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Preface

Bioprocess engineering and technology is primarily associated with the commercial
application of living organisms on large scale. Commercialization of biological
discoveries requires substantial engineering work. Bioprocess engineering and
technology is an interdisciplinary subject which brings disciplines of biology and
engineering on the same platform. A large number of disciplines like microbiology,
genetics, chemistry, biochemistry, engineering mathematics, modelling and simu-
lation and computer science have contributed significantly in achieving the target of
delivering product and process to the society. In this spectrum, a large number of
research findings are accumulating every day from all these disciplines. Many
of these findings require proper scrutiny to find their place to the initiative for
bioprocess development for future commercialization. The collection of data for
scrutiny and review are primarily required by the experts for any further promotion
of bioprocess to the next phase. It is true that global young generation is trying hard
to generate data in this domain and aimed at the production of biopharmaceuticals,
bio fuels and, development of biosensors, pollution control technologies, such as,
mineral recovery, bioremediation of soil and water and so on. With the objective to
assemble these data, Heritage Institute of Technology, Kolkata (HITK), India,
hosted the 1st International Conference on Advances in Bioprocess Engineering
and Technology on 20–22 January, 2016. The grand success in the effort tempted
the institute to arrange second such conference: 2nd International Conference on
Advances in Bioprocess Engineering and Technology on 20–22 January, 2020
(ICABET 2020). Department of Biotechnology and Department of Chemical
Engineering of HITK suceessfully organized the conference. The conference aimed
to highlight areas like fermentation technology and bioreactor; environment and
agriculture; food, pharmaceutical and health care; sustainable energy; nanomaterials
and nanotechnology. Each session was well participated, particularly by young
generation of researchers. Many of them got the opportunity to meet and discuss
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their research with expert seniors. I personally appreciate the objective and success
of the conference and hope continuation of such conference in future with balance
participation of senior and junior researchers.

Kolkata, India Subhabrata Sengupta
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Introduction

Biotechnology covers a broad segment of science and technology and commands
worldwide research because of its potential impact on the improvement of quality
of life. A bioprocess is the technology to obtain desired product or process with the
help of living cells or their component or products like enzymes. Bioprocess
engineering is a sub discipline within Biotechnology that is necessary for the
translation of discoveries of this field into usable products, and processes deliv-
erable to the society. Bioprocess technology was initiated in the first half of 20th
century with the production of penicillin and citric acid by classical fermentation
processes and later on fortified significantly by recombinant DNA technology,
plant and mammalian cell culture techniques. Nano biotechnology, as a promising
technology is also progressing, classically for cancer targeted drug development.
Bioprocessing today became a major part of biotechnology domain involved in the
production of huge number of human health care products, as well as products for
agriculture, industries, and food processing. Apart from these, development of
biosensors, detoxification of environmental pollutants, biofuel generation are major
focused research in this domain.

In earlier days putting the biology in bottle took much longer time. It took
almost 15 years for penicillin from discovery to application as drug. Glucose iso-
merase for high fructose syrup commercialization took 10 years or more. Products,
that are now under development, demands novel bioprocess techniques which is
more efficient and more economic, so as to reduce the time gap between discovery
and application. Bioprocess Engineering by its very nature is interdisciplinary
subject and thus requires more coherent approach to cross disciplinary research and
education. Although bioprocess industries have successfully translated many basic
research in biological science and molecular biology into valuable products, but
more intense research is needed for the development of more effective biophar-
maceuticals for many catastrophic diseases like cancer, heart diseases and kidney
diseases. A second generation products should be available whose price-cost dif-
ference is low. Bioprocess for the generation of alternative energy source like
ethanol, biohydrogen, biomethane, bioelectricity from renewable biomass should
reach to consumer within a reasonable time period at affordable cost. Utilization of
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renewable resources for production of renewable energy through bioprocess route
has tremendous impact on lowering our energy budget. At the juncture of nov-
el process development, the cost effectiveness and cost input for a biopro-
cess should be given importance for successful delivery to the society. Bioprocess
engineering must carefully consider more economic route for the production, not
only for new products but also for older products so that the larger fraction of
society gets benefitted.

The major challenge in achieving optimal benefit from the technology is to bring
about the synergistic combination of skills of biology, biotechnology, chemical
engineering, bioprocess engineering and computer science on a single platform. In
future, nanotechnology and information technology will see substantial progress
and expansion of bioprocess engineering and technology.

Finally, it may be added that engineering in the traditional sense of scale up and
cost reduction is not enough. Significant advances and efforts are required for
implementing new ideas other than traditional pathways. An academic policy maker
should take more responsibility of educating young generation of students in dif-
ferent cross fields of bioprocess engineering in a comprehensive manner from a
single platform.

viii Introduction
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Isolation of Cellulose-Degrading Bacteria
and to Use Their Cellulolytic Potential
for Production of Bioethanol from Paper
Waste

Sayan Chatterjee, Kalyani Tripathi, and Ram Singh Purty

Abstract In the present scenario, solid waste management has emerged as a huge
problem for the environment and mankind. Most of the wastes are generated from
the plant source that is made up of cellulose. Cellulose can serve as the source of
glucose by various methods of degradation that can be chemical or enzymatic. The
cellulase enzyme of the bacterial system can also be used for cellulose degradation. In
the present study, cellulose-degrading bacteria have been isolated from soil obtained
fromwood habitat. To indicate the cellulase activity of the organisms, the diameter of
clear zone around the colony and hydrolytic value on celluloseCongoRed agarmedia
were measured. The strain with maximum cellulolytic potential was selected on the
basis of DNS assay. The selected strain was further characterized at the molecular
level using 16S RNA sequencing. The characterized strain was later used for the
production of glucose by degrading the tissue paper. The glucose such produced
was used for the production of bioethanol using Saccharomyces cerevisiae. The
production of ethanol was positively tested after 6 days by iodoform test and amount
of alcohol produced was obtained by distillation of the fermented mash.

Keywords Cellulose · Cellulolytic bacteria · Paper waste · Bioconversion ·
Bioethanol
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1 Introduction

Human activities create wastes and these wastes are handled, stored, collected, and
disposed of so that they do not become a risk for the health and environment.With the
rapid increase in urbanization and population, the nature of solid waste has become
complexed. Municipal solid waste (MSW) is generally categorized as degradable
and nondegradable (Mehta et al. 2018). Wastes like paper, textile, fiber, food all
those composed of plant components are degradable in nature and other wastes
like plastic, metals, glass, e-wastes are termed as nondegradable. Characterization of
MSWindicated that thewaste consists of 30–45%organicmatter, 6–10%recyclables,
and the rest as inert matter (Kumar et al. 2009). The nature of waste suggests that
the main content of waste is cellulose, which is the component of plant cell wall.

Cellulose is a complex carbohydrate or polysaccharide consisting of several
glucose units linked together by β-1,4 glycosidic bond (Klemm et al. 2005). Abun-
dant availability and accessibility of cellulose make it a long-term raw material
for producing many industrially important commercial products that will be cost-
effective and eco-friendly. But in the present juncture, much of the cellulose are
disposed of as waste all over the globe. Cellulose is mainly obtained from plants
hence if we are concerned about the environment and global warming, we must find
ways to utilize the cellulosic waste generated. This can be done by using cellulolytic
system, by which cellulose can be converted into glucose, which is a multiutility
product and has industrial value. Cellulolysis is a biological process for the degrada-
tion of cellulose that is effectively done by the cellulase enzyme system (Kumakura
1997).

The microbial system is the best source for the extraction of cellulose-degrading
enzyme. There is a large range of microorganisms that are responsible for cellu-
lase production including aerobic and anaerobic bacteria, white rot and soft rot
fungi, and anaerobic fungi (Lynd et al. 2002). The cellulase enzymes isolated
from microbes can be used to degrade cellulose to produce glucose that can be
further utilized for the production of several industrially important products such as
bioethanol. Bioethanol is a striking alternative fuel as it is a renewable bio-based
resource, and it is oxygenated and hence provides the opportunity to reduce partic-
ulate emissions in compression–ignition engines (Balat 2007). Therefore, in the
present investigation, focus has been made to isolate cellulose-degrading bacteria
and utilizes its cellulolytic potential for degradation of paper waste for the produc-
tion of bioethanol. Several studies showed the production of bioethanol from paper
waste using hydrolysis and fermentation (Wang et al. 2013; Maceiras et al. 2016).

2 Materials and Methods

2.1 Sample Collection

For isolation of cellulose-degrading bacteria (CDB), the soil samples were collected
from location of wood habitat manufacturing industry of Bawana, New Delhi, India
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(28.7884° N, 77.0301° E). After collection, the soil samples were stored at 4 °C in
sterile containers.

2.2 Screening of Cellulose-Degrading Bacteria

For screening of cellulose-degrading bacteria (CDB), around 2 g of soil sample was
homogenized in 0.9% saline solution and serially diluted ranging from 10−1 to 10−3

under sterile condition. Around 100 µl of each serially diluted sample was spread
plate on carboxymethyl cellulose (CMC) agar media composed of KH2PO4, 0.5 g;
MgSO4, 0.25 g; cellulose, 2 g; agar, 15 g; gelatin, 2 g; distilled water, 1 L; pH, 6.8–
7.2. The plates were incubated at 37 °C for 24 h. Colonies obtained were maintained
on CMC agar plate and preserved at 4 °C.

2.3 Cellulolytic Ability Assay

Cellulose-degrading abilitywas analyzed by streaking the isolated bacterial strains on
CongoRed agarmedia composed of CMCagarmedia supplementedwithCongoRed
0.2 g/l. The formation of a clear zone of hydrolysis indicated cellulose degradation
ability of the isolated bacterial strain. The colony showing maximum degradation
was selected and used for further study.

2.4 Estimation of Carboxymethyl Cellulase (CMCase)
Activity

Using the 3, 5-dinitrosalicylic acid (DNS) method, CMCase activity was determined
(Miller 1959). Supernatant obtained from overnight-grown culture after centrifuga-
tion at 5000 rpm for 10 min at 4 °C was used as crude enzyme source. Assay was
carried out by adding around 0.5 ml of crude enzyme to 0.5 ml of 1% CMC (solu-
bilized in 0.05 M phosphate buffer, pH 8) followed by incubation at 50 °C in water
bath for 30 min. The reaction was stopped by the addition of 1.5 ml of DNS reagent
followed by boiling the reaction mixture for 10 min. Sugars liberated were estimated
by measuring absorbance at 540 nm. A unit of activity is defined as the amount of
enzyme required to liberate 1 mol of glucose per minute under the assay conditions.

2.5 Molecular Identification and Phylogenetic Analysis

The bacterial strain that showed maximum cellulose activity was used for molecular
characterization using 16S rRNA sequencing. The isolated bacterial strain streaked
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on CMC agar plate was deposited and sequenced at Microbial Type Culture Collec-
tion and Gene Bank (MTCC), CSIR-IMTECH, Chandigarh, India. The sequence
obtained was compared using BLASTN program and the members of the closely
related genera were retrieved from EzTaxon server (Chun et al. 2007) and aligned
using the MEGA software version 6.0 (Tamura et al. 2013). Phylogenetic trees were
constructed using the neighbor-joining as well as maximum parsimony algorithms.
Bootstrap analysis was performed to assess the confidence limits of the branching.

2.6 Production of Bioethanol

The isolated CDB strain was grown in two sets, one in CMC media and another in
basal saltmedia composed ofKH2PO4, 2 g;MgSO4, 0.2 g;NaCl, 0.2 g;NaNO3, 2.5 g;
CaCl3·6H2O, 0.1 g;WhatmanNo. 1filter paper, 2.5 g; distilledwater, 1L; pH6.8–7.2,
for 4 days at 37 °C with constant shaking of 150 rpm. The supernatant obtained from
the first set of culture was used as the source of enzymes for saccharification process,
where as the broth obtained from the second culture was used for fermentation
using Saccharomyces cerevisiae (NCIM Accession No: 3594, NCL, Pune, India).
Simultaneous saccharification and fermentation processes were carried out at 27 °C
for 6 days as described by Jain et al. 2014. Preparation of yeast growth medium was
done using yeast extract 5.0 g, peptone 5.0 g, diluted saccharified slurry to attain an
overall sugar percentage of 1%, volume made up to 1000 ml with pH 5.0.

Post fermentation, iodoform test was done to confirm the presence of ethanol. The
fermented mash was distilled and alcohol percentage was estimated (Ghosal et al.
2013).

2.7 Iodoform Test

The presence of ethanol in the culture broth was confirmed by iodoform test (Lieben
1870). Around 10 drops of methanol, ethanol, and the culture broth were taken
in three separate test tubes. The methanol and ethanol were taken as negative and
positive control, respectively. Around 10 drops of diluted NaOH solution were added
to each test tube along with 30 drops of iodine solution. The color developed was
later analyzed.

3 Results and Discussion

3.1 Isolation of Cellulose-Degrading Bacteria

Cellulose-degrading bacteria were isolated from the soil sample on CMC agar
medium using serial dilution. Serial dilution ranging from 10−1 to 10−3 under sterile
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Fig. 1 Screening of cellulose-degrading bacteria from the soil sample using serial dilution on
carboxymethyl cellulose (CMC) agar medium. a Undiluted, b 10−1, c 10−2, and d 10−3

Fig. 2 a, b Cellulolytic potential of selected six bacteria, namely, CDB1, CDB4, CDB29, CDB32,
CDB34, and CDB37, showing halo zones around the colony on CMC agar medium

conditionwas performed to obtain the isolated colonies (Fig. 1). A total of 37 isolated
colonies were selected and named as cellulose-degrading bacteria, CDB 1–37. Isola-
tion of CDBwas also reported from the other sources like guts of invertebrates (Gupta
et al. 2012), kitchen waste (Kaur 2012), and sheep rumen (Guder and Krishna 2019).

3.2 Cellulolytic Ability Assay

Cellulose degrading ability was analyzed by streaking the isolated bacterial strains
on Congo Red agar media. Based on the morphology, six morphologically distinct
bacterial isolates that were giving halo zones in CMC agar medium were selected,
namely, CDB1, CDB4, CDB29, CDB32, CDB34, and CDB37 (Fig. 2).

3.3 Carboxymethyl Cellulase (CMCase) Activity

Production of cellulase enzyme by six bacterial isolates was analyzed using the 3, 5-
dinitrosalicylic acid (DNS) method. The cellulase production ability of the bacterial
isolates in the production medium was in the following order, CDB-37 < CDB-32 <
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Fig. 3 Carboxymethyl cellulase activity of six bacterial isolates using 3, 5-dinitrosalicylic acid
(DNS) assay. a CDB1, b CDB4, c CDB29, d CDB32, e CDB34, and f CDB37

CDB-4 < CDB-29 < CDB-34 < CDB-1 (Fig. 3). Among these two bacterial isolates,
CDB-1 and CDB-34 showed maximum cellulase production ability. Out of these
strains, CDB-1 was chosen for molecular characterization.

3.4 Molecular Identification of Cellulolytic Bacteria

The strain CDB-1 that showed maximum cellulose activity was further subjected to
molecular characterization. The 16S rRNA gene sequence obtained was compared
using BLASTN program, which showed the strain CDB-1 to be Streptomyces albo-
griseolus. Multiple sequence alignment analysis with all the closely related genera
showed 99–98% similarities at the sequence level. Phylogenetic tree analysis showed
that the strain CDB-1 is closely related to other Streptomyces species available in the
database (Fig. 4). Several actinomycetes are known to degrade cellulose (Saini et al.
2015).

3.5 Production of Bioethanol from Tissue Paper

The strain CDB-1 was used for its cellulolytic potential to degrade tissue paper to
obtain glucose as the product that was, for further, used for fermentation. The strain
Sacchromyces cerevisiae was used in the fermentation process for the conversion of
glucose to ethanol. The fermentation product was obtained from the broth that was
further confirmed by iodoform test (Fig. 5). After distillation of the fermented mash,
the percentage of alcohol in distillate was calculated to be 7.8%.
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Fig. 4 Phylogenetic tree analysis showed the strain CDB-1 is closely related to other Streptomyces
species available in the database

Fig. 5 Confirmation of fermentation product using iodoform test a broth, b methanol as negative
control, and c ethanol as positive control

4 Conclusion

Rapid increase in population and urbanization has led to the generation of huge
municipal solid waste. The percentage ofv cellulose waste is around 17%, which
mainly consists of woods, papers, old furniture, etc. Using biotechnology tools,
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research has been accelerated to find ways to convert cellulose into industrial impor-
tant products. Due to its cellulolytic potential, microbes are the excellent system
for the degradation of cellulose. Therefore, in the present investigation, we have
screened and isolated cellulose-degrading bacteria (CBD) from the soil sample. Out
of 37 bacterial strains, 6 showed cellulose-degrading ability. The cellulase produc-
tion ability of the six was in the following order—CDB-37 < CDB-32 < CDB-4 <
CDB-29 < CDB-34 < CDB-1. Molecular characterization of CBD-1 showed that the
strain is closely related to Streptomyces species. The isolated CBD-1 bacterial strain
was later used for the saccharification along with S. cerevisiae during fermentation.
After distillation of the fermented mash, the production of alcohol was confirmed
using iodoform test. Thus, the biodiversity of microbes like bacteria, fungi gives us
the chance to identify and isolate strains that could assist in the biological conver-
sion of cellulose into glucose, which can later be used for the production of some
industrial useful products.
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Bioconversion of Mandarin Orange Peels
by Aspergillus oryzae and Penicillium sp.

Debarati Roy and Jayati Bhowal

Abstract The present study deals with the identification and determination of
flavor compounds present in the essential oils of mandarin (Citrus reticulata) peel
and fungal bioconverted mandarin peel. The essential oils of citrus fruits contain
volatile chemical compounds enriched with various medicinal properties. The peel
oils were extracted through solvent distillation method and analyzed by gas chro-
matography–mass spectrometry. The predominant aroma compoundswere o-xylene,
alpha pinene, beta pinene, sabinene, limonene, limonene oxide, and decanal in fresh
mandarin peel oil. After bioconversion due to fungal infection, the infected peel
oils contained various newly produced volatile components such as perillen, citral,
carveol, terpineol, verbenone, and carvone.

Keywords Flavor ·Mandarin peels · Gas chromatography–mass spectrometer ·
Bioconversion · Limonene

1 Introduction

Citrus fruits are one of the fruits that are mostly used in food, cosmetic industries
due to their contributions to flavors and antimicrobial activities. The peels are mainly
responsible for the essence of citrus fruits (Beltran et al. 2006). The essential oils of
citrus fruits are prepared by steam distillation, cold-pressing, or solvent extraction.
Citrus essential oils are obtained by cold-pressing or distillation from fruit peels.
There are several studies that have been concerned with the identification of aroma
compounds of mandarin peel oils. The cold-pressed essential oils of mandarin peel
contained a huge number (116) of aromamolecules and it also represented the highest
presence of limonene (80.3% w/w) along with gamma terpinene and myrcene (Choi
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et al. 2013). There has been no published research work on identification of volatile
aroma components present in spoiled mandarin peel of fruits of Darjeeling district.
Therefore, this present work focuses to investigate the production of valuable flavor
compounds from peel oils of spoiled mandarins collected from Darjeeling district
and it also helps to understand whether spoilage of mandarin peel can influence the
bioconversion of the aroma particles (limonene, alpha pinene) to produce new flavor
compounds such as carvone, perillen, carveol, terpineol, verbenone.

2 Materials and Methods

2.1 Collection of Plant Sample (Mandarin Fruits)

Healthy mature ripe mandarin oranges were collected from Darjeeling District in
West Bengal. The fruits were plucked from the trees during January–February. They
were transported to the experimental lab in sterile bags and the peels were analyzed
within 4 days after plucking.

2.2 Chemicals

The chemicals (different analytical standards and other reagents) were purchased
from Sigma-Aldrich Chemical Company (USA) and MERCK (Emerck India Ltd.,
Mumbai, India).

2.3 Extraction of Oils from Fresh Mandarin Peel

The mature and healthy fruits were cleaned with tap water to wash away the dust
and other foreign particles. The peels of the mandarin were removed and cut into
small pieces with the help of sterile sharp knife. Mandarin peel of 100 g was weighed
and smashed. The smashed peels were kept into a sterile 250-ml Erlenmeyer flask
and stirred with 40–60 petroleum ether for 1 day. Extraction of volatile compounds
from mandarin peel oil was done by direct solvent extraction method (Nwobi et al.
2006). The light yellow-colored essential oil (5 ml) was recovered. To remove the
water from extracted oil, anhydrous sodium sulfate was added. The sample was
concentrated through rotary evaporator and then collected in a sterile brown bottle
closed tightly until GC-MS analysis.
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2.4 Gas Chromatography–Mass Spectrometry (GC–MS)
Analysis of Essential Oils of Fresh Mandarin Peel

After extraction of essential oil, the sample was diluted with HPLC-grade 40–60
petroleum ether in 1:100 ratio (v/v). The separation of aroma compounds was carried
out by using anAgilent 7890GC systemwith 575C triple axis equippedwith selective
mass detector Agilent 5973. A capillary column of HP-5MS (30 m × 0.25 μm ×
10m duraguard column film thickness) and an automatic injection systemwere used.
The initial oven temperature was 60 °C. In the splitless mode, the column was held
at 60 °C for 5 min followed by an increase to 150 °C at 3 °C/min temperature rate
and held for 2 min. Finally, the oven temperature was increased to 200 °C at a rate of
5 °C/min and held for 2 min. Finally, column temperature was increased to 260 °C
at a rate of 10 °C/min and then held for 2 min.

2.5 Identification of Volatiles Present in Essential Oils
of Fresh Peel of Mandarin Orange

Individual chromatographic peak identification of volatile components was carried
out by comparing their mass spectra with the mass spectra from NIST 05 library
and WILEY L-built library (Ibrahim et al. 2011). The results were also confirmed
by comparing with previous studies and reviews (Elmaci and Altug 2012). The frag-
mentation of mass spectra of specific compounds was also identified by comparing
with chromatograms and retention times of the analytes with those from analytical
standards (Adams 1995).

2.6 Spoilage of Mandarin Peel Infected by Aspergillus sp.
(Aspergillus oryzae) and Penicillium sp.

About 100 g of peels from fresh Mandarin mandarins was weighed and smashed.
Then the smashed peel was homogenized at 8000 rpm by homogenizer (REMI
MOTORS-RQ-122). The pHof the resultingmixture solutionwas adjusted according
to the pH optima of specific fungus. Two sterilized 100-ml Erlenmeyer flasks were
taken and 30 ml of homogenized peel was poured into each of the flasks. Then one
of the flasks was inoculated with the pure fungal strain Aspergillus sp. (Aspergillus
oryzae) and another flask inoculated with the pure fungal strain Penicillium sp. at a
level of 107 cells or spores per ml of homogenized peel sample. The flasks were then
incubated at 28 °C for 5 days in incubator.
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2.7 Extraction of Oil from Spoiled Mandarin Peel

Extraction of oil from soiled mandarin peel was performed by direct solvent extrac-
tion method (Nwobi et al. 2006). The method of extraction of oil from spoiled
mandarin peel was performed as the method described in Sect. 2.3.

2.8 Bioconversion of Standard Limonene by Aspergillus sp.
(Aspergillus oryzae)

In a 100-ml Erlenmeyer flask, 30ml of Potato Dextrose Broth was prepared and auto-
claved at 121 °C for 15 min. After that one loopful pure fungal strain of Aspergillus
sp. was inoculated into the sterile PDA broth, then 0.1 ml of analytical standard
limonene was added into the flask, and the flask was incubated for 2 days at 28 °C.
After incubation period, fungal mat was developed. The mat was collected and the
liquid residual part of the media was filtered. About 10 ml of HPLC-grade pet ether
solventwas added and stirred continuously for 1 day on amagnetic stirrer. The sample
was then centrifuged at 5000 rpm and the supernatant was recovered. The concen-
trated liquid sample was allowed to rotary evaporation to concentrate the sample and
was then analyzed by GC-MS.

2.9 Bioconversion of Standard α-Pinene by Aspergillus sp.
(Aspergillus oryzae)

The bioconversion of standard α-Pinene by Aspergillus sp. was performed as
described earlier in Sect. 2.8.

2.10 Bioconversion of Standard Limonene by Penicillium sp.

The bioconversion of standard by limonene by Penicillium sp. was performed as
described earlier in Sect. 2.8.
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2.11 GC–MS Analysis of Flavors Obtained from Spoiled
Mandarin Peel Oils and Bioconversion of Standard
Aromatic Volatiles

Flavor compounds obtained from fungus-infected mandarins peel oils and biocon-
version of standard aromatic volatiles were extracted by direct solvent extraction
method (Nwobi et al. 2006) and determined by GC–MS analysis as described earlier
in Sects. 2.4 and 2.5.

3 Results and Discussion

3.1 Gas Chromatography–Mass Spectrometry (GC–MS)
Analysis of Essential Oils of Fresh Mandarin Peel

The chromatogram of essential oils of fresh mandarin peel was evaluated and
presented in Table 1. Based on the observation, it was shown that the essential
oil derived from fresh peel of mandarin orange retained six terpene compounds and
one aldehyde (o-xylene, alpha pinene, beta pinene, sabinene, limonene, copaene
limonene oxide, and decanal). It was found that limonene was highest dominant
compound (85%). The study of Brat et al. (2001) also revealed that mandarin peel
oil has limonene asmajor compound and other terpenes, aldehydes, alcohols (pinene,
myrcene, terpineol, citronellol, nerals). The aroma constituents of mandarin essen-
tial oils were recorded and they were α-pinene, β-pinene, β-myrcene, d-limonene,
linalool, m-cymene, and 4-terpineol (Bozkurt et al. 2017).

Table 1 GC–MS Data of the
aroma components of peel oil
of fresh mandarin

Component Quantity (%)

O-xylene 0.008

Alpha pinene 0.006

Beta pinene 0.008

Sabinene 14.21

Limonene 85.26

Limonene oxide 0.40

Decanal 0.10

Copaene 0.03
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Table 2 GC–MS Data of peel oil of spoiled mandarin

Sample name Identified flavor compounds

Penicillium sp.-infected peel oil Beta myrcene (27.19%), beta pinene (30.06%),
3-carene (6.58%), limonene (32.29%), perillen
(0.62%), geranyl alpha terpinene (2.30%), citral
(0.50%), carvone (0.46%)

Aspergillus sp.-infected mandarin peel oil Beta pinene (10.21%), 3-carene (3%), limonene
(79.11%), carveol (2.68%), isocarveol (1.72%),
trans-carveol (0.69%), linalool (1.02%), verbenone
(1.49%)

3.2 GC–MS Analysis of Flavors Obtained
from Fungus-Infected Mandarin Peel Oils
and Bioconversion of Standard Aromatic Volatiles

Table 2 shows that the essential oils derived from fungus-infected mandarin peel
contained different types of terpenes and alcohols and aldehydes.

When healthy mandarin peels were infected with Penicillium sp., various flavor
compounds were newly produced, such as beta myrcene, 3-carene, perillen, geranyl
alpha terpinene, citral, carvone. The Aspergillus sp.-infected mandarin peel oil
showed the presence of 3-carene, carveol, linalool, verbenone that were absent
in peel oils of fresh mandarin. The study of Crowell (1999) reported that the
newly produced aroma components such as carvone, perillen, and a-terpineol could
scavenge DPPH radicals. Antioxidant potential and antiproliferative effect of three
monoterpenoids (carvone, perillyl alcohol, and a-terpineol) showed cytostatic effect
against five cancers (breast, lung, prostate, ovarian, and leukemia).

The results of this study also revealed that due to the bioconversion of limonene
by Aspergillus sp. alpha pinene, beta pinene, linalool, verbenol, carveol, isocarveol,
cis- trans-carveol were produced (Table 3). It was also found that the bioconversion
of alpha pinene by Aspergillus sp. alpha pinene was transformed into d-limonene,
trans-beta-ocimene, 2-carene, verbenol, D-verbenone. The present study revealed
that Penicullium sp. can cause the bioconversion of standard D-limonene into D-
carvone, germecrene-D, and trans-carveol. Several previous research works revealed
that Aspergillus sp. and Penicillium sp. are very much able to bioconvert different
flavor compounds such as limonene, pinene, myrcene, vanillin, etc. The study of

Table 3 GC–MS Data of the aroma components identified from fungal bioconverted standard
aromatic volatiles

Bioconversion of limonene by
Aspergillus sp.

Bioconversion of limonene by
Penicillium sp.

Bioconversion of alpha pinene
by Aspergillus sp.

Alpha pinene, beta pinene,
linalool, verbenol, carveol,
isocarveol, cis- trans-carveol

D-carvone, germecrene D, and
transcarveol

D-limonene, trans-beta
ocimene, 2-carene, verbenol,
D-verbenone
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Marostica and Pastore (2007) stated that cassava wastewater can be used in bioflavor
production by using fungi species like Aspergillus sp. or Penicillium sp. Penicillum
digitatum can convert (R)-(+)-limonene to pure (R)-(+)-a-terpineol in 8 hwith a yield
of up to 93% (Adams et al. 2003). Citral was bioconverted into thymol, geraniol,
and nerol by Penicillium digitatum (Esmaeili and Tavassoli 2010). Fungi species like
Aspergillus sp. or Penicillium sp. grown in cassava wastewater could biotransform
R-(+)-limonene to R-(+)-a-terpineol. The microbial transformation of ferulic acid
is a great alternative source for natural vanillin (Zheng et al. 2007). Aspergillus
niger is used for biotransformations of different terpene compounds (Parshikov and
Sutherland 2014). The products of biotransformation of flavor compounds showed
good results of total antioxidant capacity, DPPH radical scavenging assay, and it
revealed good activity against cultured leukemic cells (Mario et al. 2009).

4 Conclusion

Peel oils of mandarin fruits contain so many flavor compounds that have various
antimicrobial and medicinal properties. This study may be helpful to reuse the fungi-
infected peels of mandarin fruits as cheap substrate in the production of natural iden-
tical flavor compounds that are less toxic than chemical flavors. Some fungal strains
showed that the biotransformation of limonene, pinene yields several flavor compo-
nents with economic value. This study is a new promising area in the production of
natural aromas.
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Utilization of Low-Cost Fatty Acid
Sources by Bacterial Isolate for Improved
Production of Valuable Prodigiosin

Dalia Dasgupta Mandal, Subhasree Majumdar, Sovan Dey, Sourav Dutta,
and Tamal Mandal

Abstract Prodigiosin, a bright pinkish-red bioactive compound, has enormous phar-
macological significance as anti-cancer, anti-microbial, anti-oxidant and immuno-
suppressive agents. This is produced by several bacterial species such as Serratia,
Pseudomonas and Streptomyces. It is one of themost conspicuous bacterial pigments
extant in the microbial world. In the present work, cost-effective production of prodi-
giosin from Serratia marcescens NITDPER1 an indigenous bacterial strain isolated
from paper mill effluent was studied. The pigment yield from this isolate was much
less in nutrient broth media and peptone glycerol media 0.047 ± 0.001 g L−1 and
0.02 ± 0.003 g L−1, respectively, at 30 °C, pH 7 and 120 rpm. To increase produc-
tion, fatty acid as carbon source, such as peanut oil, peanut powder and palm oil,
was used that gave better yield compared with common media. Among these three,
peanut oil gave the highest yield (5.36 ± 0.81 g L−1) followed by palm oil (4.43
± 0.72 g L−1) and peanut powder (3 ± 0.45 g L−1). From economical perspec-
tives, palm oil as a low-cost fatty acid source showed noticeable production and
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thus can be thought of an alternative nutrient source. The extracted pigment char-
acterized by UV–visible spectroscopy (ňmax = 535 nm), TLC (Rf = 0.9), HPLC
(RT = 2.865), FTIR and NMR confirmed it as prodigiosin. The kinetic parame-
ters of Luedeking–Piret model for pigment production in different fatty acid media
revealed growth-associated production.

Keywords Prodigiosin · Fatty acid · Peanut powder · Peanut oil · Palm oil

1 Introduction

Secondary metabolites of bacterial origin are of great importance to mankind in
many ways, which include various pigments, enzymes, antibiotics and many other
valuables. Prodigiosin, a bright red pigment produced by several bacterial species
such as Serratia, Pseudomonas and Streptomyces (Giri et al. 2004) is one of the most
conspicuous bacterial pigments extant in the microbial world (Venil et al. 2013).
The attention on prodigiosin increased when different studies certified it to possess
anti-bacterial, anti-malarial, anti-oxidant and anti-neoplastic properties (Darshan and
Manonmani 2015). It has gained much research attention among microbial pigments
because of its good thermostability and bright colour (Ren et al. 2018). However,
one of the major constraints in pigment production from bacterial cells is the high
cost of synthetic medium used (Venil et al. 2013). This limitation along with the
parallel high-potential commercial value of prodigiosin has kindled the demand of
cost-effective bioprocesses for this biopigment. From different studies, fatty acids
as carbon source such as peanut, sesame, sunflower, and so on have shown their
potential in enhancing prodigiosin production by bacterial species not only in their
powdered forms but also through extracted oils (Giri et al. 2004). These oil sources
are, however, costly that lead to the usage of cheap fatty acid sources in demand
to enhance prodigiosin production with minimum production cost. Palm oil is such
a low-cost oil source that contains 50% of saturated fatty acids (Montoya et al.
2014) and may prove its potential as a cost-effective carbon source for prodigiosin
production.

In the present study, Serratia marcescens NITDPER1 (GenBank accession
number MN380036), an indigenous bacterial strain isolated in our laboratory from
paper mill effluent was explored for prodigiosin production using conventional
synthetic media as well as different fatty acid sources to compare maximum pigment
production. The extracted reddish-pink pigment was characterized to ascertain its
nature as prodigiosin. The kinetic parameters of growth and pigment production
were analysed to relate growth associatedness of the process. This study aimed at
an alternate low-cost source of nutrition for S. marcescens NITDPER1 for improved
prodigiosin production from economic perspective and commercial use.
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2 Materials and Methods

2.1 Microorganism and Chemicals

Paper mill wastewater was collected from Raniganj area, West Bengal, India,
from where S. marcescens NITDPER1 was isolated and maintained in laboratory
conditions. All the reagents were from Sigma-Aldrich, Merck and Himedia unless
otherwise mentioned and were of analytical grade.

2.2 Batch Studies for Pigment Production

Five different media, namely, nutrient broth, peptone glycerol broth, peanut powder
broth (2%), peanut oil broth (2%) and palm oil broth (2%) were prepared (100 ml)
and autoclaved at 121 °C, 105 kPa for 20 min followed by inoculation with 5%
overnight-grown bacterial culture. The flasks were kept in an incubator at a shaking
speed of 120 rpm and 30 °C temperature for 96 h. At regular interval, 10 ml culture
was taken out from the flask, and pigment was extracted with 2 ml acidified ethanol
following Suryawanshi et al. (2014). Growth was monitored at regular intervals
spectrophotometrically by withdrawing 1 ml culture volume and drying the pellet
biomass.

2.3 Characterization of the Extracted Pigment

The extracted pigment was characterized by UV–vis spectrophotometery (200–
800 nm) and TLC using chloroform:methanol (9:1) as the solvent system (de Araújo
et al. 2010). The HPLC profile was analysed using acetonitrile: HPLC water (60:40)
as solvent system (Faraag et al. 2017). FTIR spectra were recorded between scan-
ning ranges of 400 and 4000 cm−1 and 1H NMR (125 MHz) spectroscopy (Bruker
Advance 500 NMR) was done using chloroform-d2 (CDCl3) as the solvent.

2.4 Kinetic Analysis of Growth and Pigment Production

Growth- and production-associated kinetic parameters such as specific growth rate
(μ), generation time (TG) and growth-associated (α) and non-growth-associated (β)
kinetic constants for product formation were determined. Production kinetics was
studied using Luedeking–Piret model (Luedeking and Piret 1959), which is given as

dp/dt = α dx/dt + βx (1)
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3 Results and Discussion

3.1 Pigment Production in Batch Studies

The growth profile of bacterial isolate from Fig. 1a reveals that the bacterial isolate
has preferred fatty acid-containing powders and oils as carbon source in comparison
to nutrient broth and peptone glycerol media for growth and pigment production.
Nutrient broth and peptone glycerol broth yielded only 0.047 ± 0.001 g/L and 0.02
± 0.003 g/L productivity, respectively, after 60 h of incubation. It is important to note
that compared with this study, much higher productivity of prodigiosin in nutrient
broth (0.35 g/L) and peptone glycerol media (0.56 g/L) in similar process conditions
have been reported byGiri et al. (2004), using other strains of Serratia. The variations
in production may be due to the preferential nutritional choice of the selected strain
as certain carbon source may be responsible for catabolite repression (Kalivoda
et al. 2010). In the presence of fatty acid source-containing media, the bacterial
growth and prodigiosin production were considerable. There was time-dependent
enhancement in production in correlation with growth withmaximum yield observed
at 60 h for peanut oil and palm oil and 72 h for peanut powder, beyond that there
was no significant yield enhancement. The highest productivity was observed in
case of peanut oil (5.36 ± 0.81 g/L) followed by palm oil (4.43 ± 0.72 g/L) and
peanut powder media (3 ± 0.45 g/L). Similar findings were reported by Giri et al.
(2004) where fatty acid as carbon source showed improved prodigiosin production
compared with conventional media. Further, this can be supported by the finding of
Aruldass et al. (2014) for prodigiosin production by S. marcescens UTM1 where
complex media were deemed to be poorly nutritious compared with chemically
defined simple media such as brown sugar. Palm oil as an alternate source of fatty
acids showed promising results in comparison with peanut oil that gave only 1.2-fold
higher production. However, peanut oil is the costliest edible oil in India (Economic
Times 2015), so, on economic point of view, palm oil as nutrient can be thought as

Fig. 1 a Growth of bacterial isolate in different fatty acid media and b pigment production
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Fig. 2 a UV–vis scan and TLC, b FTIR spectra of extracted pigment

an alternative. This is the first report as per our knowledge related to the production
of prodigiosin using low-cost palm oil source revealing an economically feasible
alternate to peanut oil without hampering much productivity.

3.2 Characterization of the Extracted Pigment

The characterization of extracted pigment revealed lambda max at 535 nm and Rf

value of 0.9 (Fig. 2a). The HPLC profile revealed a single clear peak at retention
time of 2.865 that is close to the reports of Faraag et al. (2017) for prodigiosin.

The FTIR absorption spectra of the pigment for the location of various peak
intensities at different wavenumbers (cm−1) indicating the presence of different
functional groups in its structure (Fig. 2b). Bands were located at 3005.6, 2922.3,
2853.8, 1713.1, 1643.7, 1547.1, 1408.8, 1243.9, 1077.2 and 722.5. These character-
istic spectra showed similarity with the already reported FTIR data of prodigiosin
pigment (Sumathi et al. 2014; Suryawanshi et al. 2014) certifying its nature to be
prodigiosin.

The NMR spectral analysis of extracted pigment (not shown) via 1H NMR
(500 MHz, CDCl3) showed δ values at 7.26, 6.95, 4.01, 3.08, 2.54, 2.35, 2.2, 1.54,
1.28, 1.257, 0.88, 0.89, 0.87, 0.86 0.85, 0.83 ppm similar to patterns with other prodi-
giosin spectra reported by Faraag et al. (2017) and Arivizhivendhan et al. (2015).
The high degree of similarity thus confirms extracted pigment to be prodigiosin.

3.3 Growth and Production Kinetics

In batch studies using fatty acid sources, the specific growth rate (μ) of the bacterial
isolate was 0.1923, 0.2715 and 0.1586 h−1 and generation time (TG) was 3.6 h, 2.55 h
and 4.37 h in peanut oil, palm oil and peanut powder media, respectively. Kinetic
study carried out using Luedeking–Piret model is shown in Fig. 3 that reveals growth-
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Fig. 3 Luedeking–Piret model for production using a peanut oil, b peanut powder, c palm oil

associated pigment yield coefficient (α) of 0.2707, 0.1358, 0.1547 and a minor non-
growth-associated constant (β) of 0.0117, 0.0047 and 0.015 for palm oil, peanut
oil and peanut powder, respectively. The non-growth-associated production means
production during stationary phase that was very less, so it could be said that in
this case, prodigiosin production process is growth associated. Similar findings of
growth-associated pigment production and substrate consumption were found for
Monascus purpureus red pigment production in shake flasks (Musaalbakri et al.
2006). Whereas, Lu et al. (2009) reported non-growth-associated violacein pigment
production by Janthinobacterium lividum XT1 using sucrose as the carbon source.
So, depending on the microbe being used, production kinetics may vary. In the
present study, growth associatedness emphasizes the importance of fatty acids as
carbon source for growth and related production.

4 Conclusion

This study determined the efficacy of palm oil as a carbon source for the growth and
prodigiosin production by S. marcescens NITDPER1. Prodigiosin as a promising
drug and biocolour has enormous market value for which economically feasible
media are highly demanded. Here, the isolated bacterial strain shows celebrated
productivity of prodigiosin using a cheap fatty acid carbon source paving the path
for low-cost productivity.
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Simplified Detection of Serotonin
by FET-Based Sensor

Koel Sinha, Rabindranath Majumder, and Chitrangada Das Mukhopadhyay

Abstract Qualitative and quantitative detection of neurotransmitter is crucial in
many areas, ranging from early clinical diagnosis to homeland security. Due to
various advantages such as the ultralow limit of detection, fast readout, low cost,
and easy method of fabrication over traditional detection systems, semiconductor
nanorod-based electronic devices have emerged out to be a potential sensing plat-
form. In the present study, we synthesized biologically active ZnO nanorod field-
effect transistor (FET)-based biosensor for the detection of different concentrations
of serotonin (5-HT) solution. In addition, serotonin ranging from lower to higher
concentration resulted in the change in electrical current with an increase in gate
voltage. The ZnO nanorod FET-based biosensor could easily detect as low as 1 fM
serotonin, which implied that the detection limit of the biosensor can be as low as
1 fM.

Keywords Neurotransmitter · Field-effect transistor · Biosensor · Serotonin

1 Introduction

Serotonin is one of the principal neurotransmitters and is regarded as the molecule
of contentment as it participates actively in controlling a number of behavioral as
well as cognitive activities (Godoy-Reyes et al. 2018). It is majorly produced by
the brain under the normal physiological condition where it functions in passing
the information to various organs through the central nervous system (Lacasse and
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Leo 2005). In addition, the gastrointestinal tract has also been reported for secreting
serotonin to control the intestinal movement (Camilleri 2009). Its abnormal levels
have been related not onlywith various disorders namely neurodegenerative diseases,
autism, inflammatory syndromes but also linked with a number of psychotic states
including attention-deficit hyperactivity disorder (Carver et al. 2009). In addition,
altered serotonin levels have been reported to be associated with sudden death symp-
toms of infant and an influence on phenomenon of natural aging (Paterson et al.
2006). This implies that it is highly important to quickly detect serotonin for health
care and clinical treatment.However, serotonin concentration in bodyfluid is ~15 nM
whereas, in urine it is around 295–687 nM, thus, the detection of serotonin is often
applied by specific techniques that are complicated strategies, high cost, and time-
consuming (Artigas et al. 1985; Huang et al. 2012; Tekes 2008; Umeda et al. 2005).
In this regard, high-quality electrocatalyst-based electrochemical sensor would be a
valuable clinical diagnostic tool to permit the simple, sensitive, accurate, rapid, and
reliable detection of low serotonin levels.

Recently, numerous detection methods have been developed to monitor sero-
tonin, but still several problems exist. For instance, several detection techniques such
as solvent extraction and ion-exchange chromatography require extensive sample
preparation and are aspecific with respect to other indole species (Tonelli et al.
1982). Comparably, this can be overcome by high-performance liquid chromatog-
raphy (HPLC), which can distinguish between different indoles. Therefore, it is
currently the most common technique in the field, but it is especially costly and
requires sophisticated equipment, making it unsuitable for routine tests (Anderson
1991; Patel et al. 2005;Kema et al. 2000).Hence, another alternative detection system
must be needed to overcome these problems of the conventional serotonin detection
systems.

Recently, a semiconducting nanorod field-effect transistor (FET)-based biosen-
sors have gained much interest owing to its outstanding properties and efficiency. As
sensing elements, the FETdevice serves to overcomemany obstacles faced by current
sensing technologies. For example, significant advantages such as portability, high
sensitivity, fast response, lowmanufacturing cost, and label-free detection procedure
have provided a clear aspect to develop FET-based biosensors for analyzing biolog-
ical/chemical molecules. To this end, in this study, zinc oxide nanorod FET device,
was utilized for the first time to develop a highly sensitive biosensor for detecting
serotonin molecule in a fast response manner. Different concentrations of serotonin
molecule (range from 1 fM to 1 μM) in a wide range were sensitively analyzed by
current change based on the immunoreactions.
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2 Materials and Methods

2.1 Fabrication of ZnO FET

ZnO FET-based biosensor with lateral electrode configuration has been fabricated
using hydrothermal technique involving the ZnO seed layer preparation. Contacts
have been installed on one side of the glass substrate by photolithography. Here,
positive photoresist S1813 was spin-coated on top of glass surface by centrifugation
at 2500 rpm for 30 s. First, the ZnO precursor solution was prepared by mixing
50 mM zinc nitrate hexahydrate [Zn (NO3)2·6H2O] with 100 ml of deionized (DI)
water. The solution bath has been placed on a magnetic stirrer and was heated. Next,
4 ml of ammonium hydroxide [NH4OH] solution has been added in the solution as
soon as the bath temperature rises to 60 °C, followed by stirring up to 30 min. Then,
the solution was kept uninterrupted for 24 h. ZnO film is obtained from the precursor
solution and has been spin-coated on glass surface. After that, for evaporation of the
remaining solvent, ZnO sample has been kept on a hot plate at 250 °C for 10 min.
Next step involves the hydrothermal growth of ZnO nanorod on the seeded surface
area following the procedure as reported earlier. About 50 mM zinc nitrate hexahy-
drate [Zn (NO3)2·6H2O] with 50 ml DI water, whereas, on another beaker, 50 mM
hexamethylenetetramine [HMTA. C6H12N4] has been blended with 50 ml DI water
and was stirred for 10 min respectively. Then both the solutions have been mixed
with one another and stirred at 260 rpm. The ZnO-seeded glass platform has been
suspended into the solution bath for 2 h. After this step, the glass platform has been
taken out from the solution and washed with DI water. To achieve better crystalliza-
tion, the ZnO nanorod has been thereby annealed at 350 °C using the rapid thermal
annealing method for 5 min.

2.2 Functionalization of ZnO

For proper antibody immobilization, silanization process was followed by cross-
linker attachment. The silane solution has been prepared by the addition of 0.4 ml
mercaptopropyltrimethoxysilane (MTS) and 9.258 ml ethanol with 0.341 ml DI
water and was pipetted on the sensor surface. The sensor was sealed and was
left in the nitrogen environment for 24 h. The sample was washed with ethanol
and then ultrasonicated for 5 min along with a drying session in the nitrogen
environment. Thereafter, the cross-linker attachment was achieved by 2 mM N-γ-
maleimidobutyryloxysuccinimide (GMBS) solution on the ZnO surface andwas kept
for 24 h. The sample was then ultrasonicated in ethanol for 5 min and thereafter the
activated ZnO surface is now suitable for covalent attachment of antibody. There-
fore, all the surface modification steps have been performed in room temperature
following the reported protocol (Corso et al. 2008).
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2.3 Preparation of Serotonin Solution

Serotonin hydrochloride (1mg/ml) has been utilized as the targetmolecule purchased
fromSigma-Aldrich, USA. For the purpose of electrical measurements, several serial
dilutions of serotonin hydrochloride have been performed with phosphate buffer
saline (PBS) (pH 7.2) and 20 mM ionic strength to produce concentration ranging
from 1 fM to 1 μM. Thereafter, to carry out further measurements in physiological
sample, serotonin hydrochloride has been spiked in human blood serum. The blood
samples were kept at room temperature to separate the serum following the standard
protocol. The selectivity of the fabricated FET biosensor has been examined with
dopamine and uric acid molecules by separately spiking each of the samples.

2.4 Electrical Measurement

Each sensor chip has been used to interface with the PC through a sensor holder
setup. In the setup, the bond pads of the sensors have been set just below the probes
of the sensor holder. The probes of the sensor holder are connected with drain and
source electrodes and are spring loaded and the adjustment screws are provided to
align with the bond pads. The gate electrode has been inserted by a small gap in the
setup and soldered to a metal connector. The gate electrode has been fixed to a DC
power supply (Keysight technologies). A high-frequency signal of 20 mV amplitude
in the frequency range of 200–1000 kHz has been applied through a signal generator
(Agilent 33521A) at the drain electrode. The high-frequency signal with a reference
signal of 1.43kHz has been modulated using a lock-in amplifier (Stanford Research,
SR 830) and provided to the ZnO FET at the source terminal.

2.5 Characterization Techniques

To characterize the surface morphology of the ZnO nanorods, growth was recorded
with field emission scanning electron microscopy (FESEM) (ZEISS SUPRA-40).
The X-ray diffraction (XRD) was employed using RIGAKU diffractometer to
confirm the crystal structure of ZnO nanorod.

2.6 Real Sample Analysis

Human blood samples were collected from Nashipur Block Primary Health Centre,
WestBengal andwere used for the experiment. Theywere kept in sterilized containers
andwere centrifuged for 10min at approximately 3000 rpm. The obtained serumwas
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kept in sterilized containers for further experimentation. The study has been approved
by the appropriate institutional ethics committee (No. NBPHC/187 dated 11th May,
2019), and blood sampling and experimentation have been performed in accordance
with the 1964 Helsinki Declaration and its later amendments or comparable ethical
standards.

3 Results and Discussion

3.1 Structural Characterization

The surface morphological study has been conducted with high-resolution FESEM
with an operating voltage of 10 kV and magnification of 100 K. The top view of
FESEM micrograph of the ZnO samples is shown in Fig. 1. Therefore, film conti-
nuity has been confirmed from the FESEMmicrograph. Average grain size has been
found to be around 60 nm. The XRD pattern of the rapidly grown ZnO nanorod
exhibited diffraction peak along (002) plane at 2θ ≈ 34.4° (Fig. 2). The diffraction
peak (002) denoted the unit cell of the crystal to be hexagonal in growth with its
c-axis perpendicular to that of the glass substrate. Besides, clear sharpness and no
impurity diffraction peaks indicate the crystallinity along with the high purity of the
fabricated ZnO nanorod.

Fig. 1 FESEM micrograph of ZnO seed layer
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Fig. 2 XRD pattern of ZnO nanorod

3.2 Electrical Characterization of the Fabricated Sensor

The FET-based systems are prone to miniaturization, along with small sample
volume, high sensitivity (femtomolar level), real-time analyte detection, quantifi-
cation, and the possibility of in-site analysis (He et al. 2012). The change of Id with
V gs before and after antibody functionalization and after serotonin capture in the
presence of 20 mM PBS buffer at pH 7.2 and V ds of 5 V has been examined (Fig. 3).
It can be evidenced that the increment in the drain current (Id) with V gs denotes the n-
type intrinsic doping on the surface of the synthesized ZnO nanorod. It has also been
observed that the current increases significantly for a change in V gs from 0 to 5 V,
which indicates high transconductance. For lateral electrode configuration, conduc-
tion of current mostly takes place through the ZnO seed layer. It has been observed
that the current decreases significantly after antibody functionalization followed by
an increment after serotonin capture. This may be attributed due to the negative
charges of antibody molecules at pH 7.2, which leads to modulation of the applied
gate voltage, resulting in carrier depletion within the ZnO seed layer and decrease in
Id.

Variation of sensitivity with different serotonin concentrations at V gs 5 V for
1 MHz frequency has been plotted in Fig. 4. From this plot, it can be noted that
sensitivity around 6.42% can be achieved at 1 fM serotonin concentration in biolog-
ical matrix namely serum with this fabricated sensor. It can be observed that the
sensitivity gets decreased for serum in comparison with buffer solution (7.85%).
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Fig. 3 Variation of Id with Vgs before and after antibody functionalization and after serotonin
(antigen) capture

Fig. 4 Variation of sensitivity with different serotonin concentrations in buffer and serum

This phenomenon has been justified due to the lower number of target biomolecules
are being captured for the equal quantity of pipetted solution.

4 Conclusion

This present study describes the development of fast, label-free, economical, ZnO
nanorod FET-based biosensor for serotonin detection in serum. The fabrication of the
sensorwas characterized byFESEMandXRD.The selection of FET-based sensor for
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electrical detection of serotonin was demonstrated for the first time in a ZnO nanorod
matrix to the best of our knowledge,where the sensitivitywas achieved at a very lower
level. The limit of detection of the proposed biosensor is 1 fM–1μM,which is suitable
for discriminating the control serum from the case serumat point of collectionwithout
using any additional instrument. The biosensor was highly selective toward serotonin
detection and shows 6.42% sensitivity of serotonin from serum samples. Based on the
sensing principle, a miniaturized device can be developed for serotonin detection in
real biological samples, indicating its real clinical benefits and prospective industrial
potential. In the future, the sensing platform or principle described here in the study
can be extended toward the detection of various molecules in different matrices.
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Production of Lactose-Free Cheese Using
Partially Purified β-Galactosidase
from Enterobacter aerogenes st
KCTC2190

Manisha Maity, D. K. Bhattacharyya, and Jayati Bhowal

Abstract β-galactosidase has numerous applications in milk and other dairy indus-
tries including treatment of lactose intolerance. It catalyzes the hydrolysis of milk
sugar lactose into monosaccharides, namely, D-galactose and D-glucose. In this
present study, Enterobacter aerogenes st KCTC2190 was isolated from soil around
cattle shed area, which was capable of producing intracellular β-galactosidase.
Extracted β-galactosidasewas partially purified by cold acetonemethod.After partial
purification, specific activity and purification fold increased to 10.64 ± 1.12 U/mg
and 1.28 fold. Partially purified β-galactosidase was then applied on cheese to
produce lactose-free soft cheese. Physicochemical analysis such as moisture, ash,
fat, carbohydrates, proteins of raw material, control cheese (without enzyme treat-
ment), and cheese from β-galactosidase-treated milk was almost same except lactose
content. This partially purified β-galactosidase displayed hydrolytic effect on cheese
lactose. Lactose hydrolysis of 81.90% occurred after 4 h of treatment of milk with
this partially purified enzyme at 40 °C. After 4 h of enzymatic treatment, lactose
hydrolysis became constant.
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1 Introduction

β-galactosidase has important application in food and medical industries due to their
ability of both hydrolytic and transglycosylation activities (Qi et al. 2017). This
enzyme can be used in milk andmilk derivatives to decrease their lactose content and
thus solving the problem of low lactose solubility and its low degree of sweetening
(Kumar et al. 2015). Inadequate production of β-galactosidase leads to discomforts
such as cramps, gas, in digestion, diarrhea.β-galactosidase enhances the color, aroma,
and flavor of milk products. The creaminess of the ice cream increases due to lactose
hydrolysis (Erich et al. 2015). Regular milk and lactose-free milk have differences
in viscosity and whiteness. The lactose contents of milk and milk products are a
matter of concern for lactose-intolerant people. Technologies have to be applied
for the production of lactose-free milk and milk products from the regular milk.
β-galactosidase can commercially be applied in dairy industry to produce products
of low lactose content (Bosso et al. 2016). Factors such as pH, temperature, time,
lactose concentration, and presence of some activators alter the enzymatic hydrolysis
process (Triose et al. 2016). The present work was aimed at lactose hydrolysis of
milk by β-galactosidase obtained from soil bacteria and production of lactose-free
cheese.

2 Materials and Methods

2.1 Chemicals

Cow milk and starter culture tablet (Lactobascilplus) were purchased from local
market, Shibpur, Howrah, India. Chemicals used in this study were of analytical
grade and purchased from Merck, Germany and Sigma-Aldrich, USA. Bacteriolog-
ical media were procured from HiMedia laboratory Pvt. Ltd., India. The test kit of
oxidase–peroxidase for glucose estimation was purchased from Robonik (Prietest).

2.2 Screening and Isolation of β-Galactosidase-Producing
Microorganism

The β-galactosidase-producing bacteria were screened, isolated, and purified from
soil samples collected from cattle shed area. Soil samples were serially diluted
and plated on prestrerilized petriplates containing lactose media. Lactose medium
was containing per liter lactose 5 g, peptone 5 g, beef extract 3 g, agar 15 g,
and pH at 6.5 along with chromogenic substance 5-bromo-4-chloro-3-idolyl-β-d-
galactopyranoside (X-gal) and incubated at 37 °C for 24 h. Strain was characterized
and identified using biochemical and morphological studies and verified by MTCC
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(Microbial Type Culture Collection & Gene Bank), Chandigarh. 16S rRNA amplifi-
cation and phylogenetic tree analysis were developed and verified by BioAxis DNA
Research Centre (P) Ltd., Hyderabad.

2.3 β-Galactosidase Production and Purification

Fermentation for β-galactosidase production was carried out into 150-ml Erlenmeyer
flask containing 50-mL prestrerilized modified lactose broth containing nutrients
(g/L) lactose 10, peptone 10, yeast extract 10, (NH4)2SO4 5, NaH2PO4 1, MgSO4

0.5, 7H2O, MnCl2 0.5, potato starch 10, and pH 7 at 37 °C for 32 h at static condi-
tion. Microbial cells were harvested, suspended in 0.05 mM phosphate buffer, lyzed
by sonicator (250 W, Piezo-U-Sonic Ultrasonic Cleaner) for 20 min at 4 °C and
centrifuged at 6000 rpm for 15min. Crude intracellular β-galactosidase thus obtained
was concentrated by lyophilization and was assayed according to Iqbal et al. (2010)
with some modifications. β-galactosidase was further purified through cold acetone
precipitation method according to Sumathy et al. (2012).

Specific activity(U/mg of protein) = Enzyme activity/protein concentration

2.4 Lactose-Free Soft Cheese Preparation

Lactose-free cheese preparation involved the preparation of lactose-free milk and
later on conversion of this treated milk to cheese.

2.4.1 Lactose-Free Milk Preparation and Optimization of Process
Parameters for Lactose Hydrolysis

Cow milk was hydrolyzed by this partially purified β-galactosidase for 6 h before
cheese production. Effects of temperature (35–60 °C) and pH (5–7.5) on the hydrol-
ysis of lactose present in cow milk were evaluated. Liberated glucose was measured
for both untreated cowmilk and β-galactosidase-treated cowmilk by glucose oxidase
kit, and lactose hydrolysis efficiency (Eh%) was measured.

Lactose hydrolysis efficiency (Eh%)

= Glucose concentration×Molar mass of lactose
Initial lactose concentration×Molar mass of glucose × 100
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2.4.2 Preparation of Cheese from β-Galactosidase-Treated
and Untreated Cow Milk

Lactose-free soft cheese was prepared as described byYossef and EI Beltagey (2014)
with somemodifications. Partially purified β-galactosidase was added to cowmilk at
a ratio of 1:10 (v/v). Then milk was stirred gently at 25–30 °C for 20 min. After that
milk was heated at 60–70 °C for 30 min and cooled immediately to 30–40 °C. About
0.02% calcium chloride was added and kept for 15 min. Then 1% starter culture
was mixed and kept for 3 h. Whey was discarded after adding rennet and pressed by
cheese mold. Disc-shaped cheese was stored in the refrigerator. Similarly, control
cheese was prepared with untreated (without β-galactosidase) cow milk.

2.4.3 Proximate Analysis of Cheese from β-Galactosidase-Treated
and Untreated Cow Milk

Physicochemical analyses such as moisture, ash, fat, carbohydrates, and proteins
of cow milk, control cheese, and cheese from β-galactosidase-treated milk were
analyzed according to standard replication AOAC (Association of Official Agricul-
tural Chemists 2011) methods.

2.4.4 Estimation of Antioxidant Activity of Cheese
from β-Galactosidase-Treated and Untreated Cow Milk

Estimation of antioxidant activity involved at first the preparation of water-soluble
extract of cheese from β-galactosidase-treated and untreated milk. Water-soluble
cheese extract was prepared according to Huma et al. (2018) with slight modifica-
tion. Prepared cheesewasmixedwith distilledwater at a ratio of 1:2 and homogenized
(1000 rpm/min) for 20 min. pH of this homogenized mixture was adjusted at 4.6 by
1 M HCl. Slurry was heated in water bath (40 °C) for 1 h, followed by centrifu-
gation (5000 rpm, 15 min) at 4 °C. Then the supernatant was filtered and taken as
a water-soluble extract for antioxidant determination. Antioxidant activities such
as 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scav-
enging activity, 2,2-diphenyl-1-picrylhydrazil (DPPH) radical scavenging activity,
and ferric reducing antioxidant power (FRAP) assay of aqueous extract of cheese
from β-galactosidase-treated milk and cheese from non-treated milk were estimated
according to Rahmawati and Suntornsuk (2016) and Huma et al. (2018).

2.4.5 Microbial Load Analysis of Cheese from β-Galactosidase-Treated
and Untreated Cow Milk

Microbial load analysis was carried out for both the cheeses during storage condition
(stored for 0–30 days at 4 °C). The amount of total viable organisms, lactic acid
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bacteria, yeast, and coliform bacteria was estimated using plate count agar, potato
dextrose agar, and violet red bile agar, respectively, by the processes described by
American Public Health Association (2005).

2.5 Statistical Analysis

All samples were analyzed in triplicates. One-way analysis of variance (ANOVA) of
data was analyzed by Tukey test at a significance level of 5% (P < 0.05).

3 Results and Discussion

3.1 Screening, Isolation, and Identification

During screening of microorganisms, 43 strains were observed on modified lactose
agar media. Among them, 16 strains showed blue colonies on lactose agar media in
the presence of X-gal and indicated the ability to produce β-galactosidase activity
by these respective strains. Among them, the highest β-galactosidase activity-
producing isolate had been identified as Enterobacter aerogenes st KCTC2190 on
the basis of morphological, biochemical characterization, and 16S rRNA sequence
analysis. Figure 1 depicts the phylogenetic tree analysis of this organism. The
sequence obtained was 100% identical to the partial gene sequence of 16S rRNA
of Enterobacter aerogenes st KCTC2190. Accession number of the sequence was
KP941761.1.

Query 0

Enterobacter aerogennes st KCTC2190

Enterobacter sp. Enterobacter sp. EnB-bsy7

Enterobacter cloacae st. vaalpkv-1

Enterobacter cloacae st.-JD-9

Enterobacter cloacae st.-B36

Enterobacter cloacae st. BMS3

Enterobacter cloacae st. FC1376

Enterobacter cloacae st. C312

Uncultured Enterobacter sp. clone LenS2s2

Enterobacter cloacae st. YU27SMCC3111

Fig. 1 Diagram representing the estimated phylogenetic relationship on the basis of 16S rRNA
sequences of bacteria isolated from cattle shed area
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Table 1 Partial purification of β-galactosidase by cold acetone method

Purification
steps

Volume
(ml)

Total protein
concentration
(mg)

Total
enzyme
activity
(U)

Specific
activity
(U/mg)

Recovery
(%)

Purification
fold

Crude
enzyme
extract

30 11.21 92.59 8.26 ± 0.57 100 1

Acetone
precipitation

10 3.1 32.98 10.64 ± 1.12 35.61 1.28

3.2 β-Galactosidase Production and Enzyme Assay
from Enterobacter aerogenes st KCTC2190

Enterobacter aerogenes st KCTC2190 was cultivated on modified lactose media
and an appreciable amount of intracellular β-galactosidase was produced in process.
Crude β-galactosidase from Enterobacter aerogenes st KCTC2190 had a specific
activity of 8.26 ± 0.57 U/mg as shown in Table 1.

3.3 Partial Purification of β-Galactosidase

Table 1 indicates that partial purification of intracellular β-galactosidase extracted
from Enterobacter aerogenes st KCTC2190 by cold acetone precipitation method
caused a slight increase in specific activity of the enzyme and purification fold was
increased up to 1.28 fold.

3.3.1 Optimization of Process Parameters for Lactose Hydrolysis
of Cow Milk

Temperature and pH are the two most important factors related to lactose hydrolysis
to the extent. Without proper temperature and pH maximum, hydrolysis cannot be
achieved. Table 2 exhibits the effect of temperature on lactose hydrolysis efficiency
of cow milk. It was observed that maximum lactose hydrolysis efficiency of milk
(73.23 ± 1.38%) was achieved at 50 °C. Dutra Rosolen et al. (2015) studied that
lactose hydrolysis efficiency was 30.70% for milk and 44.38% for cheese whey at
55 °C using 9 U/ml β-galactosidase from Aspergillus oryzae. According to Panesar
(2007), β-galactosidase from alginate-entrapped yeast cells was able to generate
84.8% lactose hydrolysis at 30–35 °C. Bosso et al. (2016) investigated that at 35–
40 °C, β-galactosidase from K. lactis showed the maximum lactose hydrolyzing
activity on ultrahigh-temperature milk.
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Table 3 Effect of
β-galactosidase on lactose
hydrolysis (%) of cheese

Sample Lactose hydrolysis efficiency%

3 h 4 h

Control cheese 7.47 ± 0.31a 7.89 ± 1.34a

Cheese from
β-galactosidase-treated milk

72.60 ± 2.15a 81.90 ± 0.34a

Samples were analyzed in triplicate. Values are calculated as mean
± SD. Values displayed by same letters in the same column are
significantly different (P < 0.05) from each other

Table 2 exhibited the effect of pH on lactose hydrolysis efficiency of cow milk. It
was observed that maximum lactose hydrolysis efficiency of milk (79.23 ± 0.20%)
was achieved at pH 7. β-galactosidase fromKluveromyces marxianus leads to 86.8%
dairy whey lactose hydrolysis at pH 7 (Rajakala and Selvi 2006).

3.3.2 Estimation of Lactose Hydrolysis After Cheese Preparation

Cheese can be made from various sources of milk (cow, buffalo, goat, and sheep).
Depending on source, the appearance, color, and flavor of cheese vary. The main
sugar in milk is lactose. This partially purified β-galactosidase displayed hydrolytic
effect on milk lactose. Table 3 showed that 81.90% lactose hydrolysis occurred after
4 h of treatment of milk before cheese production with this partially purified β-
galactosidase at 50 °C. After 4 h of enzymatic treatment, lactose hydrolysis became
constant. It is already an established fact that hardness of cheese increases with
the increasing lactose content in it. Also it is known that fresh cheese contains more
lactose than aged one. Generally, during the cheese-making process, lactose ismostly
drained off with the whey. The small amount that remains in the curd is changed to
lactic acid during ripening of cheese. Only a trace amount of lactose remains. In this
study, the prepared cheese was not aged. The lactose content as well as hardness of
this unripe cheese was reduced after enzyme treatment. Apricot seed β-galactosidase
was able to hydrolyze 99.66% lactose of buffalo milk cheese (Yossef and El Beltagey
2014).

3.3.3 Proximate Analysis

Proximate analysis of cow milk and that of cheese from β-galactosidase-treated and
untreated milk are presented in Table 4. Proximate analysis was almost similar for
both cheeses.



Production of Lactose-Free Cheese Using Partially Purified … 47

Ta
bl
e
4

Pr
ox

im
at
e
an
al
ys
is
of

co
w
m
ilk

,c
on

tr
ol

ch
ee
se
,a
nd

β
-g
al
ac
to
si
da
se
-t
re
at
ed

ch
ee
se

C
ha
ra
ct
er
is
tic

s
M
oi
st
ur
e
(%

)
Pr
ot
ei
n
(%

)
Fa
t(
%
)

A
sh

(%
)

C
ar
bo
hy
dr
at
e
(%

)

C
ow

m
ilk

88
.1
1

±
0.
85

a
3.
59

±
0.
16

a
3.
21

±
0.
08

a
0.
78

±
0.
07

a
4.
90

±
0.
45

a

C
on
tr
ol

ch
ee
se

52
.8
2

±
1.
36

b
14
.8
6

±
0.
11

b
6.
50

±
0.
45

b
6.
73

±
1.
34

b
2.
74

±
0.
41

b

C
he
es
e
fr
om

β
-g
al
ac
to
si
da
se
-t
re
at
ed

m
ilk

55
.1
1

±
1.
72

cb
14
.9
3

±
0.
27

cb
6.
72

±
1.
17

cb
4.
58

±
0.
35

c
2.
67

±
0.
20

cb

Sa
m
pl
es

w
er
e
an
al
yz
ed

in
tr
ip
lic

at
e.
V
al
ue
s
ar
e
ca
lc
ul
at
ed

as
m
ea
n

±
SD

.V
al
ue
s
di
sp
la
ye
d
by

di
ff
er
en
tl
et
te
rs
in

th
e
sa
m
e
co
lu
m
n
ar
e
si
gn

ifi
ca
nt
ly

di
ff
er
en
t(
P

<
0.
05
)
fr
om

ea
ch

ot
he
r



48 M. Maity et al.

Table 5 Antioxidant activity of control- and β-galactosidase-treated cheese

Sample Day ABTS (%) DPPH (%) FRAP (μmol/g)

Control cheese 0 10.26 ± 0.24a 42.63 ± 1.28b 112.16 ± 0.73c

10 10.95 ± 0.48a 41.30 ± 1.43b 113.02 ± 2.64c

20 13.21 ± 0.55a 40.99 ± 1.82b 116.20 ± 0.20c

30 13.88 ± 0.97a 36.33 ± 1.01b 119.29 ± 0.25c

Cheese from β-galactosidase-treated
milk

0 10.33 ± 0.19a 52.19 ± 1.25b 123.35 ± 0.21c

10 11.15 ± 1.07a 51.26 ± 1.68b 121.28 ± 1.76c

20 12.62 ± 0.60a 50.03 ± 0.34b 129.93 ± 1.46c

30 14.70 ± 0.51a 49.01 ± 1.99b 131.33 ± 1.43c

Samples were analyzed in triplicate. Values are calculated as mean ± SD. Values displayed by
different letters in the same row are significantly different (P < 0.05) from each other

3.3.4 Antioxidant Activity

Hydrophilic and lipophilic character of antioxidants can be measured by ABTS
radical scavenging activity. From Table 5, it can be noted that ABTS radical scav-
enging activity increased with increasing storage time. Almost similar results were
found between enzyme-treated and untreated cheese. Hydrogen donating activity
was measured by DPPH radical scavenging activity. Enzyme-treated cheese showed
higher ABTS and DPPH activity than untreated one. But with increasing storage
duration, the activity increased.

Always full-fat cheese shows higher FRAP values than low-fat cheese. In this
study, full-fat milk was used for cheese production. A slight increase in FRAP
value was observed in cheese from β-galactosidase-treated milk after 30 days under
4 °C storage condition. Antioxidant activity of lactose-free cheese as obtained in the
present study had not been reported in the literature.

3.3.5 Microbial Load Analysis

Almost similar result was achieved for the both cheeses. Table 6 showed that control
cheese had slight higher colony count than cheese from β-galactosidase-treated milk
after 30 days of storage condition within standard value. According to Sharma
et al. (2018), microbiological load of cottage cheese produced with kiwi fruit was
raised with increasing storage duration, which corroborates the present observation.
According to Haddad and Yamini (2017), standard plate count was average 8.3 cfu/g
of different traditionally produced soft cheese of Jordan.
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Table 6 Microbial load at storage condition in control cheese and cheese from β-galactosidase-
treated milk

Microorganism Day 0 Day 10 Day 20 Day 30

CC BTC CC BTC CC BTC CC BTC

Standard plate count (log cfu/g) 8.92 8.41 9.46 8.62 10.19 9.29 10.66 9.60

Lactic acid bacteria (log cfu/g) 8.12 8.39 8.62 8.14 8.59 8.23 8.91 8.66

Yeast (log cfu/g) 2.66 2.29 2.82 3.16 3.21 4.21 4.72 4.33

Coliform (log cfu/g) 3.63 4.58 4.26 4.67 5.11 4.72 5.66 4.79

CC—control cheese, BTC—cheese from β-galactosidase treated milk

4 Conclusion

From the present results, it can be concluded that Enterobacter aerogenes st
KCTC2190 is a potent producer of β-galactosidase and this enzyme can be used to
degrade the lactose content of dairy food products. Partial purification is an impor-
tant aspect in improving the activity of crude enzyme for a better yield of mono
sugar from lactose. Enzymatic hydrolysis of cheese with β-galactosidase decreases
the hardness of cheese by degrading the lactose content. The ability of this enzyme
in reducing lactose percentage enhances its acceptability in the food industry.
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Fungal Production of Single Cell Oil
Using Defatted Oilseed Meals
as Feedstock
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Abstract In the present study, the production of single cell oil by three soil isolated
strains ofAspergillus sp. was investigated in various basal lipid productionmedia and
by adding defatted oilseed (flaxseed, mustard, and rice bran) meal as supplements.
Microorganisms were identified after screening from rice bran oil industry-drained
soil, and their growth and lipid production rate were investigated in various fermen-
tation media. The organisms were incubated with various oilseed cakes for higher
oleic acid (18:1) and linoleic acid (18:2) contents. Growth and lipid production were
monitored for 10 days, in which the 7th day showed optimum results. An increase in
lipid yield from 24 to 55% was observed when supplemented with defatted oilseed
meals. The maximum lipid content was observed in potato dextrose medium when
the microorganism was supplemented with 3% flaxseed meal for 7 days. Gas chro-
matography (GC) analysis showed that the major fatty acids produced were palmitic
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1 Introduction

Single cell oils (SCOs) are oils produced from oleaginous microorganisms. Such
microbes have the ability to utilize carbon, nitrogen, and other nutrients present in the
medium and transform them into oils, accumulated into their cell membrane. SCOs
having different fatty acid compositions from plant seed oils and fish oils, which are
valuable for human life (Sakuradani 2010). The microorganisms such as bacteria,
yeasts, molds, and microalgae that accumulate more than 25% of their biomass as
microbial oil are generally termed as oleaginous due to the similarity of their oils
in fatty acid composition to vegetable oil (Bayizit et al. 2014). Recently, published
studies reported that lignocellulose biomass could be bioconverted into lipids by
oleaginous microorganisms (Qiao et al. 2018). Lignocellulosic feedstocks such as
rice straw, husks,wheat straw, sugarcane bagasse,molasses, oil cakes, and corn stover
are some of such well-recognized substrates that have already proved their worth in
industrial-scale production of several contemporary microbial products (Diwan et al.
2018).

The biotechnology industry has also focused on the ability of oleaginous fungi
to convert agricultural waste streams and residues into specialty lipids containing
polyunsaturated fatty acids of nutraceutical and pharmaceutical importance, such
as γ-linolenic acid (Chan et al. 2018). Linoleic acid has effects on mitochondria,
cancer, and aging (Eldor 2018). Although vegetable oils such as virgin olive oil and
safflower oil contain edible oleic acid and linoleic acid, by breeding of an oleaginous
fungus, it is expected to stably supply fermented microbial oils and to develop new
functional lipids using these breeding fungi (Sakamoto et al. 2017).

2 Materials and Methods

2.1 Materials

All chemicals used were analytical grade, purchased from Merck. FAME standard
was purchased from Supelco.

2.2 Collection of Soil

Soil sample was collected from drained waste of rice bran oil industry situated in
Saktigarh, Burdwan and stored at 4 °C under refrigeration immediately until use.
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2.3 Screening and Isolation of Oleaginous Fungi

Oleaginous fungi were isolated from the collected soil sample by serial dilution
using 0.9% sterile saline water and plating in potato dextrose agar (PDA) medium
and incubated at 28 °C for 2–4 days. The isolated colonies were further screened for
their lipid producing abilities by qualitative analysis with the Sudan Black B staining
technique (Thakur et al. 1988).

2.4 Identification of Fungi

Fungal strains were identified by 18s rDNA amplification followed by denaturation,
annealing, and extension by Bio Axis DNA Research Centre (P) Ltd., Hyderabad.

2.5 Preparation of Oilseed Meals

About 25 g of each flaxseed, black mustard seed, and rice bran were collected from
the market and dried to reduce the moisture content and subjected to oil extraction
by Soxhlet after grinding.

2.6 Proximate Composition of the Meals

Proximate composition of the deoiledmeals, such asmoisture, carbohydrate, protein,
ash, and fiber, was determined by standard AOAC methods (2000).

2.7 Inoculation of Filamentous Fungi in Fermentation
Media for Oil Production

The activated seed cultures of oleaginous fungi were transferred into preculture
medium consisted of (in g/L): glucose 30 g, peptone 5 g, yeast extract 5 g with initial
pH of 5.0 and grown at 28 °C for 2–3 days. Ten percent of precultures were added
to two different fermentation media for determination of highest growth and lipid
production. Medium I contained (in g/L): glucose 50 g, (NH4)2SO4 3 g, KH2PO4

0.8 g, K2HPO4 0.2 g, MgSO4, 7H2O 0.5 g and Medium II contained 100 mL of
potato dextrose broth. The fermentation media were incubated at 28 °C and biomass
growth and lipid production were measured for 10 days. In another experiment, 1, 2,



54 R. Dutta et al.

and 3% each of deoiled flaxseed meal, mustard meal, and rice bran meal were added
to medium II as supplementation for biomass growth and lipid production.

2.8 Fungal Dry Mass Determination

The biomasses from all the experimental media were harvested by filtering and then
freeze-dried (Eyela FDU-1110, Japan) to constantmass andweighted dry cellweight.
The amount of biomass yield with respect to the substrate consumption, in the term
of, growth yield efficiency, YX/C, is calculated using Eq. 1.

YX/C = X

(Ci−Cf)
(1)

Biomass yield with respect to carbon substrate consumed, g biomass/g substrate;
where, X, fungal biomass yield at time t, g/L; Ci, initial carbon substrate concentra-
tion, g/L; and Cf, carbon substrate concentration after fermentation, g/L.

2.9 Residual Glucose Analysis

Residual glucose present in the media after fermentation was analyzed using the
DNS method (Miller 1959).

2.10 Extraction of Lipid Compounds from Fungal Dried
Biomass

Thedried fungal biomasseswere subjected to lipid extraction according to themethod
described by Bligh and Dyer (1959) with methanol, water, and chloroform in a ratio
of 2:1:1. The lipid content in biomass, in the term of SCO productivity, YL/X , was
calculated using Eq. 2.

YL/X = Lmax

X
(2)

where Lmax is maximum lipid yield, g/L, and X is biomass yield corresponding to
the maximum lipid yield, g/L.

The lipid yield with respect to carbon substrate consumption, YL/C , was calculated
using Eq. 3.
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YL/C = Lmax

(Ci−Cf)
(3)

Every fungal oil sample was methylesterified according to the method described
byMetcalfe andSchmitz (1961) to evaluate the content and composition of fatty acids
by gas chromatography with mass spectrometry (GC–MS) and gas chromatography
with flame ionized detector (GC–FID).

2.11 Determination of Fatty Acid Composition of Oil
Extracted from Fungal Biomass

FAMEwas analyzed by an Agilent 6890 N; J&W Scientific, computerized gas chro-
matograph (network GC system—G1530 N), fitted with a DB-wax capillary column
(30 m × 0.32 mM × 0.25 mM) and a flame ionization detector. Fatty acids were
identified using Supelco FAME-35 mix standard. For mass spectrometry, an Agilent
7890A gas chromatograph was used and fitted with HP-5 capillary column (30 m×
250 mM × 0.25 mM) with mass detector.

3 Results and Discussion

3.1 Isolation and Identification of the Fungal Strain

Three fungal strains (designated primarily as fungus 1, 2, and 3) were isolated from
the soil and identified.

The molecular analysis of fungus 1 shows 100% identity to Aspergillus hetero-
morphusCBS 117.55, fungus 2 shows 100% identity toAspergillus niger st YLAC-69,
and fungus 3 shows 100% identity to Aspergillus fumigatus st SZJO1.

3.2 Variation of the Culture Medium for Growth and Lipid
Production by the Fungi

Biomass growth and lipid production were measured in both media (medium I and
II) without any supplementation. The results are illustrated in Table 1.

All three Aspergillus sp. strains produced oils in both media. A. niger, A. hetero-
morphus, and A. fumigatus produced 0.96 g/L, 0.77 g/L, and 1.01 g/L oil from
5.23 g/L, 4.59 g/L, and 5.61 g/L biomass respectively in medium I. Growth and
production rate of these fungi were increased in medium II, where 8.96, 6.29, and
7.20 g/L biomass were produced, and from them, 2.15, 1.33, and 1.64 g/L lipid were
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Table 1 Biomass and lipid production in various media by the fungi

Fungus Medium I Medium II

Biomass
(g/L)

Lipid yield
(g/L)

Lipid
content (%)

Biomass
(g/L)

Lipid yield
(g/L)

Lipid
content (%)

A. niger 5.23 ± 0.6 0.96 ± 0.02 18.37 ± 1.2 8.96 ± 0.7 2.15 ± 0.1 24 ± 0.03

A.
heteromorphus

4.59 ± 0.2 0.77 ± 0.01 16.91 ± 0.9 6.29 ± 0.4 1.33 ± 0.1 21.2 ± 0.02

A. fumigatus 5.61 ± 0.7 1.01 ± 0.04 18.02 ± 1.5 7.20 ± 0.8 1.64 ± 0.2 22.9 ± 0.02

Values are calculated as mean ± SD (n = 3)

extracted. Though oil was produced in both media, the isolated fungi showed their
oleaginous property (production of >20% lipid) in only medium II, as highest utiliza-
tion and conversion of glucose to lipids were found in the PDmedium. Similar result
was found in a study, where various filamentous fungi were incubated in five different
culture media including PD broth, Czapek–Doxmedium and yeast extract, molasses,
andwheat bran addedwith PDbrothmedium. It was found that PDbrothmediumwas
the highest biomass and lipid-producing medium for Trichoderma viride NRC 314
(Ali and El-Ghonemy, 2014). As PD medium (medium II) showed highest biomass
and lipid production, further study was carried out in this culture media.

3.3 Fatty Acid Analysis of Oil Produced in Different Culture
Media

Analysis of the methyl esters (FAME) of oils extracted from dried biomass produced
by the fungi in both media (medium I and II) was done by GC–MS. The results are
given in Table 2. It showed a distinctive feature of these fungi. All cultures produced
similar kind of fatty acid profile in both media. They mainly contained palmitic

Table 2 Fatty acid composition of oil produced in different fermentation media

Fermentation
medium

Fungus Fatty acid profile (%)

16:0 18:0 18:1 18:2 18:3

Medium I A. niger 19.88 ± 0.1 20.86 ± 0.3 39.76 ± 0.6 19.46 ± 0.2 –

A.
heteromorphus

35.91 ± 0.5 11.00 ± 0.3 23.05 ± 0.5 29.72 ± 0.5 –

A. fumigatus 36.78 ± 0.5 15.54 ± 0.4 21.09 ± 0.2 22.63 ± 0.3 3.69 ± 0.1

Medium II A. niger 24.75 ± 0.2 5.56 ± 0.1 34.31 ± 0.7 33.56 ± 0.6 1.80 ± 0

A.
heteromorphus

21.87 ± 0.4 4.84 ± 0.1 41.68 ± 0.9 31.59 ± 0.2 –

A. fumigatus 38.72 ± 0.7 4.71 ± 0 41.56 ± 0.7 14.29 ± 0.1 0.70 ± 0

Values are calculated as mean ± SD (n = 3)
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(16:0), stearic (18:0), oleic (18:1), linoleic (18:2), and some amounts of linolenic
(18:3) acid.

As the nitrogen, mineral sources, and nutrient content varied, they trigger the
production of fatty acids in various percentages. The result showed that medium
I helped to produce oleic acid in A. niger, whereas, more amount of palmitic and
linoleic acids were found in A. heteromorphus and A. fumigatus and Medium II
produced highest amount of oleic acid in A. heteromorphus and A. fumigatus and a
little amount of linolenic acid was produced in A. niger. But the most common and
abundant fatty acids extracted were palmitic (C16:0), stearic (C18:0), oleic (C18:1),
and linoleic (C18:2), which often corresponded to 95% of the Aspergillus sp. total
FA content (Fraga et al. 2008). These fatty acid profiles can be used as reliable
biomarkers for these cultures (Devi et al. 2006).

3.4 Effect of Incubation Time on Biomass and Lipid
Production by the Fungal Isolates

It was observed that both biomass production and their corresponding lipid produc-
tion increased simultaneously up to the 7th day of incubation and then went lower
as day passed, whereas glucose exhaust day by day for lipid production. After 7th
day, glucose concentration in the media became limited, resulting in deterioration in
biomass and lipid production. Similar kind of growth curve was noted in Aspergillus
oryzae on PDA, having optimal harvesting time of 5 days (Pinasthika et al. 2018)
(Table 3).

3.5 Growth and Lipid Production by the Isolated Fungus

The growth yield efficiency, lipid productivity, and lipid coefficient with their
corresponding sugar consumption by the fungus are shown in Table 4.

The YL/C values of the fungi were ranging from 6 to 11 g lipids/100 g of glucose
consumed. In a similar study, YL/C values of fungal isolates were ranged from 4.7
to 14.0 g lipids/100 g of glucose consumed. The higher YL/C values demonstrate the
higher substrate conversion efficiency of the isolated oleaginous fungi (Muniraj et al.
2017).

3.6 Proximate Analysis of Defatted Oilseed Meal

Total carbohydrate, crude protein, moisture content, ash, and fiber content were
measured after total extraction of oil from flaxseed, black mustard seed, and rice
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Table 4 Characterization of the fungal isolates grown on medium II

Fungus (YL/X ) g/g Sugar consumed (g/L) (YX/C) g/g (YL/C) g/g

A. niger 0.24 ± 0.03 16.17 ± 1.2 0.55 ± 0.02 0.13 ± 0.01

A. heteromorphus 0.21 ± 0.02 13.25 ± 1.5 0.47 ± 0.01 0.10 ± 0

A. fumigatus 0.22 ± 0.02 15.69 ± 1.0 0.45 ± 0.01 0.10 ± 0

Values are calculated as mean ± SD (n = 3)

Table 5 Proximate composition of defatted seed meal

Seed meal Carbohydrate (%) Protein (%) Moisture (%) Ash (%) Fiber (%)

Flaxseed meal 29.78 ± 2.3 28.27 ± 1.7 12.70 ± 2.6 3.2 ± 0.9 6.4 ± 1.7

Mustard meal 18.39 ± 1.8 31.46 ± 3.4 7.2 ± 1.1 8.6 ± 1.0 9.8 ± 1.2

Rice bran meal 47.1 ± 4.1 17.8 ± 1.2 8.3 ± 1.4 11.7 ± 2.1 13.2 ± 2.8

Values are calculated as mean ± SD (n = 3)

bran, which were brought from the local market. Percentages of these compositions
are illustrated in Table 5.

From the proximate analysis experiment, it was observed that defatted flaxseed
meal contained 28.27% protein along with 6.4% fiber, 3.2% ash, and 12.7% mois-
ture contents. Similar result containing 27.78% protein, 7.20% fiber, 3.4% ash, and
10.65%moisture was reported byGutiérrez et al. (2010). It was observed that deoiled
mustard meal contained high protein (31.46%) and fiber (9.8%). Higher protein
(41.03%), carbohydrate (32.73%), and ash (10.23%) contents, with similar moisture
(8.07%) and fiber (10.63%) contents to our result, were reported by Bandikari et al.
(2017). Deoiled rice bran meal composed of high amount of carbohydrate (47.1%)
and fiber (13.2%) along with 17.8% protein, 11.7% ash, and 8.3% moisture content.
A study reported similar fiber (13.1%) and ash (11.6%) with higher carbohydrate
(61.46%) and lower protein content (13.8%) than our study (Kumari et al. 2018).

3.7 Effect of Seed Meal Supplementation on Lipid Production

Lipid production was measured by adding various concentrations (1, 2, and 3%)
of supplements (deoiled seed meals) to the PD media. It was observed that the oil
production by the fungus increased up to 50–55% than in control media (22–24%),
when supplements were added to the media. The highest SCO production by A. niger
was found to be 55% when 3% deoiled flaxseed meal was added. The biomass, lipid
yield, and productivity of oil by the fungi are given in Table 6. A. heteromorphus
and A. fumigatus showed higher biomass production, respectively, 12.03 g/L and
15.30 g/L and lipid production, respectively, 35.9 and 44.9% in supplementedmedia.

Mustard meal showed maximum 33–36% lipid production, with the highest
biomass production being 9.43, 9.00, and 15.20 g/L in A. niger, A. heteromorphus,
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Table 6 Biomass, oil content, and oil productivity by the fungus with meal supplements

Supplements Fungus Meal added
(%)

Biomass
weight (g/L)

Oil content
(g/L)

SCO (%)

Deoiled
flaxseed meal

A. niger 1 11.80 ± 0.9 5.90 ± 0.3 50.0 ± 2.2

2 14.80 ± 1.2 7.99 ± 0.7 53.9 ± 2.6

3 17.00 ± 1.7 9.35 ± 0.9 55.0 ± 2.9

A.
heteromorphus

1 8.40 ± 0.5 2.10 ± 0.1 25.0 ± 1.7

2 9.50 ± 0.3 2.85 ± 0.1 30.0 ± 1.2

3 10.6 ± 1.1 3.49 ± 0.2 33.0 ± 2.2

A. fumigatus 1 9.27 ± 0.8 3.05 ± 0.1 32.9 ± 1.9

2 12.40 ± 1.6 4.96 ± 0.3 40.0 ± 2.1

3 15.30 ± 1.5 6.42 ± 0.3 41.9 ± 1.3

Deoiled
mustard meal

A. niger 1 5.23 ± 0.4 1.56 ± 0.1 29.8 ± 1.1

2 7.98 ± 0.4 2.55 ± 0.1 31.9 ± 1.0

3 9.43 ± 0.8 3.21 ± 0.1 34.0 ± 1.5

A.
heteromorphus

1 8.21 ± 0.4 2.47 ± 0.1 30.1 ± 1.1

2 9.00 ± 0.7 2.88 ± 0.1 32.0 ± 1.4

3 9.48 ± 0.7 3.21 ± 0.1 33.9 ± 1.6

A. fumigatus 1 8.95 ± 0.8 2.80 ± 0.1 31.3 ± 1.1

2 10.78 ± 1.1 3.66 ± 0.2 33.9 ± 2.0

3 15.20 ± 1.7 5.62 ± 0.4 36.9 ± 2.0

Deoiled rice
bran meal

A. niger 1 11.90 ± 1.1 4.99 ± 0.3 41.9 ± 1.8

2 15.01 ± 1.8 6.46 ± 0.7 43.1 ± 2.7

3 16.82 ± 1.1 7.55 ± 0.5 44.9 ± 1.3

A.
heteromorphus

1 11.21 ± 0.4 3.87 ± 0.1 34.6 ± 2.0

2 11.94 ± 0.3 4.19 ± 0.1 35.1 ± 2.2

3 12.03 ± 0.4 4.31 ± 0.2 35.9 ± 1.9

A. fumigatus 1 10.41 ± 0.9 4.56 ± 0.2 43.9 ± 1.1

2 13.24 ± 1.4 5.86 ± 0.7 44.3 ± 2.1

3 12.59 ± 1.2 5.65 ± 0.5 44.9 ± 1.9

Values are calculated as mean ± SD (n = 3)

and A. fumigatus, respectively. It was observed that the fungus utilized rice bran
meal better than mustard meal. They accumulate 45–47% lipid in their biomass. The
highest biomass production was measured to be 15.01 g/L, 6.94 g/L, and 13.24 g/L
in A. niger, A. heteromorphus, and A. fumigatus respectively. Another study reported
the production of 9.2% lipid from 13.6 g/L of biomass in A. fumigatus and 17.9%
lipid from 14 g/L biomass in A. niger (Ali and El-Ghonemy 2014) similar to our
study.
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3.8 Analysis of Fatty Acids

Lipids extracted from the biomass were analyzed by gas chromatography (GC–FID).
The retention time of the fatty acids identified showed perfect similaritywith previous
GC–MS data of this study. Fatty acid contents and their ratios are shown in Table 7.

Linolenic acidwas produced in a variety of range butmaximum13%was observed
in 3% flaxseed meal media in A. niger. Highest linoleic content (48.57%) was found
in added flaxseed meal medium, whereas rice bran meal supplementation enhanced
the stearic acid percentage (19.88%) in the oils produced by the fungus. The oils
produced by the fungi were more or less similar to rice bran oil in their fatty acid
composition.

Ratio of total polyunsaturated fatty acids (PUFA; 18:2+ 18:3), monounsaturated
fatty acids (MUFA; 18:1), and saturated fatty acids (SFA; 16:0+ 18:0)was calculated
and observed that it is similar to the balanced diet ratio as suggested by all dietetic
associations, which is 1:1:1.

Yao et al. (2019) showed the relationship between lipid productivity and different
organic carbon and nitrogen sources. They showed that soybean meal was the
best nitrogen source for Mortierella alpine TSM-3, producing 16.60 g/L biomass
containing 23.68% total fatty acids when glucose was used as the only carbon source.
High protein content of flaxseed, mustard, and rice bran meal supplements the media
with rich nutrients. The effect is reflected in the fatty acid composition of the oil.
High linoleic content of flaxseed may have an influence on the fungus to produce
higher linoleic acid in the oils.

4 Conclusion

In this study,Aspergillus sp produced oils in various lipid-producingmedia. The fatty
acid content of all oils in all media remained same, which is a remarkable finding for
assuring that these fatty acids are biomarkers for these three Aspergillus strains. The
oil produced by the fungi contained high amounts of oleic and linoleic acids. High
oleic content gives a beneficial effect. Better production of oil with better fatty acid
composition was shown in meal-supplemented media. Hence, it can be concluded
that defatted seed meals helped the isolates to improve both the quality and quantity
of oil production. The oils have an ideal PUFA, MUFA, and SFA ratio of 1:1:1.
These oils have nutritional significance and resemblance with vegetable oils. So, if
refining and toxicity checking are done, then the oils can be used as better substitute
for cooking oil.
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Synergistic Effect of Quercetin
with Allicin from the Ethanolic Extract
of Allium cepa as a Potent AntiQuorum
Sensing and Anti-Biofilm Agent Against
Oral Biofilm

Dibyajit Lahiri, Moupriya Nag, Bandita Dutta, Sudipta Dash,
Shreyasi Ghosh, and Rina Rani Ray

Abstract The organism predominantly obtained from the oral biofilm was iden-
tified as Bacillus cereus which was observed to one of the root causes of pharyn-
geal infections. It was found that when the biofilm was treated with 16 * MIC
(2.24 ± 0.12 µg/mL) there was an eradication of 62.78 ± 1.26% when treated with
the ethanolic extract ofAllium cepa as compared to 41.12± 0.98%when treated with
antibiotic azithromycin. The in silico studies of identified bioactive compounds from
the extracts depicting the synergism of the above two phytocompounds on the target
biofilm-forming protein. The binding energy of synergistic interaction was found to
be−33.521 kcal/mol, whereas antibiotic showed a value of−27.568 kcal/mol which
in turn implied that through synergism a better antibiofilm activity could be obtained
on B. cereus. It was observed that the viability of bacterial cells showed a marked
reduction of 9.3%when challenged with 16 *MIC of ethanolic extract of A. cepa for
a time period of 0–48 h with respect to control and standard antibiotic Azithromycin.
The quantification of individual components of extracellular carbohydrates, proteins
and nucleic acids showed maximum reduction in presence of ethanolic extract of
A. cepa. Comparative quantification of the total concentration of bacterial genomic
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DNA and RNA showed maximum reduction in the presence of phytoextract. Thus
this study clearly indicated by utilizing the synergistic properties of bioactive compo-
nents of A. cepa, an effective substitute for conventional antibiotics can be developed
which can be used for treatment against the biofilm-associated infections.

Keywords Biofilm · Quercetin · Allicin · Antibiofilm · Azithromycin

1 Introduction

Rapid use of antibiotics over various bacteria influenced the development of
antibiotic-resistant strains of bacteria leading to a new threat to human health. One of
the major reasons for this resistance is the formation of biofilms by microorganisms.
Biofilms are a coherent cluster of bacterial cells embedded in a matrix known as
extra polymeric substances (EPS), which is more tolerant of most antimicrobials and
host defences compared with planktonic bacterial cells (Waters and Bassler 2005)
This development of EPS makes the biofilm impermeable to antibiotics and drugs
resulting in the development of multidrug-resistant organisms (Olson et al. 2002).
Bacterial growth is characterized by two phenotypes, single cells (planktonic) or
sessile aggregates responsible for the biofilm mode of growth (Nazzaro et al. 2013).
Recently, it has been observed that throat infections are becoming more resistant
to antibiotic treatment leading to failure in eradicating the diseases such as chronic
rhinosinusitis [CRS], chronic otitis media [COM] and otitis media with effusion
[OME] (Vlastarakos et al. 2007). Thus, treatment of these bacterial infections has
become indispensable by application of more than one conventional drug or higher
concentrations of the drugs.But this has its ownflaws. First of all, synthetic antibiotics
or antimicrobial agents are generally narrow spectrum in nature. Secondly, increase
in concentration may cause severe health threat by serious side effects. Hence, there
is a need of an alternative method and development of modern drugs that can deal
with infections efficiently by not increasing the resistivity of the bacteria.

Fortunately, it has been seen that the traditional medicinal plants having a wide
range of bioactive compounds such as alkaloids, terpenoids, saponin, quercetin,
anthocyanin, flavonoids and essential oils can effectively treat the bacterial infection
(Sánchez et al. 2016). Moreover, these herbal treatments, unlike synthetic medicines,
do not cause severe health threat. The current project was performed as a compara-
tive analysis to study the efficacy of Allium cepa, extracts and the common antibi-
otics (Azithromycin) used in throat infection treatment with an objective to find out
whether plant extracts can be a potential alternative to the selected antibiotic for
throat infection and a solution to fight the formation of bacterial biofilms.
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2 Materials and Methods

2.1 Microorganism

The biofilm-forming bacterial strain was collected from infected throat and was
cultivated in LB broth at 37 °C for 24 h. Characterization of the isolated organism
was done by performing 16S rRNA sequencing.

2.2 Preparation of Plant Extract

The ethanolic extract of the plant A. cepa (onion) was prepared by mixing 8 gm of
pulverized rhizome of the plant with 8 ml of 30% ethanol, followed by a treatment
with 700 µL of 80% H2SO4. After 24 h, the sample was filtered out using cotton
gauge filter and the filtrate was stored at 0–4 °C.

2.3 Biochemical Assay of Plant Extract

Biochemical assays of ethanolic extract of A. cepa were done for estimating total
flavonoid, total phenol, hydroxyl scavenging and hydrogen peroxide scavenging
activity (Debiyi and Sofowora 1978; Roopashree et al. 2008).

2.4 Minimum Inhibitory Concentration (MIC) and MBEC
Assay by Crystal Violet Method

The bactericidal and bacteriostatic effects of the bioactive compounds of A. cepa
(Onion) were detected on LB Agar spread plates for the strain of Bacillus cereus
using Azithromycin as standard antibiotic (Tang et al. 2011).

The antibiofilm effect of the ethanolic extract of A. cepa on B. cereuswas checked
by microdilution method where bacterial cells (1× 106 CFU/ml) were grown on the
wells (96 well-plate) leaving the control at 37 °C for 72 h to allow the formation
of biofilm (Tang et al. 2011). Diluted plant extract or antibiotic (Azithromycin)
were addedwith 3-[4,5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-tetrazoliumbromide
(MTT dye) to quantify the viability of the bacterial cells in the presence of the
challenge using ELISA plate reader (2018 GEN-NET). The percentage inhibition
was determined using the following equation:

[1-(A570 of the test/A570 of non-treated control) × 100] (Gomes et al. 2012)
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2.5 Phenol Coefficient

The phenol coefficient was measured spectrophotometrically at 540 nm by treating
the culture of B. cereus with 5 mL of ethanolic extract of A. cepa and phenol for
different time periods (Eliasa et al. 2013).

2.6 Study of the Quorum Sensing of the Isolated Bacteria
from Throat

The supernatant of bacterial culture broth filtered through 0.2 µm membrane filter
was mixed with ethyl acetate and shaken for 10 min for phase separation. The upper
part of the solution was mixed with 1:1 mixture of 2 M hydroxyl amine and 3.5 M
NaOHand laterwith 10µl of 1:1 Ferric Chloride and 95%ethanol. ODwasmeasured
at 520 nm (Yang et al. 2006).

2.7 Determination of Viability Count of the Biofilm Forming
Isolated Bacterial Cells

The colonies ofworking strainswere scrapped from the biofilm formed on the surface
of chitin flakes and were inoculated in LB broth having 0.1% (W/V) of chitin flakes
to re-grow for a period of 72 h. After adequate washing, the planktonic cells were
removed and the cultures of theworking strainswere treatedwith the required concen-
tration of ethanolic extract of A. cepa and standard antibiotic Azithromycin in three
different flasks and the data were noted in 2–24 h of time challenge (Gomes et al.
2012).

2.8 Scanning Electron Microscopy (SEM)

Biofilms were grown on glass coverslips by the treated and untreated cultures
of isolated bacteria from throat. The effect of plant extract on biofilm formation
was visualized under a scanning electron microscope (Model-ZEISS EVO-MA 10)
(Andersson et al. 2009; Singh et al. 2013).
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2.9 Fluorescence Confocal Microscopy

The biofilm formation in the presence and absence of extract of A. cepa and
Azithromycinwere observed by fluorescencemicroscopy. The biofilmwas formed on
glass slides for a period of 72 h, and then the sampleswere challengedwith the extract
for 2 h keeping the control untreated. Then the samples were treated with 10 mg/mL
of acridine orange solution and were incubated at 37 °C for 1 h. Stained cells were
observed using an Axioplant Fluorecence Microscope equipped with digital camera
(d × m 1200, Nikon, Japan).

2.10 FTIR Analysis of Biofilm Formation

Biofilm was formed upon Chitin flakes for a period of 72 h at 37 °C, and chal-
lenged with plant extract and kept for drying at 37 °C for 48 h. The FTIR
spectra were recorded in the range of 450–4000 cm−1 using Spectrum 100 FTIR
Spectrophotometer.

2.11 GC–MS Analysis

The study ofGasChromatography–Mass Spectrometry is the process of optimization
that includes the process of introducing the plant extract into the column followed by
the separation of the constituents being present and the target molecules are analyzed
including the process of Mass Spectrometry. The chromatographic analysis of the
methanolic extract of the A. cepa was done using GC Model—Trace GC Ultra,
MSmodel—POLARISQ (Thermoscientific). The data obtained were searched using
NIST Library. The spectra formed as a result of GC-MS were linked with their
existing library.

2.12 Protein Structure Preparation and Ligand Search
from Online Database

Bioactive compounds from A. cepa, i.e. allicin and quercitin were found from
PubChem Database (Morris et al. 1998). Molecular docking studies were carried
out to elucidate the interaction of allicin and quercitin with biofilm-forming protein.
3-D atomic co-ordinate of the protein is not available in the protein data bank (PDB)
so homology modelling and fold recognition was employed to model the protein.
Protein intimin from E coli. was found to have maximum sequence identity. So, the
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structure of intimin has been used as a template to model the structure of biofilm-
forming protein using SWISS-MODEL online server. PHYRE2 online server has
been used to model protein structure using fold recognition. The best models were
further used in the docking study.

2.13 Protein-Ligand Docking Using Schrodinger

2.13.1 Ligand Docking

The docking calculations were performed with Schrödinger 2015 suite of softwares.
All non-bonded heteroatoms andwatermoleculeswere removed and hydrogen bonds
were added to optimize the structure. The biofilm protein grid file and quercetin were
docked using Glide standard precision. This docked structure was again used as the
receptor grid file and allicin was docked to understand the synergistic mechanism of
binding. Glide score was used to infer the affinity and binding energy values (Guex
and Peitsch 1997).

2.14 Statistical Analysis

All the data were of sample size 5 and were represented as Mean ± SE.

3 Results and Discussion

3.1 Biochemical Estimation of Plant Compounds

3.1.1 Total Phenolic (TPC) and Flavonoid Content (TFC)

The total flavonoids and polyphenol content of A. cepa extract were determined
using quercetin and gallic acid as standard samples by colorimetric assays (Fig. 1a).
The high flavonoid content (6.54 ± 0.02 µg/ml) and total polyphenol content
(102.819±0.05 µg/ml) of A. cepa indicated the antioxidant potential of the plant
extract (Fig. 1).

3.1.2 Hydrogen Peroxide and Hydroxyl Radical Scavenging Activity

Hydrogen peroxide activity and IC50 value of the extract of A. cepa compared to the
control Ascorbic acid revealed the fact that the efficacy of the plant extract was better
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Fig. 1 Total polyphenol content (TPC) and total flavonoid content (TFC) in A. cepa

Fig. 2 aHydroxyl radical scavenging activities ofA. cepa and the standard, ascorbic acid (AA). All
data expressed as mean±SE (n= 5). The data were statistically significant (P < 0.01). bHydrogen
peroxide scavenging activities of A. cepa and the standard, ascorbic acid (AA). All data expressed
as mean ±SE (n = 5). The data were statistically significant (P < 0.01)

than ascorbic acid, a standard antioxidant up to a concentration of 4 µg/ml of the
plant extract (Fig. 2). The effect of A. cepa on the inhibition of free radical-mediated
deoxyribose damage was assessed by means of the hydroxyl radical scavenging
assay. The IC50 value of the AC was almost that of standard, showing better ability
in hydroxyl radical scavenging up to a concentration of 6 µg/ml of the plant extract
(Fig. 2).

3.2 Minimum Biofilm Eradication Concentration

Although antibiotic and plant extracts showed inhibition of biofilm formation,
maximum inhibition of biofilm formation was brought about by the ethanolic extract
of A. cepa followed by azithromycin, respectively (Fig. 3).
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Fig. 3 Effect of treatment of A. cepa on the biofilm formation of B. cereus

Fig. 4 Effects of treatment with ethanolic extract of A. cepa on the quorum sensing activity of oral
isolates

3.3 Effect of Treatment on Quorum Sensing

Since quorum sensing (QS) used to play critical role in regulating biofilm formation,
the concentration of acyl homoserine lactone (AHL), the autoinducer molecule in
QS could be used as a marker. It was observed that there was a marked diminution
(around 50%) in the concentration of AHL in both the working strains after being
treated with extracts of A. cepa and azithromycin (Fig. 4). However, the extract of A.
cepawas found to be more effective than azithromycin in inhibiting AHL dependent
quorum sensing.

3.4 Effect of Treatment on Viability and Revival
of the Biofilm Forming Bacterial Cells

It was observed that the count of sessile bacterial cells from the biofilms of B. cereus,
treated with herbal compounds and antibiotics showed marked reduction with time.
This reductionwas higher in extract-treated cells than those of antibiotic-treated cells.
It was observed that the viability of bacterial cells showed amarked reduction of 9.3%
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Fig. 5 a The viability kinetics of the sessile group of oral isolate cells after treatment with ethanolic
extract of AC and azithromycin. b The kinetics of revival of treated cells of B. cereus

DA B C

Fig. 6 SEM images of biofilms developed by oral isolates. SEM images illustrating the effect of
A. cepa and azithromycin extract (1 mg/ml) on biofilm formation. a Normal chitin flakes without
any biofilm formation. b Biofilm established on chitin flakes by oral isolates. c Shrinkage of EPS
matrix of oral isolates due to the addition of plant extract of A. cepa. d Shrinkage of EPS matrix of
oral isolates due to the addition of plant extract of azithromycin

when challenged with 16 * MIC of ethanolic extract of A. cepa for a time period of
0–48 h with respect to control and standard antibiotic Azithromycin (Fig. 5b).

3.5 SEM Analysis

The topography of the biofilm developed by oral isolates and the effect of A. cepa
extract and azithromycin treatment on it was analyzed by SEM.Awell-grown biofilm
along with adhering bacterial cells were observed in controls (normal biofilm devel-
oped by bacterial isolate) in the SEM analysis, whereas dispersed bacterial cells were
observed in treated samples (Fig. 6).

3.6 Fluorescent Microscopy Analysis

Fluorescence microscopic observations provide useful information on biofilms. In
the control experiment, a thick coating of biofilms was detected in absence of plant
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a b c

Fig. 7 FCM images of bacterial biofilms grown in the absence and presence of A. cepa extract.
Fluorescence microscopic images of a Sessile form of B. cereus as control sample without A. cepa
extract, respectively b, c Sessile form of B. cereus in presence of A. cepa extract and azithromycin,
respectively

extract (Fig. 7a). As shown in Fig. 7b and c, treatment with 1 mg mL−1 of A. cepa
extract showed significant reduction in the microbial attachment to the glass surface
compared to controls.

3.7 FTIR Analysis

FTIR spectra of bacterial biofilm formed in presence and absence of ethanolic extract
of A. cepa are shown in Fig. 8, which showed peak at 1080, 1675, 2974, 3532 cm−1

that confirmed the presence of carboxylic group, C–H stretching of sugar molecules,
C–H functional groups and hydroxyl group, respectively. The absorption bands from
1668 to 1540 cm−1 corresponded to amide I and II in proteins. The bands at 830.65,
650.63 and700.51 cm−1 represent the presence of=CH in aromatic compounds in the
plant extract. The gradual decrease or disappearance of peaks revealed the reduction
of protein and carbohydrate content in the EPS of various bacteria when treated with
A. cepa and Azithromycin.

Fig. 8 FTIR spectrum of B. cereus biofilm in presence and absence of A. cepa and azithromycin
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Fig. 9 GC-MS Data for A. cepa

3.8 GC–MS Analysis

The mass spectrum of unknown component was compared with the spectrum of
the known component stored in the database of National Institute Standard and
Technology (NIST) library. Themass spectrometer analyzes the compounds eluted at
different times (retention time) to identify the nature and structure of the compounds.
The GC–MS study of the ethanolic extract of A. cepa had shown the presence of
essential bioactive compounds. Two such bioactive compounds viz. Quercetin and
Allicin were chosen for the synergistic effect on bacterial biofilm-forming protein
compared to antibiotic azithromycin (Fig. 9).

3.9 Molecular Docking Studies

3.9.1 Docking Between Biofilm Forming Protein and Bioactive
Compounds Present in A. cepa

Phytocompounds were synergistically docked in silico with the receptor proteins,
and docking sites were compared with antibiotics for its subsequent use as putative
drugs. The best-docked poses were selected based on the lowest energy and good
interaction to the active site residues via H-bonds, electrostatic interactions or pi-pi
interactions (Fig. 10; Table 1).
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Fig. 10 a shows the synergistic effect of Quercitin and allicin on the target biofilm-forming protein.
b shows the effect of Azithromycin on the biofilm-forming protein

Table 1 Synergistic docking of bioactive compounds Quercetin and Allicin showed the highest
binding energies (Kcal/mol) with comparison to antibiotic azithromycin while docking with
Receptor proteins of oral biofilm-forming bacteria

Ligands Gibbs free energy of docked ligand and biofilm-forming protein of oral
bacteria (ΔG)

Quercitin + allicin −33.521 kcal/mol

Azithromycin −27.568 kcal/mol

3.10 Conclusion

This study clearly indicated that the synergistic properties of bioactive components
like Allicin and Querecetin in A. cepa show a newer arena of drug development,
which could be used as an effective substitute for conventional antibiotics to target
against the biofilm-associated infections.
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Development of Micellized Antimicrobial
Thiosulfinate: A Contemporary Way
of Drug Stability Enhancement

Souptik Bhattacharya, Deepanjali Gupta, Dwaipayan Sen,
and Chiranjib Bhattacharjee

Abstract Over the past few decades, the development of bacterial resistance of
antibiotics and dose-related toxicity of modern aggressive antibiotics has attracted
attention to the dire need of newantibiotic discovery,which is efficient, cost-effective,
and biocompatible. The ancient Indian medicinal system (Ayurveda) provided
concepts of plant-based pharmacotherapy to treat infectious diseases. Medicinal
plant parts contain numerous types of nutraceutical phytochemicals like flavonoids,
phenols, thiosulfinate, quinones, alkaloids, terpenes, etc., which deliver signifi-
cant antimicrobial properties and are known to be effective, edible, and nontoxic
drugs. Their mode of action includes DNA inhibition, enzyme inactivation, cell
wall and membrane damage, protein misfolding, denaturation, etc. of microorgan-
isms. Several research works successfully demonstrated that these extracts are very
effective against a wide range of pathogens and multidrug resistant (MDR) bacteria
such as Methicillin-Resistant Staphylococcus aureus (MRSA), uropathogens, Kleb-
siella, Escherichia, etc. However, low extraction yield and unstable nature of phyto-
chemicals pose major constraints in their commercial utilization. Micellization
using biocompatible surfactants can be employed for enhanced drug delivery and
stability. Naturally derived plant compounds can provide useful and low-cost source
of antimicrobials to mitigate the challenges of drug discovery process required for
antimicrobial chemotherapy.
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1 Introduction

Despite the discovery of modern antibiotics, the resurgence of bacteria-mediated
infectious diseases continues to pose a threat toward human health due to bacterial
resistance toward antibiotics. This emerging trend is concerning and is considered by
theWorldHealth Organization (WHO) and among themost urgent issues worldwide.
This has directed present research trends toward alternative traditional medicines
based on combinational therapies. Approximately, 80% of the developing world
relies on medicines retrieved from medicinal plants as their primary health-care
method (Moslamy and Shahira 2018). Medicinal plants are less expensive, abun-
dant in bioactive compounds, safer to use in terms of side effects, and more readily
available in comparison to their synthetic counterparts. These bioactive phytochem-
icals include tannins, alkaloids, terpenoids, steroids, thiosulfinates, flavonoids, and
coumarins (Bhattacharya et al. 2019). These plant-based compounds are of partic-
ular clinical value as their bioactivity generally does not induce bacterial resistance.
The thiosulfinate allicin is a plant defensin mimetic compound present in Allium
sativum (garlic) extract, capable of high bacteriostatic properties. It is a major phar-
maceutically important phytochemical that is capable of several potential biological
activities including wide spectrum antibiotic action and synergy. However, the most
crucial issue with the compound is its stability. Biocompatible polymeric surfac-
tant system brings some advantages to the drug stability and delivery, particularly
for oral phytodrug delivery. Several nonionic surfactants/polymers like polyethy-
lene glycols (PEGs), polysorbate (tween), alkyl ethers, lauryl ether (Brij 30), etc.
are often used for medicinal purposes. They allow (1) the extraction, stabilization,
and delivery of poorly water-soluble drugs; (2) the targeting of drugs to specific
parts of the gastrointestinal tract (GI); (3) the transcytosis of drugs across the tight
intestinal barrier; and (4) the intracellular and transcellular delivery of large macro-
molecules (Grillo et al. 2018). Recently, this technique has been widely focused
worldwide for its superiority in increasing efficacy, specificity, tolerability, and ther-
apeutic index of corresponding drugs. Polymeric surfactant micelles (PSMs) have
gained ample attention as a delivery system for poorly water-soluble drugs. Due to
their nanoscopic size, PSM can obtain desirable biopharmaceutical and pharmacoki-
netic properties of drugs and enhance their bioavailability. In this present chapter, the
importance of plant-based antimicrobial phytodrug stabilization using micellization
and its bioprocessing development will be discussed (Sharmeen et al. 2018).

2 Challenges and Issues with Modern Antibiotics
and Bacterial Virulence

The indiscriminate usage of antibiotics has led to a situation of the limited effec-
tiveness of modern antibiotics. Multiple and total drug-resistant (MDR and TDR)
microbes have developed diverse methods to resist antibiotic actions. The chal-
lenges regarding infectious diseases are increasing the rate of human morbidity and
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mortality worldwide at an alarming rate. Bacteria often develop antibiotic-resistant
genes through spontaneous mutation, thereby enhancing their chances of survival
in unfavorable circumstances. These genes code for efflux pump activation that
dislodges antibiotics from the cells, inhibit permeability of antibiotics through the cell
membrane, and produce enzymes (e.g., β-lactamase) that nullify the action of antibi-
otics or revert the antibiotic target (Moslamy and Shahira 2018). Staphylococcus
aureus, a Gram-positive bacterial species became resistant to penicillin treatment
by developing penicillinase-type counter enzyme. Methicillin was introduced in the
defense against this challenge. However, methicillin-resistant S. aureus developed
extended-spectrum β-lactamases (ESBLs) to resist the modified β-lactams to render
it unable to bind adequately with its target. Klebsiella pneumonia, a Gram-negative
pathogen is the major cause of community-acquired infection, was found to have
genes like AmpC that encodes for β-lactamases, thus rendering it unresponsive to
wide-spectrum β-lactam drugs. The MDR strain of K. pneumonia is sensitive to
Colistin, an aggressive last-resort antibiotic. However, new mutant strain of Kleb-
siella is found to have mcr-1 gene that provides its enzymatic mechanism to resist
against Colistin, thereby making this particular strain Total Drug Resistant (TDR)
(Ankri et al. 1999). Such a significant rise of MDR and TDR strains necessitates
the discovery, design, and development of novel aggressive antibiotics. Dose-related
toxicity in juvenile and elderly population is a result of this new advancement. Fatal
situations are found commonly in terminal patients with end-of-life care facilities.
This present challenging scenario has uplifted the approach for holistic medicines or
complementary and alternative medicine (CAM).

3 Plant-Based Pharmacotherapy and Bioprocessing:
A Possible Solution

Plants remain a central source of drug to medical practices like Ayurveda (tradi-
tional Indian medicinal system). A recent report by the WHO indicated medic-
inal plants as one of the best potential sources of the novel drugs (Rao et al.
2006). Plant cell-based bioprocessing aims to produce phytochemicals with anti-
tumor, antiviral, hypoglycemic, anti-inflammatory, antiparasite, antimicrobial, and
immunomodulating properties. The detailed steps are presented in Fig. 1. Numerous
Indian medicinal plants used in folkloric medicine possess significant antimicrobial
properties against both Gram-positive and Gram-negative bacteria. Multiple studies
have reported that allicin from garlic possesses relatively high levels of antimicrobial
activity (Pool et al. 2006). Such plant-derived antimicrobials (PDAs) have particular
pharmaceutical value because bacterial virulence does not confer resistance against
PDAs.
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Fig. 1 Phytochemical drug bioprocessing steps

4 Advantages and Limitations of Herbal Drugs

The use of plant-derived drugs (PDD) for herbal medicine especially in the field of
countering bacterial pathogenesis is increasing worldwide. Phytomedicine demon-
strates promising results with lower dose-related toxicity and maximum effective-
ness. The past two decades have witnessed a tremendous surge in acceptance and
public interest in natural product therapies worldwide. The use of herbal remedies is
now becoming mainstream in Europe, North America, India, and Australia. This
can be attributed to the facts that PDD are cheap, have fewer side effects than
their synthetic analogs, environment-friendly, and act as an effective antioxidant
(Bhattacharya et al. 2019). Bioactive compounds in PDD such as tannins, alkaloids,
flavonoids, thiosulfinates, glycosides, etc. act as natural immunostimulants and are
known to provide nonspecific defense against pathogens. Sharmeen et al. tested 20
MDR strains of Klebshiella sp. against several aqueous herbal extracts and synthetic
antibiotics (Sharmeen et al. 2018). The strains were reported to be sensitive to three
herbal extracts while it developed resistance against 70% of the common antibi-
otics, though none of the strains was found to resistant against any of the herbal
extracts (Cui et al. 2009). Allicin is volatile and poorly soluble in aqueous solutions.
Allicin exhibits antimicrobial activity against a wide variety of microbes, including
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species of Escherichia, Salmonella, Klebsiella, Bacillus, and Clostridium. Antibac-
terial activity of allicin is due to the apparent inability of most bacteria to develop
resistance to it because the mode of action is completely different from that of other
antibiotic substances. Allicin acts by inhibiting the thiol-containing enzymes in the
microorganisms (Miron et al. 1998). However, there are several constraints in the
development of herbal drugs, the most significant of them being their nonspecific
mode of action and poor bioavailability. Moreover, most of the bioactive compounds
are highly unstable in nature, which makes the extraction process very complicated
and expensive. However, researchers are constantly stressing to develop advanced
techniques for stabilization, extraction, and sustained delivery of PDD for better
bioavailability.

5 Micellization: A Contemporary Way of Drug Stability
Enhancement

PDDs such as thiosulfinates, eugenol, essential oil, etc. are volatile and unstable in
nature. They are sparingly soluble in commonly accepted pharmaceutical solvents.
Therefore, one of the major challenges in the development of these herbal drugs
is to enhance their solubility, thereby facilitating their extraction process. The
earlier procedures applied to enhance drug stability and extractions were pH adjust-
ment, cosolvent addition, complexation, and surfactant addition. In aqueous solu-
tion, surfactant molecules above their critical micelle concentration (CMC) self-
assemble into nearly spherical clusters of micelles due to phase separation guided
by the hydrophilic heads and hydrophobic tail groups of the surfactant molecules
(Grillo et al. 2018). The hydrophobic micellar core provides an apt environment
for solubilization of the hydrophobic drug of interest, hence leading to entrapment
of drugs. The drug is incorporated into the micellar core employing noncovalent
bonds, which causes steric hindrance to the drug molecule. This phenomenon effec-
tively hinders the interaction of the PDDswith surrounding entities, thus augmenting
the drug’s pharmacokinetic and pharmacodynamic properties, thereby renders the
stability. When administered, the release of the entrapped drug occurs at the target
site through the dissolution of the micelle at the low intestinal pH (1.5–3). Curcumin,
a slightly water-soluble drug with very poor bioavailability was stabilized and solu-
bilized using a self-microemulsifying drug delivery system (SMEDDS). SMEDDS
was formulated by using a surfactant, cosurfactant, and an oil into which curcumin
was incorporated. The best result was obtained when SMEDDSwas formulated with
emulsifier OP and Cremophor EL as surfactant, cosurfactant PEG, and ethyl oleate
oil.With this SMEDDS formulation, curcuminwas reported to be stable for 3months
when stored at 4 °C (Akula et al. 2014).
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6 Recent Application: Micellization of Allicin in Tween 20

Allicin was self-micellized in the Tween 20 surfactant system to prevent the degra-
dation. The stabilization achieved at around 2 × CMC of Tween 20 (500 mg/L)
concentration. The short-term stability of allicin was studied over a period of 7 days.
Allicin was extracted in aqueous solution as mentioned elsewhere (Bhattacharya
et al. 2019) and self-micellized in the presence of Tween 20 and stored in refriger-
ator and room temperature during the time of the study. A second sample of extracted
allicin was also stored without surfactant. The concentration of allicin in these stored
samples was checked using the 4-merceptopyridine method (Miron et al. 1998). The
extracted allicin kept in presence of tween 20 at 4 °C was found to be stable up
to 74.22% of the initial concentration after the test duration where only allicin was
found degraded completely.

7 Conclusion

Herbal medicines have been recognized for their better therapeutic value as they have
fewer adverse effects as compared with modern medicines. MDR and TDRmicrobes
are a leading cause of human mortality in the modern world. Aggressive last-resort
antibiotics are the only option in these situations and can be fatal for infants, elderly,
immune-compromised and terminal patients. The drugs of Ayurveda origin had
shown promising effectiveness upon various infectious diseases and can be commer-
cialized in a better state with enhanced efficacy by incorporating in the modern engi-
neered carrier system. Micelle-based carrier system has achieved massive consider-
ation in the field of modern sustainable drug delivery process. Nonionic surfactants
(Tween 20) are often used in upstream and downstream processing of drug formu-
lation. They increase the stability, solubility, blood circulation, retention, bioavail-
ability, intestinal absorption, and percutaneous absorption of phytomedicines. In this
present investigation, the phytopharmaceutical allicin was self-micellized by tween
80 above its CMC concentration, and after 7 days, a significantly enhanced amount
of allicin (74.22%)was found stable than raw allicin. Application of this stabilization
method can be used during plant-based bioprocessing for production and commer-
cialization of similar phytopharmaceuticals such as flavonoids, phenols, quinones,
alkaloids, etc. This nontoxic, less expensive carrier system will fulfill the consumer
demands and compliance with herbal drugs.
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Production and Characterization
of Functional Lipid and Micronutrient
Rich Health Beneficial Mayonnaise

Satarupa Ghosh, D. K. Bhattacharyya, and Minakshi Ghosh

Abstract Thepresent study involved the productionofmayonnaise byusing abinary
blend of flaxseed oil and rice bran oil (1:1) as the oil phase. Lemon juice was used
instead of vinegar and egg yolk was used as an emulsifier. This study also included a
comparative analysis of antioxidant activity by DPPH test, FRAP, and ABTS assay
methods. Oxidative stability tests were based on acid value, peroxide value, TBA and
anisidine value, and phytochemical contents (total phenolic and flavonoid content).
Functional group detection (by FTIR analysis) of both sample mayonnaise (mayon-
naise made by binary oil blend) and market mayonnaise was made. Sample mayon-
naises were rich in both antioxidant and phytochemical content than market mayon-
naise. Both sample mayonnaise andmarket mayonnaise were oxidatively stable after
storage for one month at 15 °C temperatures in refrigerator.

Keywords Flaxseed oil · Rice bran oil · Antioxidant activity · Oxidative stability
test · FTIR analysis

1 Introduction

Mayonnaise is very popular emulsified product in all over the world. It was first
commercially produced in 1900s centuries in western countries and became very
popular in America since 1917 (Depree and Savage 2001). It is an oil in water emul-
sion and can be produced bymixture of different vegetable oils, egg yolk, vinegar, and
some spices. It consists of different phases: 70–80% oil (dispersed phase), vinegar
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(continuous phase), and egg yolk is used as an emulsifier (Li et al. 2014). Due to
high-fat content of mayonnaise, there is a greater chance for the development of
lipid oxidation. As a result, there is a possibility for the production of toxic chemi-
cals and undesirable off-flavor and it decreases the shelf life of mayonnaise. One of
the most common ways to retard lipid oxidation is the addition of antioxidants. In
market mayonnaise, different types of synthetic antioxidants like butylated hydroxy
anisole (BHA), ethylene diamine tetraacetic acid (EDTA), and butylated hydroxyl
toluene (BHT) are used. But these products have a negative impact for their toxic
and carcinogenic effects in high concentration. There is a growing demand from
the customers for the production of mayonnaise using natural ingredients instead of
chemical products. Incorporation of natural antioxidant into food products has great
potential for improving the oxidative stability of food products and also beneficial
for our health and nutrition (Hermund et al. 2016). Low pH and high-fat content of
mayonnaise are more resistant to microbial spoilage (Depree and Savage 2001).

The use of binary blending of flaxseed oil and rice bran oil (1:1) for the production
of mayonnaise and lemon is used instead of vinegar. Salt is added for taste and to
reduce the microbial load also. Black pepper is also used as a spice.

Flaxseed oil is very well known for its nutritional and health benefits. It contains
53% alpha-linolenic acid (ALA), 17% linoleic acid (LA), 19% oleic acid, 3% stearic,
and 5% palmitic acid. Omega 3 fatty acids help to prevent several diseases like
ulcer,migraine headache, eating disorders, psoriasis, glaucoma, lymedisease (Harper
et al. 2006). Flaxseed protein contains a favorable ratio of amino acids with Lysine,
Threonine, and Tyrosine as the limiting amino acids. It is also very good source of
sulfur-containing amino acids such as methionine and cysteine and branched chain
amino acids like BCAA, Isoleucine, Leucine, and Valine, etc. (Oomah et al. 2007).
It also contains several bioactive compounds like phenolic compounds, flavonoids,
lignans, phenolic acids, etc. (Basavaraj 2009).

Rice bran oil ismost popular among the cooking oils due to its nutritional composi-
tion, increased shelf life, well balanced fatty acids composition and antioxidants, and
phytochemicals content that include squalene, oryzanol, phytosterol, and triterpene
alcohols. It contains high amount of vitamin E both tocopherol and tocotrienols. The
oil exhibits high antioxidant, anti carcinogenic, anti-diabetic, hypocholesterolemic,
anti-inflammatory activities. It also has low viscosity and high-melting point which
makes the oil healthier while cooking (Ali and Devarajan 2017).

Lemon juice is not only the richest source of vitaminC, it also contains fair amount
of potassium, calcium, phosphorus, and magnesium. It helps to improve our immune
system.

The main objective of the present study is to formulate a new kind of emulsion
product (mayonnaise) by using binary blend of flaxseed oil and rice bran oil to provide
functional fatty acids and antioxidants such as oryzanol, tocopherol, squalene and
to analyze its antioxidant, oxidative stability as well as functional group content
compared to market mayonnaise.
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Table 1 Composition of ingredients including oil blend (binary) in the preparation of mayonnaise
sample

Ingredients Amount (g)

Flaxseed oil 30

Rice bran oil 30

Egg yolk 26

Salt 1

Sugar 1

Lemon juice 1.5

Black pepper 0.5

2 Materials and Methods

2.1 Samples and Chemicals

Rice bran oil was provided by M/S Sethia oil mill, West Bengal, India. All products
including flaxseed, egg, lemon, spices were purchased from local market of Kolkata
(West Bengal, India). All chemicals were brought from MERK, India.

2.2 Preparation of Mayonnaise

Mayonnaise sample was prepared by flaxseed oil, rice bran oil (1:1) blend, egg yolk,
salt, sugar, lemon juice, and black pepper using the formula as shown in Table 1.
Here egg yolk is used as an emulsifier and black pepper as a flavor enhancer spice.

Salt, sugar, black pepper were first mixed with the egg yolk and vinegar with the
help of electric mixer for 5–10 s. After that the binary blended oil (flaxseed oil and
rice bran oil) was added to the mixture. All the ingredients were mixed in a blender
for 5 min. Then the sample mayonnaise was kept in a screw cap glass reagent bottle
and stored in a refrigerator at 10 °C temperature for ten days. After ten days the
sample mayonnaise was analyzed.

2.3 Antioxidant Activity

Antioxidant activity of the mayonnaises were measured by the following standard
assay methods:
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2.3.1 DPPH Free Radical Scavenging Activity Assay

Themayonnaiseswere assessed using 1, 1-diphenyl 2-picrylhydrazyl (DPPH) radical
scavenging assay (Gorinstein et al. 2007). 0.1 mM solution of DPPH in methanol
was prepared. An aliquot of 0.2 ml of sample was added to 2.8 ml of this solution
and kept in the dark place for 30 min. The absorbance was measured at 517 nm. The
ability to scavenge the DPPH radical was calculated with the following equation.
Inhibition percentage (I%) = (A0 − A1)/A0 (A0 = Absorbance of the control, A1 =
Absorbance of the sample.)

2.3.2 Ferric Reducing Antioxidant Power (FRAP)

The FRAP assay of the test samples was determined (Benzie and Strain 1996).
The FRAP reagent consists of 10 mM TPTZ in 40 mM HCL, 250 mM sodium
acetate buffer (pH −3.6), and 20 mM FeCl3. The reagent was freshly prepared by
mixing TPTZ solution, FeCl3 solution, and acetate buffer in a ratio of 1:1:10. An
extract solution (100 µl) was mixed with 900 µl of FRAP reagent. The mixture
was incubated at 37 °C temperature for 4 min and the absorbance was measured at
593 nm.

2.3.3 ABTS Free Radical Scavenging Activity

ABTS assay of mayonnaises were measured using the following method (Fatma
et al. 2016). A solution of ABTS (7 µM) was prepared in distilled water and mixed
with the solution of potassium per sulfate (2.45 µM). The mixture was kept in the
dark place for 16 h at room temperature. The resulting intense color matches the
ABTS radical cations. The solution subsequently diluted with distilled water and
absorbance was measured at 734 nm. 1 ml of ABTS diluted solution was mixed with
10 µl of sample at different concentration and the reaction mixture was kept for
6 min before measuring the absorbance. ABTS scavenging activity was calculated
by the following equation. Inhibition Percentage (I%) = (1 − A/A0) × 100. (A =
Absorbance of the sample. A0 = Absorbance of the ABTS solution.)

2.4 Fourier-Transformed Infrared Spectroscopy (FTIR)
Analysis

The functional groups, present in both sample and market mayonnaise, was analyzed
by FTIR (Siregar et al. 2018) equipped with a tri glycine sulfate (TGS) detector.
Absorbance intensity was measured at 4 cm−1 resolution. 2–3 mg of sample was
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placed in the cell of FTIR. Sample analyzing was done at 27 °C temperature. All
spectra were recorded from 600 to 3600 cm−1.

2.5 Oxidative Stability Test

Oxidative stability of themayonnaises wasmeasured by the following standard assay
methods:

2.5.1 Acid Value (AV)

This analysis has been conducted according to the following method (AOCS Ca
5a-40 official method). 1 gm of oil was mixed with hot ethyl alcohol and 2–3 drops
phenopthalein indicator was added to this mixture. The mixture was titrated with
standard aqueous solution of alkali (0.1 N), shaking the solution vigorously during
titration. Titration was continued till the solution turns pink.

2.5.2 Peroxide Value (PV)

This analysis has been conducted according to the following method (AOCS Cd
8-53). 5 gm oil was mixed with 30 ml acetic acid-chloroform solution (3:2). 0.5 ml
potassium iodide (KI) solutionwas added to the oil solution and then the conical flask
allowed to stand exactly 1 min. 30 ml distill water was added to the solution. Then
titration was done against 0.1(N) sodium thiosulphate (Na2S2O3) solution. Then the
titration was continued until the yellow color of the solution almost disappeared.
Then 0.5 ml starch solution was added to this mixture and continued the titration
until the blue color appeared.

2.5.3 Anisidine Value

This analysis was done according to the following method (AOCS Cd 18-90). 1 ml
of 0.25% of p-anisidine in glacial acetic acid made up to 100 ml with iso-octane,
1 gm of oil was dissolved in the mixture and allowed to react for 10 min at room
temperature and absorbance was measured at 350 nm.

2.5.4 TBA Value

This analysis was carried out according to the method (Patton and Kurtz 1951). Thio
barbituric acid (TBA) reagent was prepared by dissolving 200 mg TBA in 100 ml
1-butanol and left it for one night. Then it was filtered to remove the undissolved
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Table 2 Antioxidant activity of sample mayonnaise prepared and market mayonnaise

Test Mayonnaise made by using binary blended oil Market mayonnaise

DPPH (%) 76% ± 0.37 69% ± 0.57

FRAP (µmol/ml) 10 ± 0.56 8 ± 0.43

ABTS (%) 40% ± 0.37 33% ± 0.67

Correlation is significant at the p ≤ 0.05 level

residue and makeup the filtrate to 100 ml with 1-butanol. 50–200 mg sample was
taken in a volumetric flask (25 ml), dissolved in small amount of 1-butanol and
made up to volume with the same solvent. 5 ml sample solution was mixed with
5 ml reagent solution, and the solution was placed into a thermostat bath at 95 °C
temperature. After 120 min the solution was removed from thermostat and cooled
under running water and absorbance was measured at 530 nm.

2.6 Statistical Analysis

Results were expressed as mean value ± standard deviation of three replications.
Statistical differences were analyzed using one way ANOVA followed by post hoc
Tukey HSD (Honestly Significant Difference) at level p ≤ 0.05.

3 Results and Discussion

3.1 Antioxidant Activity

The antioxidant activity of sample mayonnaise and market mayonnaise were evalu-
ated using DPPH, FRAP, ABTS assay, and the results are shown in Table 2. Mayon-
naise made by using binary oil blends shows maximum antioxidant activity (DPPH
−76%, FRAP-10 µmol/ml, ABTS −40%) as compared to market mayonnaise.

3.2 FTIR Analysis

From the above report, it can be stated that sample mayonnaise contains aromatic
C–H bending, alkenyl C=C stretch, alkane C=H bond, and primary amine groups.
Market mayonnaise contains aromatic C=H bending, aromatic C=C bending, alde-
hyde C=O stretch, and carboxylic acid group. FTIR reports are included in Table 3
(Figs. 1 and 2).
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Table 3 FTIR analysis of Mayonnaise samples

Absorption (cm−1) Functional group Mayonnaise prepared by
using binary oil blends

Market mayonnaise

3467.70 O–H stretch
hydrogen bond

Present –

3411.30 O–H stretch
hydrogen bond

– –

3050.83 =C–H stretch carbon
hydrogen bond

– Present

3009.37 =C–H stretch carbon
hydrogen bond

– Present

2925.50 C–H stretch bond Present –

2921.63 C–H stretch bond – Present

2854.30 C–H stretch bond Present –

2852.00 C–H stretch bond – Present

2761.56 H–C = O stretch
bond

– Present

2126.80 Alkynyl C=C stretch – –

1766.70 C=O stretch
aliphatic aldehyde

Present –

1747.00 C=O stretch
aliphatic aldehyde

– Present

1745.90 C=O stretch
aliphatic aldehyde

– –

1650.60 C = O stretch α, β
unsaturated ketone

Present –

1549.50 Aromatic ring Present –

1465.30 C–C stretch bond – –

1461.78 C–C stretch bond – Present

1460.20 C–C stretch bond Present

1245.79 C–O stretch bond – Present

1230.60 C–O stretch bond – –

1159.80 C–O stretch bond Present –

1158.04 C–O stretch bond – Present

1156.70 C–O stretch bond –

1094.40 C–O stretch bond – Present

855.27 Aromatic C–H
bending

– Present

717.39 Aromatic C–H
bending

– Present
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Fig. 1 Mayonnaise prepared by binary oil blend

Fig. 2 Market mayonnaise

FTIR REPORT

3.3 Oxidative Stability

To evaluate oxidative stability such as acid value, peroxide value, anisidine value,
and TBA test were performed and the results are shown in Table 4. Both sample and
market mayonnaises are stable at room temperature.
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Table 4 Oxidative stability test of mayonnaises samples

Test Mayonnaise made by using
binary blended oil

Mayonnaise made by using
ternary blended oil

Acid value (mg KOH/gm
oil)

0.67 ± 0.69a 0.72 ± 0.93

Peroxide value
(mequivalent/kg oil)

0.71 ± 0.53a 0.85 ± 0.37

Anisidine test 3.37 ± 0.91 3.53 ± 0.43b

TBA value 2.92 ± 0.39a 2.97 ± 0.81b

The data are presented as mean value ± standard deviation of triplet analyses. Different letters in
the same column indicate statistically significant values (p ≤ 0.05)
a, b Mean values

4 Conclusion

From the present study, it can be concluded that the sample mayonnaise (mayonnaise
produced by using binary oil blend) contained more phytochemicals than market
mayonnaise because flaxseed oil contains several phytochemicals like phenolic
compound, saponin, glycoside, flavonoid, alkaloid, and rice bran oil that also contains
huge amount of oryzanol, squalene, phytosterol, etc. All the mayonnaises contained
aldehyde, ketone, and alkene group. Both the samplemayonnaise andmarketmayon-
naise are having nearly the sameoxidative stability after storage of onemonth at 10 °C
temperature.

Acknowledgements Firstly, I would like to acknowledge my institute Indian Institute of Engi-
neering Science and Technology (IIEST), Shibpur, Howrah, West Bengal, India for providing
laboratory facilities. I also want to acknowledge Bose Institute, Kolkata for performing FTIR
analysis.

References

Ali A and Devarajan S (2017) Book—rice brown. Springer publication. Chapter—nutritional and
health benefit of rice bran oil pp 135–158

AOCS (1997a) Official method Ca 5a-40: free fatty acids, American oil chemists society sampling
and analysis of commercial fats and oils

AOCS (1997b) Official method Cd 8–53: peroxide value acetic acid-chloroform method, American
oil chemists society sampling and analysis of commercial fats and oils

AOCS (1997c) Official method Cd 18-90: p-Anisidine value, American oil chemists society
sampling and analysis of commercial fats and oils

BasavarajM (2009) Potential benefits of flaxseed in health and disease—a perspective. Agriculturae
Conspectus Scientificus 74(2):67–72

Benzie IFF, Strain JJ (1996) The ferric reducing ability of plasma (FRAP) AS A MEASSURE OF
“antioxidant power” the FRAP assay. Anal Biochem 239:70–76



100 S. Ghosh et al.

Depree JA, Savage GP (2001) Physical and flavor stability of mayonnaise. Trends Food Sci Technol
12:157–163

Fatma B, Mohamed KF, Barba SR, Semia EC (2016) Antioxidant properties of water soluble gum
from flax seed hull. Antioxidants (Basel) 5(3):26

Gorinstein OJ, Medina V, Nicolas JO, Simon T (2007) The total polyphenols and the antioxidant
potentials of some selected cereals and pseudocereals. Eur Food Res Technol 225(3):321–328

Harper CR, Edwards MJ, DeFilippis AP, Jacobson TA (2006) Flaxseed oil increases the plasma
concentrations of cardioprotective (n-3) fatty acids in humans. J Nutr 136(1):83–87
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Computer-Aided Drug Design Against
Dopamine D2 Receptor
for Antischizophrenia Drug Development

Dipankar Chaudhuri and Pradipta Bhattacharjee

Abstract Schizophrenia is a long term psychosis caused by dysregulation of
dopamine D2R. Existing antipsychotic drugs that alleviate positive symptoms of
schizophrenia exhibit varied side effects for which designing antipsychotic drugs
with reduced side effects remains an important therapeutic goal. This research project
has been designed to develop potential amino acid and small molecule-based lead
compounds for the reduction of schizophrenic symptoms using in silico drug design
tools and methods. Use of LIGDREAM resulted in generation of 100 analogues
of Eticlopride. Those with better ADMET properties were subjected to molec-
ular docking against D2R receptor using AutoDock Vina and iGEM dock which
yielded two analogues that had more substantial binding affinities for D2R than
Eticlopride. NCS-1 is a signalling protein that desensitizes Dopamine D2R. Hence,
a protein-based therapeutic compound for schizophrenia was being developed by
conserved mutations of two amino acid residues on NCS1 (Phe55 and Leu189) by
more hydrophilic and hydrophobic substituent, respectively. Protein-protein docking
using the CLUSPRO docking portal and subsequent energy analysis have shown
that increased hydrophilicity one had enhanced stabilization. Results obtained from
both the modified Eticlopride leads and NCS1 mutations indicate that they can be
collectively taken further downstream in anti-schizophrenia drug development.

Keywords Schizophrenia · D2 receptor · Eticlopride · Small molecule-protein
docking · Protein-protein docking

1 Introduction

Schizophrenia is a complex debilitating psychological ailment that manifests its
symptoms through decades of an afflicted patient’s lifetime. Schizophrenia is consid-
ered by medical practitioners and scientists to be a type of psychosis (Ajinkya et al.
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2015). Research into cause and treatment of schizophrenia proposes a complex
combination of physical, hereditary, mental and ecological components which can
combine to develop the condition. Antipsychotic drugs are the keymode of treatment
for major symptoms of Schizophrenia (Patel et al. 2014). Present antipsychotic drugs
can show tardive dyskinesia as side effects in the patients who consume such drugs
for long period of time (Carbon et al. 2018). Other side effects include irregular
heartbeat and muscle instability.

A hypothesis exists regarding dysregulation of neurotransmitters like dopamine
and over-stimulation of dopamineD2 receptors (D2R) in subcortical and limbic brain
schizophrenia development. This hypothesis is referred as the Dopamine Hypothesis
(Brisch et al. 2014). This hypothesis postulates that themaximumnumbers of antipsy-
chotic drugs that are used to treat symptoms of Schizophrenia are antagonists with
respect to targeting the Dopamine D2R (Li et al. 2016). Neuronal calcium sensor-1
(NCS-1) is one of the important members of calcium-myristoyl-switch proteins that
have been known to act as calcium-ion sensors. NCS-1 binds in the signalling site
for synaptic activity and desensitizes the D2 receptors. Since D2-NCS1 interaction
modulates D2 mediated neurotransmission signalling pathway, this interaction has
been chosen as an important focus area for the development of new antipsychotic
drugs (Kabbani et al. 2012). Computer-aided drug design assists in determination
of binding affinity and selectivity of lead candidate binding to the receptor. Aside
from binding affinity determination, computer-aided drug design methodology also
incorporates determination of pharmacokinetic and pharmacodynamics properties
of the lead and uses the techniques of molecular docking and scoring, molecular
diversity and combinatorial chemistry. These techniques reduce the cost of drug
discovery and development as well as reduce the time needed for new, modified
or repurposed lead candidate drug development (Makhouri and Ghasemi 2018). It
has been determined that there is urgent need for the development of more potent
targeted drugs against schizophrenia. This computational drug design project centres
around (i) modification of an existing well-known drug named Eticlopride to yield
analogueswith better pharmacological properties and (ii) develop protein-based ther-
apeutic molecules by introducing mutations in the NCS-1 protein with better binding
efficacy and introducing reduce side effects and improving stability of mutant.

2 Materials and Methodology

2.1 Generation of Novel Lead Compounds

Eticlopride is an important antagonist drug with high affinity towards dopamine D2
receptors and used as lead for designing antipsychotic drugs. A shape decoding
tool LigDream was used to derive 100 novel leads had been derived from the
parent compound Eticlopride. SWISSADME and ADMETLab database were used
to estimate physicochemical characteristics of Eticlopride and other newly designed



Computer-Aided Drug Design Against Dopamine D2 Receptor … 103

Table 1 Mutations introduced in NCS1 (Neuronal calcium sensor-1)

Control NCS1 Mutated towards hydrophilic Mutated towards hydrophobic

PHE 55 ARG 55 ILE 55

LEU 189 ARG 189 ILE 189

PHE Phenylalanine, LEU Leucine, ARG Arginine, ILE Isoleucine

compounds. Compounds with better ADMET values than that of Eticlopride were
docked with Dopamine D2 receptor for estimating binding efficacy.

2.2 Docking with AutoDock Vina and IGEM Docking

For molecular docking AutoDock Vina uses a hybrid scoring function of empirical
and knowledge-based functions in calculation ofX-Score to determine the best poses.
iGEMDOCK, on the other hand, uses energy-based scoring function that is composed
of electrostatic, hydrogen bonding and Van der Waals interaction between protein
and ligand molecules. Henceforth in this research work both docking tools have been
utilized for cross-validation of the binding affinity of newly derived leads towards
D2R.

2.3 Introduction of Mutation in Ncs1 Docking

Docking has been performed between wild type NCS1 (Phyre2 id d1g8ia) and D2R
(PDBID 6CM4). Posts docking the binding hotspot and total stabilizing energy have
been analyzedwith the help of PPCHECK.Hydrophobic amino acid residues present
in the HOTSPOT have been mutated to introduce hydrophilic and more hydrophobic
amino acids with the SWISSPDB VIEWER and the structural stability estimated.
Docking has been done with the help of CLUSTER PRO DOCKING tool between
mutated NCS1 and D2R. �G, Kd values and total stabilizing energy values were
determined with the help of computational tools like PP CHECK and PRODIGY
(Table 1).

3 Result and Discussion

3.1 Physicochemical Property

From ADMET lab report, the hepatotoxicity probability of compound 36th
(C16H24ClN3O3) and compound 96th (C16H21ClF2N2O3) are 0.66 and 0.62,
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Table 2 Structure and physicochemical properties of new lead compounds with the help of public
domain tools

Compound MW C LOG P Aqueous
solubility
(µg/ml)

PSA
(Å2)

Hbond
acceptor

Hbond
donor

C16H24ClN3O3
(36th compound)

341.839
Dalton

2.41 344 51.42 4 2

C16H21ClF2N2O3
(96th compound)

362.804
Dalton

2.82 129 50.46 5 2

MW Molecular weight, PSA Polar surface area, HBOND Hydroge bond

respectively. These are less than that of parent lead Eticlopride, i.e. 0.71. Estima-
tion of the hepatotoxic potential of drug leads is an important part of drug devel-
opment process. This is especially applicable since a large number of drugs can
exhibit adverse side effects that are often hepatotoxic. LD50 values for 36th and
96th compound were found to be 976.836 and 1193.087 mg/kg which are higher
than that of Eticlopride which is 789.886 mg/kg. According to ADMETlab LD50
value for High-toxicity = 1–50 mg/kg; Toxicity = 51–500 mg/kg; low-toxicity =
501–5000 mg/kg (Dong et.al. 2018). Hence it can be concluded that both of the new
compounds have lower toxicity profile than that of Eticlopride. To become a potent
CNS Drug, a lead compound must not be potent CYP3A4 inducer. According to
ADMETlab report probability of P450 CYP3A4 inhibition for our 36th and 96th
compound found to be 0.637 and 0.245, respectively. These are higher than that
of Eticlopride, i.e. 0.069. It can therefore be stated that new compounds have less
significant potency to induce P450 CYP3A4 (Table 2).

All these physicochemical properties of the new lead molecules have proven that
these two compounds proper attributes to penetrate the CNS according to Lipinski
Rules. CNS penetration is a characteristic antipsychotic drug due to the presence
of D2 receptors in central nervous system. Ideally orally mediated CNS penetrating
drugs should have lesser polar surface area (PSA) (<60–70 Å) because these leads
increase passive permeability. Henceforth the PSA of these new compounds is lower
as well. To increase the bioavailability, CNS drug is designed as less flexible with
less than 8 rotatable bonds (Pajouhesh and Lenz 2005). The number of rotatable
bonds for 36th and 96th compound have been found to be 6 and 5, respectively, with
the help of cheminformatics software like Molinspiration. Finally, the GPCR ligand
bioactivity score for 36th and 96th compound was found to be 0.26 and 0.27 which
are higher than that of Eticlopride, i.e. 0.20. This implies that these two compounds
have more favourable physicochemical properties.
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Table 3 AutoDock Vina result for all compounds

Compound RMSD Affinity score with respect to lower RMSD
(kcal/mol)

ETICLOPRIDE 1.15 −7.4

C16H24ClN3O3 (36th compound) 0.277 −8

C16H21ClF2N2O3 (96th compound) 0.699 −8.7

RMSD Root mean square division

Table 4 iGEM Docking result for total energy Eticlopride and other two newly derived lead
compounds

Compound Total energy (kJ/mol)

C16H24ClN3O3 (36th compound) −98.46

C16H21ClF2N2O3 (96th compound) −92.32

Eticlopride −82.93

3.2 Docking (AutoDock Vina and IGEM)

According to AutoDock Vina, the affinity score is equivalent to the ΔG value. So
lower theΔG value and lower RMSD values are the two key factors to determine the
binding efficiency of lead compounds towards receptor. FromAutoDock Vina result,
the RMSD values are estimated on energy involved in protein-ligand interaction.
Difference between two RMSDs (ub-lb) was taken as indication of best pose with
respect to high affinity for comparison between modified leads and Eticlopride with
respect to Dopamine D2 receptor. For 36th and 96th compound, the RMSD values
were found to be 0.277 and 0.699, respectively, which are lower in comparison to
Eticlopride whose RMSD found to be 1.15. This can be stated hypothetically that
new compounds are more capable to form stable complex with dopamine d2 than
that of eticlopride (Tables 3 and 4).

iGEMDOCK ranks all the screening compounds based on the energy involved
and pharmacological scoring function and clusters the compounds on the basis of
their chemical composition. According iGEMDOCK standard report 36th compound
has ranked first with total energy l, 96th compound as second with total energy and
Eticlopride as third with total energy which implies that both of the new compounds
have higher efficiency to bind with D2R.

3.3 Docking (Cluspro)

After doing docking betweenNCS1 (wild type) andD2R in CLUSPRO docking tool,
the hotspot of NCS1 has been found to be PHE55, LEU189 and GLU142 with help
of PPCHECK web server (Table 5).
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Table 5 PPCHECKweb server analysis report for total stabilizing energy between protein-protein
docking complexes

Protein complex Total stabilizing energy (kJ/mol)

D2R-NCS1 mutated towards hydrophilic −488.33

D2R-NCS1 mutated towards more hydrophobic −428.63

D2R-NCS1 (control) −393.49

D2R Dopamine D2 Receptor

Table 6 PRODIGYanalysis report for�GandKd values for all protein-protein docking complexes

Protein complex ΔG (kcal mol−1) Kd

D2R- NCS1 mutated towards hydrophilic −17.1 2.0E−13

D2R- NCS1 mutated towards more hydrophobic −16.5 7.9E−13

D2R-NCS1(control) −15.7 2.9E−12

According to PPCHECK web server analysis report both the mutated NCS1 have
shown better stabilizing energy than the control NCS1. However, NCS1 mutated
towards hydrophilic formed more stable complex with D2R than one the mutated
towards hydrophobic. In the protein-based drug design experiments affinity is consid-
ered as the initial criteria to estimate the potency of that protein for binding with the
target protein/DNA/RNA. If the stabilizing energy is of negative value that means
the ligand binds spontaneously without consuming energy and when binding energy
is a positive value that implies the binding is energy consuming and would occur
only if the required energy is available (Table 6).

ΔG values for both mutated NCS1 (hydrophilic and hydrophobic) are lower than
that of control which indicates greater stabilization. Lower Kd indicates greater
stabilization. On the basis of Kd, PPIs have been divided into three groups such as
high (Kd ≤ 10−9 M), medium (10−9 M < Kd ≤ 10−6 M) and low affinities (Kd >
10−6 M) (Erijman et al. 2014) In this case Kd values for mutated NCS1 are lower
than that of control NCS1. Ramachandran plot analysis showed 1.6% of amino acids
are present in disallowed regions both control and mutated NCS1 proteins. However,
66% of the total amino acids in disallowed region are glycines. The flexibility of
Glycine makes it present over large area in RM plot. Thus they always found in
loop region where polypeptide chain needs to make a sharp turn. From the above
discussion, it can be concluded that the protein stability of control protein has not
been compromised for the interest of proteinmodification towards hyrophilicity/more
hydrohobicity and better druggability.
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4 Conclusion

This project was designed with the aim of developing therapeutic compounds (chem-
ical and protein based) for the treatment of Schizophrenia by (i) modification of the
chemical structure of Eticlopride using Bioisosterism and QSAR-based methods and
(ii) mutation of the wild type human NCS1 protein using computational mutational
sensitivity analysis and in silico drug design techniques in both cases. The ultimate
conclusions of this research centred around designing more therapeutically potent
lead compounds than Eticlopride in the small molecule antagonist category as well
as mutated forms of NCS1 wild type that computationally have more stable binding
energetics than wild type NCS1 thereby indicative of being usable for further lead
development/optimization for the treatment of positive symptoms of schizophrenia
like antipsychotic effects.
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Biodegradation of Dyes by Laccase
from Isolated Strain Aspergillus flavus
PUF5

Priyanka Ghosh and Uma Ghosh

Abstract Synthetic dyes are very difficult to degrade for their complex structure.
During dyeing process in industry, a huge amount of dyes are lost as effluents. Degra-
dation of these effluents by physical and chemical processes is the most problematic
issues nowadays. Enzymatic oxidation of these dyes using oxidoreductase such as
laccase has received a great attention in recent years for decolorization of dyes in
effluent. In the present study, an isolated fungus Aspergillus flavus PUF5 was used
to produce laccase enzyme and employed for degradation of five commercially used
textile dyes, phenol red, methyl orange, malachite green, bromophenol blue and
Congo red. The investigations were made with the effect of redox mediators (1 mM),
temperature (25–45 °C), pH (4–8) and incubation time (0–24 h) in the dye decoloriza-
tion by laccase. Highest efficiency in dye decolorization was found with redox medi-
ator 1-hydroxy-benzotriazole (HBT). The interactions between four variable factors
were statistically studied using response surface methodology. Optimized states of
selected variables were dye concentration (6.04 µM), enzyme concentration (78.8
U/ml), pH (5.6) and redox mediator (1.07 mM) with predicted and observed activity
of laccase 85.94 and 86.3 U/ml, respectively. These results suggest that laccase is a
potential enzyme for removal of dyes present in wastewater of textile industry.

Keywords Aspergillus flavus PUF5 · Laccase · Textile dyes · RSM · HBT

1 Introduction

Laccases (benzenediol: oxygen oxidoreductase, EC 1.10.3.2) is a multicopper
oxidase that reduces molecular oxygen to water and simultaneously performs one-
electron oxidation in a large range of inorganic and organic substrates, including
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mono-, di- and polyphenols, methoxyphenols, aromatic amine and aminophenols.
In the recent decades, it has been reported that a number of fungal laccases could
decolorize and degrade industrial dyes which are widely used in the dyeing fabric,
printing paper, leather, food process industries, colour photography and as additives
in petroleum-based products. Synthetic dyes are different types like azo, triaryl-
methane, indigoid and anthra-quinonic, used in dyeing process. The textile industry
stands out, as it produces a large amount of effluents which can cause serious envi-
ronmental problems like affect photosynthetic activity in aquatic life by reducing
light penetration intensity and may also be toxic to some aquatic fauna and flora
due to the presence of aromatics, metals, chlorides, etc. (Chacko and Subramaniam
2011). It is estimated that about 10–15% of dyes are released into processing water
during dyeing and subsequent washing steps of procedure (Selvam et al. 2003).
Traditional processes are usually costly, complex and produced a large number of
slush but enzymatic process give an eco-friendly and capable substitute for decol-
orizing of dyes and also detoxify before discharging into the environment (Blanquez
et al. 2004). The enzymatic approach deals mainly with ligninolytic enzymes, of
which laccases are the most preferred enzymes for this purpose since they act oxida-
tively and less particularly on aromatic rings, thus having prospective to degrade a
various range of compound. The use of mediator compounds permits an expansion
of the reactivity of laccase to include such unnatural laccase substrates by generating
high redox potential species. Using mediator, laccase can indirectly oxidize large
molecules and even nonphenolic substrates also. 1-hydroxybenzotriazole (HBT) is
one of the most important laccase mediators (Moldes and Sanroman 2006), but
the prime issue of HBT using is its limited biodegradability and possible toxicity
(Murugesan et al. 2007). Hence, HBT concentration optimization is much more
important for efficient decolourization. In this present work, we have investigated
degradation/decolourization of textile dyes, Bromophenol blue, phenol red, mala-
chite green, methyl orange and Congo red by laccase enzyme which is produced
from an isolated and identified fungus Aspergillus flavus PUF5. The aim of this
study is to optimize the HBT, pH, enzyme and dyes concentrations in order to obtain
the best possible results in dye decolourization by laccase.

2 Materials and Methods

2.1 Fungal Strain

The laccase producing fungi A. flavus PUF5 (GenBank accession number
KX181714.1) was maintained on potato dextrose agar slants. A suspension
containing about 5 × 109 spores/ml was used as an inoculum.
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2.2 Laccase Enzyme Production by Solid-State Fermentation

Agricultural waste substrate ribbed gourd peel was moistened with water and auto-
claved in 250 ml Erlenmeyer flasks up to 7 days with 7-day-old culture at 30 °C.
After fermentation, the supernatant was collected, stored and used as enzyme source
of laccase.

2.3 Enzyme Assay

Free laccase activity was determined using the process as described by Desai et al.
(2011) where guaiacol was used as substrate. Laccase activity was expressed inU/ml.

2.4 Effect of Laccase and Dye Concentrations
on Decolorization Efficiency

The effect of laccase concentration on decolorization efficiency was determined by
incubating the synthetic dyes with varying concentrations of laccase (20–100 U/ml)
for 24 h. To study the effect of dye concentrations with varying concentrations (5, 10,
15, 20, 25 µM) were used for 24 h. Immediate after incubation the dye degradation
efficiency was expressed in percentage (%).

2.5 Effect of Temperature, PH, Incubation Time and Laccase
Mediator on Dye Decolorization Efficiency

During optimization of dye decolorization efficiency by laccase, the enzyme and dyes
were incubated at varying temperatures (25–45 °C), pH (4.0–8.0) and incubation time
(0–24 h). 1-hydroxybenzotriazole (HBT) (1 mM) was added in the reaction mixture
as redoxmediator and observed up to 24 h. Dye degradation efficiency was expressed
in percentage (%).

2.6 Box–Behnken Response Surface Methodology

The effects of dye concentration (mM), enzyme concentration (U/ml), pH, HBT (%)
on dye decolorization efficiency were evaluated. These factors were chosen as they
showed influencing effects in one variable at a time (OVAT) optimization. Levels



112 P. Ghosh and U. Ghosh

of these factors were optimized for maximum decolorization of dye using Box–
Behnken statistical design (Box and Behnken 1960). Table 1 represents different
selected factors where each variable was tested in three different coded levels: low
(−1), middle (0) and high (+1). Table 2 represents a 29-trial of the experimental
design.

Table 1 Box–Behnken experiments design matrix with experimental and predicted values for dye
decolorization by laccase enzyme

Run Dye
concentration
(mM)

Laccase
concentration
(U/g)

pH HBT (mM) Observed
response (U/ml)

Predicted
response (U/ml)

1 8 100 5.5 1.0 26.3 26.29

2 4 80 5.5 1.5 36.4 36.35

3 4 80 6.5 1.0 33 32.52

4 6 100 4.5 1.0 57.7 56.65

5 6 80 5.5 1.0 85.3 85.94

6 8 80 4.5 1.0 29.6 31.10

7 8 80 5.5 0.5 37 36.53

8 4 60 5.5 1.0 24.8 24.31

9 6 60 4.5 1.0 51.2 50.59

10 6 60 6.5 1.0 63.6 64.13

11 6 100 5.5 0.5 63.6 63.37

12 6 80 5.5 1.0 86.3 85.94

13 6 80 6.5 0.5 68.6 68.95

14 6 80 4.5 1.5 68.2 67.36

15 6 80 5.5 1.0 85.5 85.94

16 4 80 5.5 0.5 32.2 31.86

17 6 80 5.5 1.0 86.3 85.94

18 8 80 6.5 1.0 35.7 35.98

19 6 60 5.5 0.5 54.2 54.64

20 8 60 5.5 1.0 33.6 32.48

21 6 80 4.5 0.5 57.1 57.36

22 6 60 5.5 1.5 68 69.25

23 6 100 5.5 1.5 55.86 56.44

24 4 80 4.5 1.0 25.8 26.53

25 6 100 6.5 1.0 53.9 53.99

26 6 80 5.5 1.0 86.3 85.94

27 6 80 6.5 1.5 67.4 66.64

28 8 80 5.5 1.5 39.9 39.72

29 4 100 5.5 1.0 25.8 26.42
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Table 2 Analysis of variance (ANOVA) for dye decolorization in second-order polynomial model

Source Sum of square df Mean square F-value p-value Prob >
F

Model 12,345.22 14 881.80 1054.38 <0.0001 Significant

A-Dye
concentration

48.40 1 48.40 57.87 <0.0001

B-Laccase
concentration

12.48 1 12.48 14.93 0.0017

C-pH 88.56 1 88.56 105.90 <0.0001

D-HBT 44.31 1 44.31 52.99 <0.0001

AB 17.22 1 17.22 20.59 0.0005

AC 0.30 1 0.30 0.36 0.5572

AD 0.42 1 0.42 0.51 0.4889

BC 65.61 1 65.61 78.45 <0.0001

BD 115.99 1 115.99 138.69 <0.0001

CD 37.82 1 37.82 45.22 <0.0001

A2 11,271.17 1 11,271.17 13,477.08 <0.0001

B2 1847.68 1 1847.68 2209.29 <0.0001

C2 1049.92 1 1049.92 1255.40 <0.0001

D2 429.79 1 429.79 513.91 <0.0001

Residual 11.71 14 0.84

Lack of fit 10.72 10 1.07 4.32 0.0856 Not significant

Pure error 0.99 4 0.25

Cor total 12,356.93 28

2.7 Statistical Analysis

Statistical analyses were performed using statistical software Design Expert (version
8.2; STATEASE Inc., Minneapolis, MN, USA).

3 Results and Discussion

3.1 Effect of PH and Temperature on Decolorization of Dye

Congo red, bromophenol blue and malachite green were decolorized after 12 h of
incubation (15–28%), at around pH 4.8–5.8. On the other hand, methyl orange and
phenol red were most decolorized (60–75%) at pH 5, above which the decolorization
process decreased remarkably. These observations are shown in (Fig. 1a) indicated
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Fig. 1 a Effect of pH on dye decolorization b Effect of temperature on dye decolorization

that the optimum pH is mostly 5 for laccase catalyzed oxidation (Nyanhongo et al.
2002).

The effects of temperature (25–45 °C) on decolorization are shown in (Fig. 1b).
Over the examined range, decolorization rate increased at 30 °C after this certain
degree dye decolorization decreased as a result of the fact that the enzymatic catal-
ysis rate becomes lower than the rate of enzyme inactivation at high temperature
(Nyanhongo et al. 2002).

3.2 Effect of Laccase and Dye Concentration
on Decolorization of Dye

The effect of laccase concentration on decolorization of dye found out that
the optimum concentration of laccase required for maximum decolorization was
100 U/ml (Fig. 2a). The effect of dye concentration (5–25 µM) on decolorization

Fig. 2 aEffect of laccase concentration on dye decolor bEffect of dye concentration on dye decolor
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Fig. 3 a and b Effect of dye decolorization by laccase enzyme without mediator and with mediator
(HBT)

of dyes by laccase observed that the percentage of decolorization was gradually
decreased after 24 h on increasing the concentration of dye (Fig. 2b). Sathishkumar
et al. (2010) had reported that when concentration of laccase increased then rate of
dye decolorization also increased and concentrations of the dye when higher, then
effectiveness of the enzyme gradually reduced but did not diminish completely.

3.3 Effect of Incubation Time and Mediator on Dye
Decolorization

Facilitating electron transfer from O2 to laccase substrate is the main mechanism
behind HBT assisted oxidation of different substrates (Forootanfar et al. 2012).
Figure 3a showed that phenol red (73%), methyl orange (68%), bromophenol blue,
congo red and malachite green less than 30% were decolorized after 24 h (Ado et al.
2019). In the presence ofHBTas a laccasemediator Fig. 3b showed that 10–20%posi-
tive influence on decolorization percentages of all studied dyes. Maalej-Kammoun
et al. 2009 reported in their study that among ten laccase mediators, HBT showed
the maximum decolorization of malachite green.

3.4 Optimization of Parameters for Dye Decolorization
Through Box–Behnken Response Surface Design

The optimal level of the key factors and the effect of their interactions on dye
decolorization were explored by the Box–Behnken response surface methodology.
By applying multiple regression analysis on the experimental data, the following
second-order polynomial equation was established to explain the decolorization of
dye:
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Y = +85.94 + 2.01A − 1.02B + 2.72C + 1.92D

− 2.08AB − 0.28AC − 0.32AD − 4.05BC − 5.39BD

− 3.07CD − 41.69A2 − 16.88B2 − 12.72C2 − 8.14D2

whereY is the predicted yield of dye decolorization;A,B,C,D are the coded values of
dye concentration (mM), enzyme concentration (U/ml), pH, HBT (%), respectively.
The analysis of variance (ANOVA) was conducted to test the significance of the fit of
the second-order polynomial equation for the experimental data as shown in Table 2.

The Model F-value of 1054.38 implies the model is significant. There is only a
0.01% chance that a “ModelF-value” could occur due to noise.ModelP-value in this
studywas<0.0001which also indicates that themodelwas significant. The coefficient
of variation (R2 = 0.999) indicates a good agreement between experimental and
predicted values, which implies that the model was reliable for dye decolorization
and statistically sound. The response surface plots and the contour plots are shown in
Fig. 4. Shapes of response surfaces and contour plots indicate the nature and extent

Fig. 4 3D response surface graphical representation of effective parameters
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of the interaction between different factors (Prakash et al. 2008). Ferreiraa et al.
(2009) also showed that the smallest ellipse in the contour diagram is indicating the
maximum predicted value. On the basis of parameters optimization, the quadratic
model predicted that the maximum decolorization of dyes was 86.30%when the dye
concentration, enzyme concentration, pH and HBT were 6.04 µM, 78.8 U/ml, 5.6
and 1.07 mM, respectively.

3.5 Validation of the Optimized Condition

To verify the predicted result, validation experiment was performed in triplicate
tests. Under the optimized condition, experimental and predicted values 86.3 and
85.94 U/ml of laccase yield were in good agreement. The predicted value and the
effectiveness of the model, indicating that the optimized medium favours the dye
decolorization ability of laccase.

4 Conclusion

The results implement that laccase was produced by A. flavus PUF5 through solid-
state fermentation presented a highly decolorizing ability, for azo and triphenyl-
methanedyes. Further statistically optimizeddyedecolorization efficiencyof laccase.
All results advice that laccase and laccase-mediator systems are valuable biocatalysts
for the management of effluents from printing, textile and dye industries. This will
enable its prompt removal from the effluent before discharge.
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Effect of Saccharomyces cerevisiae
Fermentation Process on the Phenolic
Content, Flavonoid Content
and Antioxidant Properties of Flaxseeds

Saheli Ghosal, D. K. Bhattacharyya, and Jayati Bhowal

Abstract The importance of flaxseeds as nutrient sources for human consump-
tion has received considerable attention in recent years to provide health bene-
fits. Nowadays fermentation procedure is used in food industry for producing and
enhancing micronutrient with superior properties from nutrition aspect. Various
microbes such as lactic acid bacteria or Saccharomyces cerevisiae are commonly
used to ferment edible seed. The present study was undertaken to investigate
the effect of S. cerevisiae on phytochemicals and antioxidant activity of whole
and defatted flaxseed extracts. The phytochemical screening of unfermented and
fermented flaxseed extracts showed positive result for alkaloid, saponin, flavonoid
and phenolic. Fermentation also increase antioxidant activity of flaxseed extracts.
This study established that the fermentation by S. cerevisiae improved nutritional
quality of flaxseed extracts.

Keywords Flaxseed · Fermentation · Saccharomyces cerevisiae · Antioxidant

1 Introduction

Flax, scientifically known as Linum usitatissimum is the common name for an herb
of the Linaceae Family (Amin and Thakur 2014). Today, consumers turn to flax for
its nutritional benefits. Flaxseed is one of the functional foods which are key sources
of phytochemicals (Hussain et al. 2006). These phytochemicals are antioxidants
which inhibit or delay the oxidation of molecules by inhibiting the initiation of
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oxidizing chain reaction (Badarinath et al. 2010). Flax is also a good source of
phenolic compounds which have multiple biological functions such as antioxidants,
antiinflammatory, anticancer and antimicrobial activities (Amin and Thakur 2014).

In recent days, fermentation processing step is gaining much importance in food
market of both developing and industrialized countries, not only for the benefit
of preservation and safety, but also for their highly appreciated sensory attributes.
Fermented foods enhance nutritional quality and digestibility, improve food safety
and are traditionally acceptable and accessible (Holzapfel 2002; Rolle and Satin
2002). The principal objectives of fermentation are preservation and safeguarding of
foods and beverages.

Saccharomyces is a species of yeasts and it is known as baker’s yeast. It is used
in food processing industry to improve the nutritional quality of food and also better
shelf life. The purpose of this study is to investigate the phenolic content, flavonoid
content and antioxidant activity of Saccharomyces cerevisiae fermented flaxseed
extracts on a comparative basis of unfermented flaxseed extracts. It is quite important
to note that no reports are available to this kind of investigation.

2 Materials and Methods

Flaxseeds were procured from local market of Sealdah, Kolkata, West Bengal,
India. All chemicals and solvents were obtained from Sigma-Aldrich (MA, USA)
and Merck (Germany). S. cerevisiae was provided by food technology laboratory,
Jadavpur University, Kolkata, India.

2.1 Sample Preparation

Flaxseeds were sorted cleaned to remove the impurities. The seeds were grounded
by mixer grinder. Half of the powder soaked in n-hexane 1:10 ratio for 24 h and
filtered by What-man No.1 filter paper (removed oil with n-hexane). After filtration
the residue was dried at room temperature for 24 h. The whole and defatted flaxseeds
flour was packed in airtight container and stored at desiccators (30 °C) until required
for use.

2.2 Preparation of Unfermented and Fermented Flaxseed
Extract

5 grams of flaxseed powder was mixed with 100ml of distilled water and autoclaved.
After autoclaving, the sample was cooled at room temperature. For unfermented
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preparation, the sample was subjected to centrifugation at 6000 rpm for 15 min and
the supernatant was collected and stored at 18 °C until use.

However, for fermented preparation the sample was inoculated with S. cerevisiae.
The fermentation process was then carried out for a period of 24 h at 35 °C. The
sample was subjected to centrifugation at 6000 rpm for 15 min. The supernatant was
collected and stored at 18 °C until use.

2.3 Phytochemical Screening

The phytochemical screening was assessed by using a standard procedure described
by Bekal et al. (2015). Phytochemical screening was done to identify the major
phytochemical constituents such as tannins, saponins, flavonoids, phenols, alkaloids
and glycosides.

2.4 Determination of Total Phenolic (TPC)

The determination of total phenolic contents (TPC) of fermented and unfermented
extracts was based on Skerget et al. (2005). An aliquot of the extract (0.2 ml) was
mixed with 2.5 ml of Folin-Ciocalteu reagent and 2 ml of Na2CO3 (7.5%) and
incubated for 30 min at room temperature. Absorbance was measured at 760 nm
using distilled water as blank. The amounts of TPC were calculated using gallic acid
for calibration.

2.5 Determination of Total Flavonoid (TFC)

Flavonoids inflaxseed extractswere quantified byAlCl3 methoddescribed bySultana
et al. (2007). Total flavonoid content was expressed as catechin equivalents (CE).
Briefly, 1 ml of extract, 5 ml of distilled water, 0.3 ml of 5% NaNO2 were added and
mixed well, after 5 min 0.6 ml of 10% AlCl3 was added. After another 5 min 1 ml
of 1 M NaOH was added and volume made up to 10 ml with distilled water. The
solution was mixed well. Absorbance was recorded at 510 nm.

2.6 Free Radical Scavenging Activity Using DPPH Method

The free radical scavenging activity of the extracts was measured by 1, 1-diphenyl-
2-picrylhydrazyl (DPPH) method (Kaur et al. 2008). In a brief, 0.1 Mm solution of
DPPH was prepared. 1 ml DPPH working solution was mixed with 1 ml of extract
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solution at different concentrations. The absorbance was measured at 517 nm using a
spectrophotometer after 30 min. A solution of DPPH was used as a negative control.
The DPPH radical scavenging activity was calculated with the following equation:
DPPH Scavenging activity (%) = Ac − As/Ac × 100 (where Ac is the absorbance
of negative control and As is the absorbance of sample, respectively).

2.7 Fe2+ Chelating Activity

Metal Chelating activity was measured by the method of Hsu et al. (2003). Different
concentrations of flaxseed extracts were mixed with 0.1 ml of 2 mM FeCl2-4H2O,
0.2 ml of 5 mM ferrozine solution and 3.7 solvent were mixed in a test tube. After
10 min the absorbance was measured at 562 nm. Mixture without extract was used
as the control. The percentage of metal chelating activity was calculated using the
following equation: Iron chelating activity (Inhibition %) = [(Ac − As/Ac) × 100]
(where Ac = the absorbance of the control reaction and As = the absorbance in the
presence of the flaxseed extract.)

2.8 ABTS Radical Scavenging Activity

ABTS radical scavenging activity was measured by the method described by Re
et al. (1999), with modification. ABTS solution was prepared by mixing 5.0 mL of
7 mM ABTS solution with 88 of 140 mM potassium persulfate, and keeping in the
dark at room temperature for 16 h. Different concentrations of samples were mixed
with ABTS radical working solution and incubated for 15 min at room temperature
in dark. Absorbance was measured at 734 nm. ABTS radical scavenging activity
was calculated according to the following equation: ABTS (%) = (1- Absorbance of
sample/Absorbance of control) × 100.

2.9 Ferric Reducing Antioxidant Power Activity (FRAP)

Ferric reducing antioxidant power (FRAP) activity was based on the method of
Benzie and Strain (1996). Different concentrations of samples were mixed with 3 ml
of FRAP reagent and the mixture was incubated at 37 °C for 4 min. The absorbance
wasmeasured at 593 nm. Freshworking solutions of FeSO4 were used for calibration.
The result was expressed as µmol FeSO4 equivalents per ml of sample.
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2.10 Reducing Power Activity

The reducing power was assessed by themethod of Oyaizu (1986). Different concen-
trations of extracts (1 ml) were mixed with 2.5 ml of 0.2 M sodium phosphate buffer
(pH 6.6) and 2.5 ml of 1% potassium ferricyanide, and then the mixture was incu-
bated at 50 °C for 20 min. Then 2.5 ml of 10% trichloroacetic acid was mixed with
each test tube and centrifuged at 1000 rpm for 10 min. The upper layer (2.5 ml)
was mixed with 2.5 ml distilled water and 0.5 ml of 0.1% of ferric chloride, and the
absorbance was recorded at 700 nm. BHT was used as standards.

2.11 Identification of Phenolic and Flavonoid Compounds
by HPLC

Separation and identification of phenolic and flavonoid compounds were carried out
by High-Performance Liquid Chromatography. The HPLC was equipped with 2487
dual λ absorbance detector, column symmetry C18, reversed phase (4.6 × 250 mm,
5 µm) (Alliance, model-2695 from Waters). A constant flow rate of 1 ml/min was
used with two mobile phases: (A) 0.1% trifluroacetic acid in HPLC grade water;
and solvent (B) 0.5% phosphoric acid in 90% acetonitrile. The chromatograms were
recorded at 280, 210 and 370 nm. The identification was carried out by retention time
using external and internal standards of the individual phenolic acids and flavonoid
compounds. The concentration of an individual compound was calculated on the
basis of peak area measurements. All solutions were HPLC grade and were filtered
prior to HPLC analysis.

Statistical Analysis
All experiments were conducted in triplicates. Results were reported as their mean
values ± standard deviation. One-way analysis of variance (ANOVA) of the data
was carried out using the Tukey HSD test. P ≤ 0.05 was considered statistically
significant.

3 Results and Discussions

3.1 Phytochemical Screening

The result of phytochemical analysis was presented in Table 1. Phytochemical anal-
ysis for unfermented and fermented flaxseed extracts showed the presence of glyc-
erides, saponins, alkaloids and flavonoids. Tests for Sterols, terpinoids and tannins
were found to be negative. The presence of different phytochemicals in the extract
may be responsible for the therapeutic properties of flaxseed. Bekal et al. (2015)
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Table 1 Phytochemical screening of unfermented and fermented flaxseed extracts

Phytochemicals Whole
unfermented
extracts

Defatted
unfermented
extracts

Whole fermented
extracts

Defatted
fermented
extracts

Alkaloid + + + +

Glycoside − − − −
Saponin + + + +

Flavonoid + + + +

Phenolic + + + +

Tannin − − − −

in their study on phytochemical analysis of aqueous flaxseed extract showed the
presence of glyceride, saponin, flavonoid and alkaloid.

3.2 Total Phenolic Content

The total phenolic contents of whole and defatted fermented flaxseed extracts were
found to be 8.21 mg GAE/g and 9.93 mg GAE/g, respectively. The content is higher
than the phenolic contents of whole and defatted unfermented flaxseed extracts. The
result of total phenolic content was demonstrated in Table 2. The total phenolic
content results obtained in our study are higher than the results reported by Monica
and Joseph 2016, who reported 3.4 mg GAE/g for unfermented flaxseed extracts and
4.5 mg GAE/gm for Lactobacillus fermented extracts. The total phenolic content
of Lactobacillus plantarum fermented myrtus communis berries was found to be
significantly higher than the unfermented berries (Curiel et al. 2015), is also similar
to this report.

3.3 Total Flavonoid Content

The result of total flavonoid content was represented in Table 2. The table reported
that the flavonoid content of fermented whole and defatted flaxseed extracts were
higher than the unfermented extracts. This observation was similar to the findings
of other investigators, who reported that the total flavonoid content of L. plantarum
fermented myrtus communis berries is higher than the unfermented berries (Curiel
et al. 2015).
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Fig. 1 DPPH free radical scavenging activity (%) of the sample (WUF—Whole unfermented
sample, WF—Whole fermented sample, DUF—Defatted unfermented sample, DF—Defatted
fermented sample)

3.4 Antioxidant Activity by DPPH

DPPH radical scavenging ability of the fermented and unfermented flaxseed extracts
was presented in Figure 1. The IC50 value represents the concentration of sample
extract required to decrease DPPH activity by 50%. The lower IC50 value indicates
higher antioxidant activity in he sample. The defatted fermented sample showed
maximumDPPH scavenging effect of 42.33± 0.3% in 0.3mg/ml concentration with
IC50 value of 0.431 ± 0.004. The DPPH radical scavenging ability (IC50 value) of
the unfermented and fermented flaxseed extracts were showed in Table 2. It showed
that fermentation increased the scavenging ability of whole and defatted flaxseed
extracts. The DPPH radical scavenging activity of L. plantarum fermented Myrtus
communis berries higher than the unfermented berries (Curiel et al. 2015), similar to
our results.

3.5 Fe2+ Chelating Activity

The chelating activity of the extracts is showed in Fig. 2. Chelation of transition
metal is a mechanism of antioxidative action. Chelating agents help to disrupt the
complex formationwith the result that the red colour of the complex is decreased. The
chelating activity is measured by the measurement of colour reduction. The metal
chelating activity of the fermented and unfermented flaxseed extracts was presented



Effect of Saccharomyces cerevisiae Fermentation Process … 127

Fig. 2 Fe2+ chelating antioxidant activity (%) of the sample (WUF—Whole unfermented sample,
WF—Whole fermented sample, DUF—Defatted unfermented sample, DF—Defatted fermented
sample)

by IC50 value in Table 2. Sachharomyces cerevisiae fermented flaxseed extracts had
higher metal chelating activity than unfermented flaxseed extracts.

3.6 ABTS Radical Scavenging Activity

TheABTS radical assay is a widely usedmethod of screening for antioxidant activity
and is reported as a decolorization assay. The scavenging effect of the extracts is
showed in Figure 3. The ABTS scavenging activity of the fermented and unfer-
mented flaxseed extracts was presented by IC50 value in Table 2. Defatted S. cere-
visiae fermented flaxseed extracts had higher ABTS radical scavenging activity than
unfermented and whole fermented seed extracts. Similar result has been reported on
L. plantarum fermented myrtus communis berries (Curiel et al. 2015).

3.7 Ferric Reducing Antioxidant Power Activity (FRAP)

The ferric reducing antioxidant power activity of unfermented and fermentedflaxseed
extracts was presented in Table 2. It was clear from the results that the FRAP activity
of fermented flaxseed extracts were the highest among the unfermented extracts.
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Fig. 3 ABTS radical scavenging activity (%) of the sample (WUF—Whole unfermented sample,
WF—Whole fermented sample, DUF—Defatted unfermented sample, DF—Defatted fermented
sample)

3.8 Reducing Power Activity

Reducing power assay measures the electron-donating capacity of an antioxidant
(Yen and Chen 1995). The fermented flaxseed extracts had higher reducing power
activity than unfermented seed extracts. Results were shown in Table 2.

3.9 Identification of Phenolic and Flavonoid Compounds
for Defatted Unfermented and Fermented Flaxseed
Extracts by HPLC

HPLC was done for defatted unfermented and fermented extracts because they
contain higher total phenolic and flavonoid than whole unfermented and fermented
sample. The chromatographic profile of defatted unfermented and fermented flaxseed
extracts was presented in Table 3. Figure 4 and 5 showed the chromatograms of the
defatted unfermented and fermented flaxseed extracts. In this study aspartic acid,
gallic acid, valinic acid, vitamin-p, transcenamic acid, ferulic acid, elachic acid,
quercetin, kamferol were detected for both samples. Lignan which is an important
phytochemical had been identified in defatted fermented flaxseed extracts and it has
antioxidant and anticancer properties.
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Fig. 4 HPLC chromatogram of unfermented flaxseed extracts

Fig. 5 HPLC chromatogram of fermented flaxseed extracts

4 Conclusion

The present study demonstrated that the antioxidant activity of fermented flaxseed
extract is better than unfermented extract. Total phenolic content and flavonoid
content are also high in fermented seed extracts. Defatted fermented flaxseed extracts
enhanced DPPH radical scavenging effect; Fe2+ chelating antioxidant activity and
ABTS radical scavenging activity, whereas whole fermented flaxseed extracts
enhanced Ferric Reducing Antioxidant Power activity and reducing power activity.
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Study on the Antioxidant and Cytotoxic
Properties of Pyocyanin Extracted
from Pseudomonas aeruginosa

Sucharita Sengupta and Jayati Bhowal

Abstract Microbial pigments are a promising alternative source for natural
pigments. They possess a great potential for application due to their natural color,
safety, and low production cost. The present investigation is carried out on the
antioxidant assays, namely, 2,2-di phenyl-1 picryl-hydrazyl (DPPH), 2,2′-azinobis-
3-ehtylbenzthiazoline-6-sulfonate (ABTS), metal chelating activity, reducing power,
and ferric reducing antioxidant power (FRAP) of pyocyanin produced from Pseu-
domonas aeruginosa. Principal antioxidant compounds present in pyocyanin were
identified by HPLC. In vitro cytotoxicity study was carried out to evaluate the effect
of pyocyanin on MG-63 osteosarcoma cell line.

Keywords Pseudomonas aeruginosa · Pyocyanin · Antioxidant activity · MTT
assay · HPLC

1 Introduction

Microbes have been exploited for pigment production due to factors like relatively
large and easily manipulated strands of genes, independent of weather conditions,
etc. (Shaikh 2016). The increasing awareness of health and pollution hazards of
chemical dye has led to the resurgence of interest in microbial color (Kant 2012).
The most characteristic feature of Pseudomonas aeruginosa is the production of a
water-soluble blue-green phenazine compound known as pyocyanin (Sudhakar et al.
2013).
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The current study aims at the exploitation of different antioxidant activities
of pyocyanin, namely, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scav-
enging activity, ferric-reducing antioxidant power (FRAP) activity, 2,2′-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS) activity, reducing power assay (RPA),
metal chelating activity, and total phenolic content (TPC) and total flavonoid content
(TFC). In vitro cytotoxic effects of pyocyaninon osteosarcoma cell line MG-63 was
also studied. An in-depth study on the various antioxidant activities of pyocyanin has
been done. We reported for the first time, cytotoxic effect of pyocyanin on MG-63
osteosarcoma cell line.

2 Materials and Methods

2.1 Chemicals

Analytical grade chemicals and solvents were obtained from Sigma Aldrich, Sisco
Research Laboratories Pvt. Ltd. (SRL) and Merck, India. Standards like ascorbic
acid, ethylene diamine tetra acetic acid (EDTA), beta hydroxy toluene (BHT), gallic
acid, and catechin were procured from Sigma Aldrich. MG-63 osteosarcoma cell
lines were procured from National Centre for Cell Science (NCCS), Pune, India.

2.2 Screening of Pigment-Producing Microorganism

Screening of the pigment-producing microorganism from soil was previously
performed by serial dilution and spread plate method on nutrient agar plates and
incubated at 37 °C for 18–24 h. This study had earlier been reported in our previous
publication, Chatterjee and Bhowal (2016).

2.3 Identification of the Pigment-Producing Microorganism

Standard biochemical tests and molecular characterization of the microorganism
were done for the identification purpose (El-Fouly et al. 2015).
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2.4 Production and Extraction of Extracellular Microbial
Pigment

Extraction of the pigment was done by solvent (chloroform) extraction method and
was stored in a dark-colored glass container at−20 °C for future experimental work.
This work had already been reported in our previous publication (Chatterjee and
Bhowal 2016).

2.5 Antioxidant Activity of the Pigment

Evaluation of antioxidant potentiality of the pigment was done by various antioxidant
assays.

2.5.1 2,2-Di Phenyl-1 Picryl-Hydrazyl (DPPH) Assay

DPPH radical scavenging activity was carried out according to the method reported
by Lamien-Meda et al. (2008). DPPH solution in methanol (1:1) served as control.
Radical scavenging activity of the pigment was expressed in terms of percentage
inhibition of DPPH radical.

DPPH radical scavenging activity (%) = Acontrol − Asample

Acontrol
× 100%

where Acontrol is the absorbance of the DPPH+methanol and Asample is the absorbance
of free radical solution with the pigment. Ascorbic acid was used as the positive
control.

2.5.2 2,2′-Azinobis-3-Ehtylbenzthiazoline-6-Sulfonate (ABTS) Assay

The ABTS radical scavenging activity was determined by the method described by
Miller and Rice-Evans (1997). α-tocopherol was used as the positive control. The
scavenging activity on the ABTS radical was measured by the following equation:

% scavenging activity = Acontrol − Asample

Acontrol
× 100%
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2.5.3 Ferric-Reducing Antioxidant Power (FRAP) Assay

The reducing power of the sample was done with the modified method of Benzie
and Strain’s (1996). Catechin was used as positive control. The FRAP value was
determined from the standard curve of Fe2+ (FeSO4.7H2O).

2.5.4 Reducing Power Assay (RPA)

This assay was carried out according to the method reported by Jayanthi and Lalitha
(2011) with slight modifications. Ascorbic acid (AsA) and butylated hydroxy toluene
(BHT) were used as a positive and negative controls, respectively.

2.5.5 Metal Chelating Activity

The ability of pyocyanin to chelate ferrous ion was performed according to the
method reported by Dinis et al. (1994). EDTA was used as the positive control. The
percentage inhibition was calculated as follows:

Chelating ability (%) = Acontrol − Asample

Acontrol
× 100

2.5.6 Total Phenolic Content (TPC)

The concentration of phenolic compounds wasmeasured by themethod described by
Waterman and Mole (1994). Total phenolic content of the metabolite was calculated
from standard curve of gallic acid (1 µg/µl). Total phenolic content of the sample
was expressed as mg of gallic acid equivalents (GAEs) per gram of sample.

2.5.7 Total Flavonoid Content (TFC)

This assay was carried out according to the method reported by Quettier et al. (2000).
The content of flavonoid was calculated on the basis of the calibration curve of
catechin and the results were expressed as mg of catechin equivalents per gram of
extract.
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2.6 Identification of Principal Antioxidant Compounds
by High-Performance Liquid Chromatography (HPLC)

The pigment extract was subjected to HPLC analysis. Ascorbic acid, phenolic acids
(gallic acid and ferulic acid), and flavonoids (catechin, myricetin, quercetin and
kaempferol) were used as standards. The gradient elution was conducted according
to the Evaristo and Leitao (2001) method with minor modifications. Identification of
the compounds was done by comparison of their retention’s time and UV absorption
spectrum with those of the standards.

2.7 In Vitro Cytotoxic Effect of Pyocyanin on MG-63
Osteosarcoma Cell Lines

The cell viability onMG-63 bone cancer cell lines was determined by standard [3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] (MTT) assay (Hassani
et al. 2012). Optical density was read at 540 nm with DMSO as blank. The results
were expressed in terms of cell viability percentage.

Cell viability (%) = Acontrol − Asample

Acontrol
× 100

3 Results and Discussion

3.1 Screening of Pigment-Producing Microorganism

Among all the microorganisms that had been screened, a blue-green pigment-
producing bacterium was selected for further studies.

3.2 Identification of the Pigment-Producing Microorganism

Standard biochemical tests were done and positive results were recorded with growth
on MacConkeys agar medium, methyl red test, citrate test, nitrate reduction test,
catalase test, oxidase test, esculine hydrolysis test, and Tween 40 test. The report
of the molecular characterization revealed that the sequence obtained was 100%
identical to the partial gene sequence of 16S rRNA of P. aeruginosast Hema 10.
This strain was accessed in NCBI gene bank for MF419261.1. El-Fouly et al. (2015)
found the 16S rRNA gene sequence analysis of two isolates, namely, P. aeruginosa
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R1 and P. aeruginosaU3 which possessed 97% nucleotide sequence identity to those
of P. aeruginosa FPVC 14 and 94% similarity with those of P. aeruginosa 13.A,
respectively.

3.3 Production and Extraction of Extracellular Microbial
Pigment

Blue-colored microbial pigment was obtained after solvent (chloroform) extraction.

3.4 Antioxidant Assays

3.4.1 DPPH (1,1-Diphenyl-2-Picrylhydrazyl) Free Radical Scavenging
Activity

DPPH radical scavenging activity (%) was found to be 47.79 ± 0.05% and the
IC50 value was evaluated at 4.75 µg/ml. Ascorbic acid was used as standard. These
results are significantly higher than in the study carried out by Dahah et al. (2016)
who observed the IC50 value of pyocyaninat 3.15 µg/ml.

3.4.2 Free Radical Scavenging Activity (%) Against ABTS+

The ABTS+ radical scavenging activity was significantly (p ≤ 0.05) high, i.e., 43.63
± 0.3% at 3.50 µg/ml concentration of pyocyanin which was comparable to that of
standard, ascorbic acid. Pawar et al. (2015) reported that the bacterial pigment (PIGB
77) exhibited 38.9 ± 1.98% radical scavenging activity.

3.4.3 Ferric-Reducing Antioxidant Power (FRAP) Assay

FRAP value was recorded as 8.99 ± 0.23 for 1 mg/ml sample concentration. Ferric
chloride was used as the standard. This was significantly higher than the results of
Pawar et al. (2015) where it was reported that the FRAP value was 7.97 ± 0.12 for
1 mg/ml concentration of pigment produced by Pseudomonas argentinensis (PIGB
46) and 5.90 ± 0.13 for 1 mg/ml in case of the pigment produced by Pseudomonas
koreensis (PIGB 77).
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3.4.4 Reducing Power Assay (RPA)

RPA (mEq BHT/gm) of the pigment was found to be 34.8 ± 0.00. BHT was used as
the standard. Pawar et al. (2015) tested the reducing power activity with the pigment
produced by P. koreensis. The highest activity was recorded at 15 mg/ml.

3.4.5 Metal Chelating Activity (MCA)

MCA(%) of the pigmentwas found to be 20.78± 0.02 at 1.36mg/ml and it represents
the greatest inhibition activity when compared to the standard, EDTA. Mani et al.
(2015) observed in their study that FC1-3 showed the highest metal chelating activity
at 1.53 mg/ml.

3.4.6 Total Phenolic Content (TPC)

TPC was found to be 26.47 ± 0.9 mg GAE/ml. Gallic acid was served as standard.
In the study conducted by Mullick et al. (2015), it was reported that the TPC of the
pigment extracted from P. aeruginosa MTCC 741 was 23.53 ± 2.5 mg GAE/ml.

3.4.7 Total Flavonoid Content (TFC)

TFC was found to be 32 ± 0.82 mg CAE/ml which is higher than in the study
conducted byMullicket al. (2015)who reported that the TFCof the pigment extracted
from P. aeruginosa MTCC 741 was 30 ± 0.99 mg QE/ml.

3.5 Identification of Antioxidant Compounds Present
in the Pigment Extract by High-Power Liquid
Chromatography (HPLC) Analysis

The phenolic and flavonoid profiling of the pigment extract was identified by HPLC
coupled to photodiode array detector (Fig. 1). Aspartic acid, gallic acid, dihydroxy
benzoic acid (DHBA), trans cinnamic acid, and ferulic acidwere identified as the prin-
cipal antioxidant compounds present in the pigment extract. This has been reported
for the first time.
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Fig. 1 Peaks of principal antioxidant compounds in pyocyanin by HPLC
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3.6 In Vitro Cytotoxic Effect of Pyocyanin on MG-63
Osteosarcoma Cell Lines

The gradual decline in cell viability percentage established the non-cytotoxic
behavior of pyocyanin towardMG-63 osteosarcoma cell lines with respect to control
(Fig. 2). On day 1, the cell viability percentage was recorded to be 85.57% and
gradually decreased to 11.01% at the end of day 5. Moayedi et al. (2018) reported
that pyocyanin was able to reduce human pancreatic cancer (Panc-1) cells, inhibition
rate being by 89.88 ± 1.86%. He further added that pyocyanin could also induce
dose-dependent apoptosis in Panc-1 cells after 24 h.

4 Conclusion

In vitro investigations showed that pyocyanin exhibits promising antioxidant capacity
to scavenge free radicals in biological system. The pigment thus can be used as an
alternative natural antioxidant after toxicological examination. This high percentage
of free radical scavenging activity of the pigment at very minute concentrations gives
us a positive indication for the safe use of the pigment. In addition to this, the pigment
showed no cytotoxic effects on cultured MG-63 osteosarcoma cell lines.
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Effect of Metabolic Risk Factors, Gene
Polymorphisms and Family History
Among T2DM Population in Asian
Indians

Plaban Chaudhuri, Riju Ghosh, Mithun Das, Indrani Lodh,
and Riddhi Goswami

Abstract Women with a family history of diabetes (FHD) are at significantly
increased risk of developing gestational diabetes mellitus, which is itself an impor-
tant risk factor of childhood obesity and type 2 diabetes mellitus (T2DM) in early
age. Elevated C-reactive protein (CRP) is a marker of low-grade systemic inflam-
mation and involved in the etiology of diabetes. Insulin receptor substrate (IRS)
molecules are key mediators in insulin signaling and development of diabetes. The
present studywas conducted on 100healthy (non-diabetic, normotensive) adultAsian
Indian women, including 50 with and 50 without FHD, living in and around Kolkata,
India. During the gestation period they were studied twice, and followed up till
delivery. During delivery both mothers’ venous blood and cord blood were collected
to estimate serum CRP, glucose, and lipid profiles of the respective mothers and their
newborns.Genotypingof IRS-1, IRS-2 andCRPpolymorphismswasdone from these
blood samples. A comparison of the metabolic variables among the subjects with
and without FHD revealed significant differences among them. We also found close
association of several polymorphisms in case of all three genes for both mothers and
their newborn babies. More specifically, genotyping results for mothers with FHD
and their newborn babies show susceptibility to T2DM: (i) for IRS-1 via diseased A
allele (57%) which is carried over to the newborn babies (43%), (ii) for IRS-2 via
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diseased D allele (80%) which is carried over to the newborn babies (65%), and (iii)
for CRP via diseased G allele (70%) which is also carried over to the newborn babies
(72%). This study leads to the conclusion that Asian Indian population are ethnically
and genetically predisposed to the risk factors of diabetes, which is reflected in their
gestational phase and it has a significant implication on their birth outcomes.

Keywords Asian indians · Type 2 diabetes · Family history of diabetes · Gene
polymorphisms · Birth outcomes

1 Introduction

Metabolic syndrome (MetS) is the culmination of a number of risk factors which
give rise to a variety of potentially harmful diseases such as cardiovascular disease
(CVD) andmore importantly development of type 2 diabetesmellitus (T2DM).Other
factors which can give rise to MetS also include insulin resistance (IR), atherogenic
dyslipidemia, obesity, genetic inheritance, and high blood pressure. MetS can cause
a fivefold increase in T2DM (Borch-Johnsen 2007).

Diabetes mellitus (DM), one of the major contributing factors of MetS, is caused
by dysregulation of blood glucose. T2DM is the most common type of diabetes
with a frequency of 90-95% of all diabetic cases. This form of diabetes is caused
by both genetic and lifestyle factors which results in insulin resistance or deficiency
or both (Fraser and Lawlor 2014). According to International Diabetes Foundation
(IDF 2006), India is currently placed behind China in terms of diabetes. Diabetes is
spreading rapidly and consists of more than 62 million Indians with approximately
1 million Indians dying due to diabetes each year (Gale 2010).

T2DM is associated with a number of single nucleotide polymorphisms (SNPs)
among which IRS-1, IRS-2 and CRP are very common genes in South Asian popula-
tion. Among the two most common polymorphisms reported for IRS-1, Gly972Arg
polymorphism is more pronounced in T2DM patients. Even though four other poly-
morphisms exist, the most prominent polymorphism which targets IRS-2 is Gly1057
substituted to aspartic acid and this SNP has been reported with T2DM (Waqar et al.
2009). Genetic factors account for 40% of variance in plasma CRP levels and+1059
G > C polymorphism in CRP gene has been considered to be contributing factor
toward the progression of T2DM (Thalmaier et al. 2006).

Family history of diabetes (FHD) has been found to be most useful for predicting
T2DM when the disease is premature and thus adding FHD could provide signifi-
cant improvements in detecting undiagnosed diabetes (Yang et al. 2010). This study
correlates how FHD and other metabolic risk factors are related to these SNPs and
eventually lead to increased susceptibility toward T2DM and metabolic syndrome
in the next generation.
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2 Materials and Methods

In this study, 100 healthy adult Asian Indianwomen population, including 50without
FHD and 50 with FHD, were used to determine the risk for T2DM for both mothers
and their future generation. For this purpose, both mothers’ venous blood and cord
blood of their babies were used to determine their risk associated with T2DM by
taking biochemical measurements such as fasting blood sugar (7 ml), CRP for both
mother and their babies, triglycerides,HbA1C, andHDLcholesterol by auto-analyzer
(Robonik India) as perNECPATPPanel-III (InternationalDiabetes Federation 2006)
guidelines. This study was approved by the “Institutional Ethics Committee of the
Heritage Institute of Technology”.

Genomic DNA for all samples was isolated using DNA purification spin kit and
then amplified by using PCR (ABIBiosystemsUSA). For IRS-1, 221 bp PCRproduct
containing the polymorphic site (Gly972Arg) was digested with BstNI (Ijaz et al.
2019) and obtained the following bands: wild type homozygotes (GG)—two bands
at 31 and 190 bp, variant homozygotes (AA)—one band at 190 bp, and heterozygous
(GA)—three bands at 31, 190, and 221 bp. For IRS-2, 291 bp PCR product containing
the polymorphic site (Gly1057Asp) was digested with HhaI (Bodhini et al. 2007;
Ijaz et al. 2019) and obtained the bands showed at 268 bp and 23 bp, respectively.
For CRP, a 744 bp PCR product containing the polymorphic site (1059 G > C) was
digested byMaeIII (Thalmaier et al. 2006) andobtained the followingband:·digestion
of the less common 1059 C allele produced two smaller fragments with sizes of 434
and 310 bp. Digestion of the more common 1059G allele produced three fragments
with sizes of 310, 233, and 201 bp, respectively. Amplified products were separated
by electrophoresis on a 1.5% agarose gel containing ethidium bromide and bands
were then visualized by UV transilluminator (Kodak Ultra-cam Imaging, Japan).

3 Results and Discussion

3.1 Biochemical Analysis of Metabolic Risk Factors

Statistical analysis of the comparison of group differences (with and without FHD)
for all the variables (12 and 30 weeks of gestational period) was performed using
t-test (p < 0.05). Table 1 shows the biochemical parameters which were considered
during the study.

A comparison of the biochemical characteristics among the subjects with and
without FHD by two-tailed t-test revealed that there were significant differences
among them with respect to triglycerides (TG), total cholesterol (TC), fasting blood
sugar (FBS), HDL cholesterol, HbA1c (glycated haemoglobin), and C-reactive
protein (CRP), both at the gestational period of 12 and 30 weeks, respectively. This
indicates that family history plays a pivotal role in influencing metabolic variables
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Table 1 Baseline biochemical characteristics of the study population with respect to family history

12 weeks P-value
(without
FHD vs.
with
FHD)

30 weeks P-value
(without
FHD vs.
with
FHD)

Without FHD
(n = 50)

With FHD
(n = 50)

Without FHD
(n = 50)

With FHD
(n = 50)

TG
(mg/dl)

133.22 ± 18.47 207.50 ± 17.76 <0.05 133.94 ± 17.47 231.22 ± 29.86 <0.05

TC
(mg/dl)

212.58 ± 20.12 324.64 ± 22.77 <0.05 210.40 ± 19.64 328.78 ± 38.55 <0.05

FBS
(mg/dl)

91.00 ± 9.95 115.04 ± 8.52 <0.05 91.66 ± 9.62 128.10 ± 15.48 <0.05

HDL
(mg/dl)

52.92 ± 20.62 42.38 ± 8.22 <0.05 53.54 ± 19.57 40.78 ± 8.38 <0.05

HbA1c
(%)

4.81 ± 0.65 6.29 ± 0.39 <0.05 4.65 ± 0.68 6.26 ± 0.69 <0.05

CRP
(mg/L)

0.86 ± 0.17 4.42 ± 0.63 <0.05 0.85 ± 0.14 3.73 ± 0.82 <0.05

and thus triggering the metabolic risk factors early in gestational phase eventually
leading to complications such as T2DM leading to MetS in later life.

Comparison of subjects with respect to the CRP levels between the groups by
contingency chi-square analysis also revealed a statistically significant difference (p
< 0.05) in the number of subjects with FHD and without FHD (Table 2). It shows that
there is a significant difference in CRP values between groups of mothers with and
without FHD. This shows that mothers with FHD have a greater tendency toward a
high inflammatory status.

Newborn babies were classified with respect to the family history and CRP levels
of their mothers and then their CRP levels are compared in Table 3. Comparison
of CRP levels between these groups by two-tailed t-test also revealed a statistically
significant difference (p < 0.05) between the two groups of newborn babies. These
findings suggest that family history and perturbations in the gestational period are

Table 2 Difference in C-reactive protein (CRP) with respect to family history

Family history of
T2DM (FHD)

Classification with respect to C-reactive protein P-value

Number of mothers
with normal CRP
(0.3–1 mg/L)

Number of mothers
with high CRP (>
1 mg/L)

Total < 0.05

Without FHD 45 5 50

With FHD 3 47 50

Total 48 52 100
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Table 3 Differences in C-reactive protein (CRP) of the babies by mothers’ CRP and FHD

CRP of the babies of
mothers without FHD and
normal CRP (n = 45)

CRP of the babies of mothers
with FHD and high CRP (n
= 47)

P-value (without FHD vs.
with FHD)

Mean 0.82 3.65 < 0.05

SD ±0.11 ±0.58

reflected in the CRP values of the newborn babies and thus may influence the inflam-
matory status in those newborns whose mothers are with FHD compared to their
normal counterparts.

3.2 Genotyping of IRS-1, IRS-2 and CRP Genes

Table 4 shows genotyping results of IRS-1 genes of newborn babies with respect to
their mothers’ FHD and genotypes. This genotyping results of IRS-1 show that there
is a greater tendency for not only the mothers with FHD to progress to T2DM via
the diseased A allele (57%), but also to carry on the A allele to their newborn babies
(43%) in the next generation.

T2DM is classified as a heterogeneous disorder and genetic factors in terms of
Gly972Arg IRS-1 with environmental factors such as diet, physical activity and age
playing a pivotal role in progression to diabetes. This polymorphism is linked with
obesity-induced insulin resistance (IR) which can be proved by the fact that there is
a 50% reduction in insulin sensitivity among obese non-diabetic with polymorphism
versus obese without polymorphism (Clausen et al. 1995). Thus, Gly972Arg IRS-1
is associated with higher frequency of T2DM and hyperlipidemia which has a strong
susceptibility tometabolic syndrome (Baroni 1999).Basedon a studyonNorth Indian
Population of Jammu and Kashmir, Sethi et al. (2015) concluded that dysregulation
in IRS-1 can lead to enhanced risk of T2DM. Yousuf et al. (2018) have observed
in a study on Egyptian population that those who have IRS-1 polymorphism are
genetically predisposed to IR and hence T2DM. This is quite similar to our findings.

Table 4 Genotyping of IRS-1 Gly972Arg polymorphism

IRS-1 Mother Baby

Without FHD With FHD Without FHD With FHD

GG 32 (64%) 12 (24%) 31 (62%) 19 (38%)

GA 17 (34%) 19 (38%) 19 (38%) 19 (38%)

AA 1 (2%) 19 (38%) 0 (0%) 12 (24%)

G 81 (81%) 43 (43%) 81 (81%) 57 (57%)

A 19 (19%) 57 (57%) 19 (19%) 43 (43%)
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Table 5 Genotyping of IRS-2 Gly1057Asp polymorphism

IRS-2 Mother Baby

Without FHD With FHD Without FHD With FHD

GG 20 (40%) 5 (10%) 22 (44%) 10 (20%)

GD 22 (44%) 10 (20%) 15 (30%) 15 (30%)

DD 8 (16%) 35 (70%) 13 (26%) 25 (50%)

G 62 (62%) 20 (20%) 59 (59%) 35 (35%)

D 38 (38%) 80 (80%) 41 (41%) 65 (65%)

Genotyping results of IRS-2 genes of newborn babies with respect to their
mothers’ FHD and genotypes are shown in Table 5.

The genotyping results of IRS-2 (Table 5) show that there is a greater tendency
not only for mothers with FHD to progress to T2DM via the diseased D allele (80%),
but also to carry on the D allele to their newborn babies (65%) in the next generation.
For IRS-2, this mutation plays a major role in β-cell development and regulation of
β-cell mass which is evident in obese individuals. Aspartic acid is a charged amino
acid and this exchange, i.e., glycine to aspartic acid, is located close to two tyrosine
phosphorylation sites (1042 and 1072) (Cheatham and Kahn 1995) and this in turn
alters downstream signaling from IRS-2 (Stefan et al. 2003). Bodhini et al. (2007)
also reported the susceptibility of DD genotype toward T2DM risk in Asian Indians,
which is in line with our findings.

Table 6 shows genotyping results of CRP genes of newborn babies with respect
to their mothers’ FHD and genotypes. Genotyping results of CRP show that there is
a greater tendency for mothers with FHD to progress to T2DM via the diseased G
allele (70%) and also to pass on the G allele to its newborn babies (72%) in the next
generation. CRP is a potential biomarker for prediction of future risk for development
of CVD in both diabetic and non-diabetic individuals as even a small increase in
plasma CRP levels can lead to CVD. By taking into account the thrifty genotype
hypothesis, the ancestral version of alleles now prove to be having a detrimental
effect in present-day environment (Sharma 1998). Mahajan et al. (2009) had studied
North Indian population for relation of CRP with T2DM and found out that those

Table 6 Genotyping of CRP +1059 G > C polymorphism

CRP Mother Baby

Without FHD With FHD Without FHD With FHD

CC 25 (50%) 9 (18%) 23 (46%) 8 (16%)

CG 11 (22%) 12 (24%) 11 (22%) 12 (24%)

GG 14 (28%) 29 (58%) 16 (32%) 30 (60%)

C 61 (61%) 30 (30%) 57 (57%) 28 (28%)

G 39 (39%) 70 (70%) 43 (43%) 72 (72%)
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who have increased CRP are more prone to T2DM risk. We have also found similar
results in our study.

The above genotyping results of IRS-1, IRS-2 andCRPgenes suggest thatmothers
with FHD tend to cause the progression of diseased alleles to the next generation:
(i) for IRS-1 gene via GA genotypes, (ii) for IRS-2 gene via GD genotypes, and (iii)
for CRP gene via GC genotypes, increasing their risk toward T2DM.

4 Conclusion

This study suggests that patients carrying A allele (IRS-1), D allele (IRS-2) and G
allele (CRP) may contribute to GD and eventually to T2DM. The etiology of GD
involves a complex interplay of multiple genes, and environmental and immunologic
factors. Although no single theory can explain all cases, it seems that IRS-1 and IRS-
2 gene polymorphisms might be associated with increased risk of GD and eventually
T2DM, whereas the thrifty genotype hypothesis explains parental G allele to be
recognized as diseased allele for CRP mutation. In conclusion, having observed that
family history of diabetes (FHD) is indeed an important and independent risk factor
for genomic studies of complex diseases like T2DM, efforts should be made toward
translating this knowledge for use in public health programmers designed to detect
and prevent diabetes.
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Composition and Antioxidant Activity
of Vapours from Clove Bud During
Roasting

Moumita Dev, D. K. Bhattacharyya, and Minakshi Ghosh

Abstract The volatile chemical composition and antioxidant properties of essential
oil of clove buds and vapour of roasted clove buds have been revisited together. The
major bioactive compounds showed to be eugenol, β-caryophyllene, and eugenol
acetate; their different quantitative contribution justifies the unequal aroma and
antioxidant properties of clove products. Antioxidant activity of essential oil of clove
bud oil and its roasted vapour wasmeasured by 2,2′-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid) (ABTS) radical scavenging activity,α,α-diphenyl-β-picryl-hydrazyl
free radical (DPPH) scavenging activity, total reducing ability determination byFe3+–
Fe2+ transformation method (FRAP) and total phenolic content by TPC. Antioxidant
activity of the unroasted clove bud oil is greater than the vapours of the roasted clove
bud. Original clove bud (unroasted) contains 89.77 ± 0.03 DPPH, 74.47 ± 0.04
ABTS, 11.1 ± 0.1 FRAP, and 1.15 ± 0.06 TPC, whereas vapours of roasted clove
bud contain 60 ± 0.02 DPPH, 72.80 ± 0.03 ABTS, 1.56 ± 0.01 FRAP and 1.44 ±
0.07 TPC.Vapours of the roasted clove bud contain 74.19% eugenol whereas original
clove bud (unroasted) contains 94.73% eugenol. Different types of compounds are
present in vapours of the roasted clove bud oil.
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1 Introduction

Spices are vegetable products used to provide seasoning, flavouring and aroma to
foods (Peter and Babu 2012). They are commonly used to enhance the aroma of food
and some of them have been described as strong antioxidants, having other benefi-
cial qualities too. Spices used to have an important social role due to their ability to
perpetuate life and to heal through their use as medicines and in dieting. Spices are
able to enrich or alter the quality of food, for instance, changing the taste to give it zest
or a piquant, pungency or lasting flavouring, or a relish (Nurdjannah and Bermawie
2001). The role of spices is related to the bioactivity of their constituents, namely,
the antioxidant activity (Charles 2013; Shobana and Akhilender Naidu 2000; Lind-
berg Madsen 1995). Clove, the dried aromatic bud of the evergreen trees, Eugenia
caryophyllata (= Syzygium aromaticum) (Myrtaceae), has been used in the food
industry and domestic culinary purposes as a flavouring agent due to their medicinal
attributes and antioxidant activity and intense flavour (Nurdjannah and Bermawie
2001; Kamatou et al. 2012).

Clove bud and other flavour materials when heated generate invariable flavour
vapours which are normally lost during culinary preparation. The composition of
such vapours and their antioxidant activities are likely to be different from the original
material. Present study aims to characterize the composition and antioxidant activity
of the vapours that are formed and then collected during roasting. Composition
studies established by GC-MS and antioxidant activity by standard methods have
been done.

2 Materials and Methods

Clove buds were purchased from local market of Kolkata, West Bengal, India. All
the analytical grade chemicals and solvents were purchased from MERCK, INDIA.

2.1 Preparation of Samples

Roasting was carried from ground clove bud at around 80 °C in a round bottom
pan and vapours condensed through a condenser and eventually collected by
solubilization in petroleum ether (b.p. 40–60 °C) and later removing the solvent.
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2.2 Determination of Total Polyphenols (TPC)

Total polyphenols content (TPC) was determined by Singleton et al. (1999) method.

2.3 Determination of Antioxidant Activity

2.3.1 DPPH Free Radical Scavenging Activity Assay

The total antioxidant capacity of two samples was determined spectrophotometri-
cally, assessed using 1, 1-diphenyl 2-picryl-hydrazyl (DPPH) as followedbyShimada
et al 1992. 0.1 m mol solution of DPPH in methanol was prepared. The absorbance
was measured 30 min after the initial mixing of samples with 1 ml of DPPH solu-
tion at 517 nm. The ability to scavenge the DPPH radical was calculated with the
following equation:

Inhibition percentage (I%) = (A0 − A1)/A0

(A0 = absorbance of the control, A1 = absorbance of the sample).

2.3.2 Ferric Reducing Antioxidant Power (FRAP)

The ferric ions (Fe3+) reducing antioxidant power (FRAP) method was used to
measure the reducing capacity of samples, described by Benzie and Strain 1996. The
FRAP reagent consists of 10 mM TPTZ in 40 mM HCL, 250 mM sodium acetate
buffer (pH-3.6) and 20mMFeCl3. The reagent was freshly prepared bymixing TPTZ
solution, FeCl3 solution and acetate buffer in a ratio of 1:1:10. Samples (100μl) were
mixed with 900 μl of FRAP reagent.The mixture was incubated at 37 °C for 4 min
and the absorbance was measured at 593 nm.

2.3.3 ABTS Free Radical Scavenging Activity

ABTS+ assays were done bymodified procedure described by Re et al. 1999. ABTS+

(ABTS radical cation) was generated through the reaction between potassium per
sulphate (2.45μM) and ABTS stock solution. Themixture was kept in the dark place
for 16 h at room temperature before use. The resulting intense colour matches the
ABTS radical cations. The obtained solutionwas subsequently dilutedwithmethanol
and absorbance was measured at 734 nm. 1 ml of ABTS diluted solution was mixed
with 10 μl of sample and the reaction mixture was kept for 6 min before measuring
the absorbance at 734 nm. ABTS scavenging activity was calculated by the following
equation:
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Inhibition Percentage (I%) = (1 − A/A0) × 100
(A = absorbance of the sample, A0 = absorbance of the ABTS solution).

2.4 GC-MS Analysis

Two samples were analysed using GC-MS (Thermo Scientific). A fused silica capil-
lary column DB5-MS (30 m × 0.25 mm, film thickness 0.25 μm) was used with
helium as the carrier gas at constant pressure of 100 kPa, at a flow rate of 1 ml/min.
The injector and detector temperature was 250 °C. The components of the essen-
tial oil were identified based on a comparison of their retention indexes (RI), mass
spectra (NIST library) and literature data.

2.5 Statistic Analysis

Each analysis was carried out in triplicate. The results were expressed asmean values
and standard deviation. One-way analysis of variance was performed by ANOVA
with post hoc Tukey HSD (honestly significant difference) Test.

3 Results and Discussion

3.1 Antioxidant Activity of Clove Bud Oil and Roasted Vapour
of Clove Bud Using Reducing Power Assay (FRAP)

3.1.1 Reducing Power Assay (FRAP) of Clove Bud Oil and Roasted
Vapour of Clove Bud

The antioxidant activity of clove bud oil and roasted vapour of clove bud using
reducing power assay is presented in Table 1. The ferric ions (Fe3+) reducing antiox-
idant power (FRAP) method was used to measure the reducing capacity of clove

Table 1 The antioxidant activity of clove bud oil and its roasted vapour

Antioxidant activity Clove bud oil Roasted vapour

DPPH (%) 89.77 ± 0.03a 60 ± 0.02a

ABTS (%) 74.47 ± 0.04a 72.80 ± 0.03a

FRAP (μM/ml) 11.10 ± 0.12a 1.56 ± 0.01a

aValues are in terms ofmean±SDafter triplicate analysis. Same letter in a row represents significant
differences



Composition and Antioxidant Activity of Vapours … 155

bud oil and its roasted vapour. During roasting, there were decreased reducing power
capacity. Both control clove oil and roasted vapour showed FRAP in the range of
11.10 μM/ml–1.56 μM/ml and vapour sample had significantly lower antioxidant
activity than control.

3.1.2 DPPH Assay of Clove Bud Oil and Roasted Vapour of Clove Bud

The inhibitory effects of clove bud oil and roasted vapour of clove bud samples on
the DPPH activity were given in Table 1. DPPH presented the highest scavenging
power for clove bud oil (89.77%) among vapour sample. Clove bud oil, however,
exhibited a very different profile wherein a progressive decrease in DPPH activity of
roasted vapour samples (60%). There were significant differences observed between
above two samples.

3.1.3 ABTS+ Assay of Clove Bud Oil and Roasted Vapour of Clove Bud

As seen in Table 1, clove bud oil had an effective ABTS+ radical scavenging activity
(74.47%). Also, significant differences in ABTS+ scavenging potential could be
determined among control clove bud oil (without heat) and roasted vapour (72.80%).

3.2 Total Phenolic Content of Clove Bud Oil and Roasted
Vapour of Clove Bud

In present studies (Table 2), total phenol content (mgGAE/ml) in clove buds oil
with no heat treatment was 1.15 mgGAE/ml which increased significantly in roasted
vapour samples (1.44 mgGAE/ml).

Table 2 Total phenolic content of clove bud oil and its roasted vapour

Antioxidant activity Clove bud oil Roasted vapour

TPC (mgGAE/ml) 1.15 ± 0.06a 1.44 ± 0.07a

aValues are in terms ofmean±SDafter triplicate analysis. Same letter in a row represents significant
differences
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a. Clove bud oil 

b. Roasted vapour                                                 

Fig. 1 GC-MS analysis of clove bud oil and its roasted vapour

3.3 GC-MS Analysis

The GC-MS running time for clove bud oil and its roasted vapour was 45 min and
spectrum is shown in Fig. 1. Interpretation ofmass spectrumwas done using data base
of National Institute Standard and Technology (NIST). The active principles with
their retention time and concentration (%) are presented inTable 3. Thermal treatment
strongly influenced the chemical constituents, flavour and percentage composition
of the oils. The retention time for eugenol is nearly the same for vapour sample
compared to control. Gas chromatographic analysis of essential oils revealed that the
oils contained a complex mixture of compounds mainly monoterpene hydrocarbons,
phytocompounds and sesquiterpenes. A total of seven compounds were identified
in clove bud oil with no heat treatment and ten compounds identified for roasted
vapour sample. Clove bud oil contains 0.03% deca-1, 9-diyne, 0.08% ethylbenzol,
94.73% eugenol, 0.17% caryophyllene and other minor compounds, whereas vapour
sample contains 74.19% eugenol. During roasting alloaromadendrene, isoeugenol,
O-xylene and other minor compounds are formed. Some of the compounds have
been considered to be tentatively identified based on comparison in the NIST data
and in the absence of particular standard molecule.
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Table 3 GC-MS analysis of clove bud oil and its roasted vapour

Serial
No.

Compounds name Retention
time

Percentage (%)

Clove
bud
oil
(%)

Roasted
vapour
(%)

1. Deca-1,9-diyne 4.15 0.03

2. Ethylbenzene 6.1 1.26

3. O-Xylene 6.3 5.38

4. Ethylbenzol 6.37 0.08 –

5. 3,5-heptadiyn-2-one 6.88 – 0.48

6. 5-Chloro-2-nitrobenzylalcohol,chloromethyldimethylsilyl
ether

7.24 – 2.39

7. Eugenol 18.26 74.19

8. Eugenol 18.52 94.73 –

9. Benzamide,3-methyl-N-(2,3-dimethoxyphenethyl) 18.79 – 0.14

10. Alloaromadendrene 19.76 – 11.85

11. Furylmethyl2-methyl-3-furyl disulfide 20.52 – 0.51

12. Sesquiterpene 20.91 0.01 –

13. o-Anisic acid,undec-2-enyl ester 21.1 0.04 –

14. Isoeugenol 21.72 – 3.03

15. Caryophyllene 24.56 0.12 –

16. Benzene,1-(1,5-dimethyl-4-hexenyl)-4-methyl- 24.83 0.17

17. Benzenepentacarboxylic acid 34.38 1.75

4 Conclusion

Natural clove bud when roasted generates flavour molecules in vapour state which
on recovery shows significant changes in the composition as well as in antioxidant
activity. However, results indicate that roasted vapours can be utilized as flavouring
agent with great deal of antioxidant activity.
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Characterization, Purification
and Immobilization of an Acid Invertase
fromMentha Spicata (Pudina)
for the Production of Invert Syrup

Abhishek Mukherjee

Abstract Invertase (β-fructofuranosidase), a commercially important enzyme, for
the preparation of invert syrup, has gained importance due to its various biotechno-
logical applications in food and pharmaceutical industry. The present study reports
that a 68 kDa invertase (specific activity = 230 ± 25 U/mg protein), appreciably
present in Mentha spicata stem (1900 ± 100 U/100 g fresh wt.), was purified by
(NH4)2SO4 precipitation, ion exchange chromatography, size exclusion chromatog-
raphy and HPLC. The enzyme was stable in the pH range of 3.5–7.0 up to 55 °C,
with a Km of 7.9 mM sucrose. Hg2+ > PCMB > Ag+ > Pb2+ > Cd2+ inhibited the
enzyme activity. Iodoacetic acid, iodoacetamide, DTNB and N-ethylmaleimide did
not affect the invertase activity suggesting the non-thiol nature of the enzyme. The
enzyme hydrolyzed sucrose, raffinose and inulin (slightly) with no maltose or levan
hydrolyzing activities. The enzyme (3U/mL) completely hydrolyzed sucrose (8%
w/v) to invert syrup in 5 h at 50 °C. Immobilization of the enzyme on oxidized
bagasse (dialdehyde cellulose) increased its temperature optima (by 10 °C) and ther-
mostability (retaining 45 ± 2% and 30 ± 1% activities at 70 and 80 °C, respec-
tively). Immobilized enzyme system efficiently produced invert syrup from sucrose,
remaining 80 ± 1% active after 20th cycle.

Keywords Mentha spicata · Invertase · Sucrose · Enzyme immobilization ·
Bagasse

1 Introduction

Invertase (EC 3.2.1.26) or β-fructofuranosidase catalyses the cleavage of sucrose to
an equimolar mixture of glucose and fructose, known as invert syrup. Invert syrup
is sweeter than sucrose and does not crystallize easily (remains in liquid form), and
therefore widely used in food (as fondant filling for chocolates, confectioneries, jams
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and candy making, artificial honey), beverage (in soft drinks) and pharmaceutical
industries (Kulshrestha et al. 2013). The most successful commercial invertase is
derived from Baker’s yeast. Though phytoenzymes in food industry offer newmeans
to address energy savings and increase in efficiency and sustainability, they have not
been seriously commercialized except that of malt amylase (from barley), papain
and bromelain. Production of enzymes from microbial sources requires maintained
upstream process technology, which is cost-effective, but no such technology is
required for extracting phytoenzymes. The source plant itself acts like a bioreactor
producing the enzyme, which needs only to be harvested and extracted. Plant parts
such as stems, producing appreciable amount of extracellular enzymes, are a cheap
source, as these renewable parts can be harvested time to time (Mukherjee et al.
2012).

Mentha spicata L. (Lamiaceae) commonly known as spearmint, (in India as
‘Pudina’), is known to be endowed with a variety of biological properties and is
extensively used in culinary purpose and ayurvedic and folk medicines in the Indian
subcontinent (Güney et al. 2006; Kumar et al. 2008). However, till date, no reports
are available on the presence of macromolecules (enzymes) from the plant. This
is the first report of the presence of appreciable amount of any enzymatic activity
(invertase) in the stems of Mentha spicata.

2 Materials and Methods

2.1 Chemicals

Sucrose, bovine serum albumin (BSA, Fraction-V), DEAE-Sephadex (A50),
Bradford reagent, pepsin, trypsin (porcine pancreas), chmymotrypsin (porcine
pancreas), proteinase-K, maltose, raffinose, inulin (chicory root), melezitose, levan,
N-ethylmaleimide (NEM), p-chloromercuri benozoate (PCMB), iodoacetic acid,
iodoacetamide and 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide-hydrochloride
(EDAC) were all purchased from Sigma Chemicals, (St Loius, MO, USA). 3,5-
dinitrosalicylic acid (DNSA) and 5,5′-dithiobis-2-nitrobenzoic acid (DTNB) were
products of SRL.

2.2 Extraction of Enzyme

Mentha spicata stems (400 g) were chopped into small pieces (1–2 cm long) and
dropped immediately in 400 ml of 0.1 M phosphate buffer, pH 6.0 kept at 37 °C. The
mixturewas blended for 5min in awarring blender and the biomass squeezed through
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a nylon cloth to collect the extract (370 ml) which was centrifuged at 10,000 rpm to
obtain the clear supernatant (360 ml) which was subjected to ultra-filtration (using
PM 10 KDa membrane; Sartorius, Germany) and finally used as the source of crude
enzyme.

2.3 Determination of Enzyme Activity

Invertase activity was determined in 0.1 M acetate buffer, pH 5.0 at 50 °C using
2% (w/v) sucrose as substrate. Reducing sugars formed were estimated by DNSA
method. One unit of enzyme activity was taken as the amount of enzyme that could
produce 1μmole of reducing sugar/min under the assay conditions (Mukherjee et al.
2010). Protein was determined by coomassie brilliant blue protein assay reagent
(Bradford 1976).

2.4 Purification of the Enzyme

Enzyme was purified by (NH4)2SO4 precipitation (90% saturation), ion exchange
chromatography using DEAE-Sephadex (A50) column (3 cm × 25 cm), size exclu-
sion chromatography using Sephacryl S-300-HR column (1.5 cm × 60 cm) and
HPLC [BioSep-SEC-S-2000 (300 mm × 7.8 mm)]. Purified protein sample (40 μg)
was subjected to denaturing SDS–PAGE. The gels were also subjected to Periodic
Acid-Schiff (PAS) stain.

2.5 Determination of Physicochemical Properties
of the Enzyme

The pH optimum and stability of plant invertase was determined in the pH range
of 3.0–9.0 using various buffer systems. The optimum temperature and thermosta-
bility of the enzyme was determined in the temperature range of 20–80 °C. Effect
of different chemical modifiers on enzyme activity was determined by incubating 20
U of purified invertase separately (at 37 °C) with iodoacetic acid (50 mM), iodoac-
etamide (50 mM), NEM (50 mM), PCMB (1 mM), DTNB (5 mM) and EDAC
(50 mM) at their respective recommended pH buffers (Mukherjee et al. 2010). Effect
of various metal ions on purified invertase was determined by incubating 5 U/ml of
enzyme (in 0.1 M acetate buffer, pH 5.0; 37 °C) in presence of different metal ions
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(Hg2+, Ca2+, Mg2+, Zn2+, Fe2+, Fe3+, Cd2+, Cu2+, Ag+ and Mn2+) of 1 mM concen-
tration. Effect of proteolytic enzymes on the stability of invertase was determined by
pre-incubating (at 37 °C) purified invertase (25 U/ml) separately with pepsin (150
U/ml), trypsin (200 U/ml), chymotrypsin (132 U/ml) and proteinase-K (40 U/ml) in
their respective buffers.

Activity of purified invertase on various substrates (sucrose, maltose, raffinose,
melezitose, trehalose, inulin, levan, isomaltose) was determined in 0.1 M acetate
buffer, pH 5.0 at 50 °C. The kinetics of sucrose hydrolysis was studied in terms of
liberation of reducing sugars from the reactionmixtures (20ml) containing 3–6 U/ml
of purified invertase and 1%–8% (w/v) sucrose in 0.1 M acetate buffer, pH 5.0 at
50 °C.

2.6 Immobilization of Mentha spicata Invertase on Bagasse
Dialdehyde Cellulose

Bagasse (1 kg), collected from the local market, was boiled thrice in distilled water,
dried in a hot air oven (60 °C), chopped into small pieces (0.2–0.5 cm long), treated
alternatively with 1.25% (v/v) sulphuric acid and 1.25% (w/v) sodium hydroxide,
followed by thorough washing with distilled water and 95% (v/v) ethanol. The
biomass was finally dried in a hot air oven to obtain purified bagasse which was
oxidized (Varavinit et al. 2002) by soaking 40 g of biomass in 1 L of 0.03 M periodic
acid (pH-3.0; 90 °C), followed by washing (with distilled water) and oven-drying
to obtain cellulose-diadlehyde. 200 ml of crude concentrated enzyme solution (300
± 50 U/ml) in 0.1 M phosphate buffer, pH 6.0 was coupled with 24 g cellulose-
dialdehyde in four steps (using 6 g biomass each step). The treated bagasse was then
vacuum filtered, washed twice in distilled water, press-dried on a blotting paper and
stored at 4 °C in 0.1 M phosphate buffer, pH 6.0.

3 Results and Discussion

3.1 Yield and Storage Stability

Though invertase activity has been reported in plants, like potato tuber (Bracho and
Whitaker 1990), carrot (Lee and Sturm 1996), apple fruit (Pan et al. 2005), cherry
fruit (Krishnan and Pueppke 1990), chicory root (Van Den Ende and Van Laere
1993), Tinospora cordifolia stem (Mukherjee et al. 2012; Sengupta et al. 2013) etc.,
yet, except in Tinospora cordifolia (4500± 500 U/100 g fresh stem), the presence of
appreciable amount of enzyme has not been reported. Mentha spicata stem yielded
1900 ± 100 U of acid stable invertase/100 g when extracted with 0.1 M phosphate
buffer, pH 6.0 at 37 °C. Lyophilized stem powder yielded 8800 ± 400 U/100 g



Characterization, Purification and Immobilization … 163

while lyophilized aqueous extract yielded 15,000 ± 350 U/100 g of powder. It was
observed that invertase activity in the plant stem pieces (stored at 0–4 °C) rapidly
decreased to 50 ± 2% of its original activity after 1 week of storage but the aqueous
extract (from fresh stem) stored at 0–4 °C retained 83± 2% of its activity till 90 days.
Lyophilized plant stem pieces, powdered and stored at 0–4 °C or at room temperature
was found to be an excellent source of stable enzyme, retaining 90–95%of its activity
till 10 months of the study. Lyophilized (to dryness) aqueous extract stored at 0–4 °C
retained 95 ± 2% of its original activity.

3.2 Purification

The purified enzyme was recovered to the extent of 30 ± 1% of its original activity
with a specific activity of 274 ± 10 U/mg of protein (Table 1), displaying a molec-
ular weight of 68 kDa, similar to that of mung bean invertase (67 kDa), while neutral
invertase from carrot and mango invertase displayed a molecular weight of 57 kDa
(Lee and Sturm 1996) and 45 kDa (Li et al. 2017) on SDS PAGE, respectively.
Ion exchange chromatography on DEAE-Sepahdex column increased the specific
activity ofMentha invertase to almost six times (Table 1). Size exclusion chromatog-
raphy of the enzyme protein on Sephacryl S-300-HR column indicated presence of
a non-sucrase protein contamination eluted separately in lower molecular weight
range, thus increasing the specific activity of the enzyme (Table 1). The enzyme was
homogenous in Native PAGE and gave a single band in SDS PAGE. Both the bands
gave positive response to PAS staining indicating the enzyme to be a glycoprotein,
similar to that of potato tuber invertase (10.9% carbohydrate content) (Bracho and
Whitaker 1990).

Table 1 Steps of purification of invertase from Mentha spicata stem

Sample Total
enzyme
activity (U)

Total
protein
(mg)

Specific
activity
(U/mg
protein)

Fold
purification

%
Recovery

Crude extract (300 ml) 3300 ± 250 220 ± 20 12.2 ± 1.5 1 100

Concentrated (ultra-filtered
and lyophilized) extract
(60 ml)

3150 ± 75 203 ±7 14.3 ± 0.80 1.25 ± 0.2 94 ± 2

(NH4)2SO4 precipitation
(90% saturation) (10 ml)

2650 ± 100 115 ± 12 25 ± 2.50 2.04 ± 0.1 80 ± 2

DEAE-Sephadex (3 ml) 1850 ± 125 25 ± 6 75 ± 3.5 6.14 ±0.3 56 ± 1

Sephacryl S-300-HR (1 ml) 1100 ± 120 4.5 ± 0.4 230 ± 25 16 ± 1.2 33 ± 2

HPLC(BioSep-SEC-S-2000
column)

980 ± 20 3.6 ± 0.1 274 ± 10 22 ± 1 30 ± 1
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3.3 Physicochemical Properties

Purified invertase was found to be optimally active in the pH range of 4.0–5.5, with
optimal activity at 5.0, similar to that of Tinospora codifolia invertase (Sengupta et al.
2013), potato tuber invertase (Bracho and Whitaker 1990) and cherry fruit invertase
(Krishnan and Pueppke 1990). The enzyme retained 46± 2%, 75± 2% and 83± 1%
of its activity at pH 3.0, 4.0 and 5.0, respectively, after 3 h of incubation, displaying
maximum stability at pH 6.0 but lost 62 ± 2% of its activity at pH 8.0. Enzyme
activity increased with the increase in temperature till 60°C, being optimally active
in the range of 50–60°C and stable in the range of 0–55°C. pH and thermal stability
ofMentha spicata invertase makes it an effective remedy (oral enzyme therapy) for
sucrose intolerance. The enzyme need not be purified and can be used as a crude
concentrated powder or liquid as the source plant is completely non-toxic (Güney
et al. 2006; Kumar et al. 2008) and has been used since a long time in various
traditional flavoured drinks and recipes throughout the Indian subcontinent.

Mentha spicata invertase was completely inhibited by 1 mM PCMB (within
10min of incubation). On the other hand, DTNB, iodoacetamide, iodoacetic acid and
NEM had no significant effect on enzyme activity thereby suggesting its non-thiol
nature unlike that of papain, T. cordifolia amylase, bromelain and ficin (which are all
thiol enzymes). However, water-soluble carbodimide decreased invertase activity
by 49 ± 2% and 69 ± 1% in 2 and 4 h, respectively, suggesting the require-
ment of carboxyl group for its catalytic activity. The enzyme efficiently hydrolyzed
sucrose, displayed much less activity on raffinose, hydrolyzed inulin slightly but was
completely inactive on maltose, melezitose, trehalose, isomaltose and levan. Puri-
fied enzyme (3–6 U/ml) efficiently hydrolyzed 93–95% of 8% (w/v) sucrose in 5 h
(Fig. 2a). Purified invertase displayed Km and Vmax of 7.9 mM (2.7 mg/ml) and 0.90
μmole of reducing sugar/min, respectively, using sucrose as substrate. Invertase was
found to be strongly inhibited by heavy metal ions (Hg2+ > Ag+ > Pb2+ > Cd2+) at
1 mM concentration while Ca2+, Mg2+, Zn2+ had no significant effect on enzyme
activity. However, Mn2+ slightly increased the enzyme activity. It was observed that
the proteolytic enzymes (trypsin, chymotrypsin, proteinase-K) at their optimal pH
did not lower the activity of Mentha spicata invertase till 2 h of incubation.

3.4 Immobilization

Immobilization of invertase (Fig. 1) on oxidized bagasse (%activity yield=49±2%)
improved its temperature optima (by 10 °C) and thermostability. Immobilized inver-
tasewas found to be optimally active at 70 °C (instead of at 60 °C for soluble enzyme)
and displayed 24 ± 1% more activity than soluble enzyme at 80 °C. Soluble inver-
tase was sharply inactivated beyond 65 °C while the immobilized enzyme system
remained fairly stable retaining 45± 2% and 30± 1% of its activity at 70 and 80 °C,
respectively. The immobilized enzyme system could efficiently run for 20 successive
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Fig. 1 Scheme of enzyme immobilization

cycles (each cycle of 4 h duration), producing invert syrup from sucrose, remaining
85 ± 1% and 80 ± 1% active after 10th and 20th cycles, respectively (Fig. 2a, b).

Fig. 2 a Kinetics of sucrose hydrolysis by soluble and immobilized enzyme. Reaction mixtures
(20 ml) containing either purified (soluble) or immobilized enzyme were incubated separately with
8% (w/v) sucrose in 0.1M acetate buffer, pH 5.0 at 50 °C. Aliquots were withdrawn at different time
intervals and the amount of reducing sugars determined. b Efficiency of the immobilized enzyme
system. Immobilized enzyme system was used for 20 successive cycles (4 h duration each) of
sucrose hydrolysis (8% w/v of sucrose in 0.1 M acetate buffer, pH 5.0 at 50 °C) and the efficiency
of the immobilized enzyme system was determined (in terms of % relative enzyme activity) after
every cycle of operation
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4 Conclusion

Mentha spicata seems to be a good source of acid stable invertase obtained from a
non-toxic medicinal plant. The crude concentrated enzyme extract can effectively
be used for the production of invert syrup and also as a useful and safe remedy for
sucrose intolerance.
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Identification of Aqueous Extract of Red
Amaranth Leaves by HPLC and LC-MS

Arjuma Sultana and Uma Ghosh

Abstract The demand for natural antioxidants in the upcoming years is set to rise
exponentially due to increasing consumer awareness of harmful effects of synthetic
antioxidants on human health. Fruits and vegetables are rich sources of bioactive
compounds having antioxidant property. The natural dietary antioxidants of fruits
and vegetables promote health effect. Various flavonoids and phenolic acids present
in fruits and vegetables are responsible for prevention of several chronic diseases
including cardiovascular disease, inflammation, and cancers due to their antioxidant
properties. Red amaranth looks wonderful with purple or fully red in color. It is
a good source of nutrients with high-quality proteins, vitamins, minerals, fibers,
and bioactive compounds such as phenolics and pigments. Red amaranth leaves are
the rich source of polyphenol and antioxidant. They are also helpful to increase
the awareness of consumers in regards to the benefit of phyto-chemical. Solvent
extraction is one of the most common conventional methods for extraction of color
from leafy vegetables. The aim of the present study was to apply the conventional
aqueous extraction procedure in extracting the color of red amaranth leaves. The
aqueous extract was analyzed by high-performance liquid chromatography (HPLC)
and liquid chromatography-mass spectrometry (LC-MS) for identification of the
pigment. The result reveals the presence of anthocyanin pigment in red amaranth
leaves.

Keywords Red amaranth leaves · Bioactive compounds · Antioxidant · HPLC ·
LC-MS
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1 Introduction

Amaranth leaves are nutritious leafy vegetables. They grow in the lowland tropics of
Asia and Africa. They are of two types, namely, green amaranth and red amaranth.
Red amaranth looks wonderful with purple or fully red in color. It is a rich source of
calcium, iron, vitamin C, and protein (Khandaker et al. 2008). Because of these it acts
as a natural antioxidant to fight against infectious diseases like heart disease, cancer,
serious eye disease, andmuscular degeneration (Dasgupta and De 2007; Kumar et al.
2017). Bioactive compounds are present in red amaranth leaves. Bioflavonoid was
the most important topic for recent research mainly for their beneficial effects on
human health and applications as potential sources of natural food dyes. Natural
pigments are used as an eco-friendly alternative to synthetic dyes and also in textile
industry. In recent years, color plays an important role in the consumer acceptability
of food.Colorants are being used in food industry since centuries to enhance or at least
restore original appearance of foods and ensure uniformity as an indicator of food
quality. Color is the first characteristic perceived by the senses. Synthetic colorants
have always been a question of controversy regarding their safety. Consumers prefer
natural colorants than the synthetic ones, as they are increasingly concerned with
the safety of synthetic colorants. Therefore, interest in natural colorants has signifi-
cantly increased because of both legislative action and consumer awareness (Yousuf
et al. 2016). The present study deals with aqueous extraction of color from red
amaranth leaves and identification of the potent pigment by high-performance liquid
chromatography (HPLC) and liquid chromatography-mass spectrometry (LC-MS).

2 Materials

Red amaranth leaves were purchased from market. HPLC grade acetonitrile,
methanol, acetone, acetic acid, 36% pure hydrochloric acid, Millipore, and ferric
chloride (FeCl3)were purchased fromMerck. 2,2-azinobis (3 ethylobenzothiazoline-
6 sulphonate) (ABTS), triphenyltriazine (TPTZ), 2,4,6-tris(2-pyridyl)–1,3,5-
triazine, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethyl-2-
carboxylic acid (trolox), sodiumperoxy disulfate, Folin–Ciocalteu reagent, and gallic
acid were purchased from Sigma-Aldrich. Laboratory-grade de-ionized water was
used. All reagents were of analytical grade.
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3 Methods

3.1 Extraction Process

Red amaranth leaves were dried at 50 °C for 5–6 h in a tray drier. Dried leaves were
ground. Then 1 gm samples were dissolved in 100 ml of distilled water. Then the
extract was poured in a bottle which was tightly capped later. After that it was kept
in the water bath with continuous shaking at 80 °C temperature for an hour. Finally,
extract was cooled and filtered and stored at 4 °C. Then the extract was concentrated
by rotary evaporator and evaporates under reduced pressure and then lyophilized the
concentrated extract to get powder.

3.2 Determination of Moisture Content

10 g sample of red amaranth leaves were weighed accurately in a dry Petri dish and
dried at 105°C for 3 h. The sample is allowed to cool in desiccators, reweighed,
and the weight is recorded. The drying–cooling–reweighing procedure is repeated
until the weight is constant. The moisture content is measured using the following
equation:

Moisture content (%) = (A − B/B) ∗ 100

where A is the weight of the moist sample and B is the weight of the dry sample.

3.3 Determination of Ash Content

Porcelain crucible wasweighed accurately (A g). About 3 g of ground samplewas put
in the crucible and the crucible with the sample was weighed accurately (B g). The
sample was ashes in an electric muffle furnace, which can maintain the temperature
at 625 ± 25 °C overnight, cooled in the desiccators for 15 min, and the crucible
containing the ash was weighed (C g). Completeness of ashing was checked by
shaking with a platinum wire to discover whether there exist any unburnt particles
and if so, ashing is to be continued until constant weight. The ash content is calculated
using the following equation:

Ash content (%) = (C − A)/(B − A) ∗ 100
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where
A = weight of empty crucible (gm),
B = weight of crucible and sample (gm), and
C = weight of crucible and ash (gm).

3.4 Determination of FRAP Activity

The FRAP assay was determined according to the method of Li et al. (2012). In this
process, ferric (Fe3 +) ion was reduced to ferrous (Fe2 +) ion and the intensive blue
color was observed because of the formation of ferrous-tripyridyl-s-triazine (TPTZ)
at maximum absorbance of 593 nm. Absorbance was measured after 8 min and was
proportional to the combined ferric reducing/antioxidant power of the antioxidants in
the extracts. The percentage of inhibition of DPPH by the leaf extract was calculated
according to the following equation:

% of Inhibition = (
1 − Atest sample/Ablank

) × 100

where
Ablank = absorbance of the methanolic blank and
Atest sample = absorbance of the leaf extracts.

3.5 Determination of Total Phenol Content

Total phenol content was determined by using Folin–Ciocalteu reagent as described
by Li et al. (2012) and Pieroni et al. (2011). The absorbance of the reaction mixture
was read at 765 nm using a (U-1800, HITACHI, Tokyo, Japan) spectrophotometer.
The results were expressed as mg gallic acid equivalent/g dry weight (mg GAE/g
DW). Results were expressed of three independent extractions.

3.6 Determination of Total Anthocyanin Content

The total anthocyanin pigment content was estimated by the pH differential method
(Lee et al. 2005). 1 g of the defatted sample was extracted with 1 ml of acetonitrile
containing 4% acetic acid. The absorbance was measured at 510 nm and 700 nm
in buffers at different pH levels (pH 1.0 and 4.5). The total monomeric anthocyanin
was calculated by using the following equation:

A = [(A510 − A700) × pH1.0 − (A510 − A700) × pH4.5]
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Molar extinction coefficient of cyanidine-3-glucoside was 26,900 molar in
L mol−1 cm−1. Results were expressed as milligrams of cyanidine-3-glucoside
equivalent (CGE) 100 g_1 DW.

3.7 Identification of Red Amaranth Aqueous Extract
by HPLC Methods

For removing the sugar and acid from the aqueous extract, 1% trifluoroacetic acid
(TFA) in methanol was added to it and then it was pass through a supelclean LC-
18 cartridge (María de Lourdes Vargas y Vargas et al 2013). A high-performance
liquid chromatography (HPLC) (Alliance 2695 HPLC system; Waters Corporation,
Massachusetts, MA) is equipped with a binary pump, a dual λ absorbance UV
detector 2487, an inline degasser, and the Empower 2 software. The separations
were performed using Symmetry C-18 reversed-phase column (250 mm × 4.6 mm
length, 5 μm particle size) at 30 °C. Acidified water with 0.1% TFA (v/v) was used
as mobile phase A and HPLC grade acetonitrile with 0.035% formic acid (v/v) was
used as phase B. The injection volumewas 20μl. The following gradients were used:
10%–11% of B in 12 min, 11%–12% in 8 min, 12%–13% in 5 min, 13%–18% in
10 min, and 18% of B maintained for 25 min. The anthocyanins were analyzed with
a visible detector at 520 nm. Before injecting it, the sample was filtered through a
0.45 μm acrodisc (Millipore, Bedford, MA). The flow rate was kept at 1 ml/min. For
the identification of anthocyanin cyaniding-3-glucoside was used as a standard. The
amount of phenolic compound was expressed as milligram per gram of the extract.

3.8 Qualitative and Quantitative Analysis of Aqueous Red
Amaranth Leaves by LC-MS

Analyses were performed using a Waters Xevo–G2 XS Q-TOF mass C-18 column
(100 × 2.1 mm i.d.; particle size 5 μm) and as mobile phase a gradient of 0.1%
formic acid as eluent A and acetonitrile (LC-MS grade, J. T Becker) as eluent B. The
flow rate was 0.250 ml/min and the amount injected was 10 μl. Here, the column
back pressure was used as 1490 bar and the temperature was set at 25 °C. An electro-
spray ionization source (source block temperature 130 °C, desolvation temperature
300 °C, capillary voltage 3 kV, cone voltage 35 V) was used when the desolvation
and cone gas flow rate were 650 and 50 L/h, respectively. The flow generated by
chromatographic separation was directly injected into the electro-spray ion source
for mass detection. Positive ion as well as negative ion mode was used for mass
detection.
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Table 1 Composition of fresh red amaranth leaves (dry basis)

Moisture content
(%)

Ash content (%) Total phenol
content (μg
FAE/g dw)

Antioxidant
activity (% of
inhibition)

Total anthocyanin
content (mg/100 g
of fresh sample)

89.39 1.25 161.29 35.13 161.9

4 Results and Discussion

4.1 Composition of Fresh Red Amaranth Leaves

From Table 1, the moisture content of red amaranth leaves is 89.39%. The ash
content of the sample is 1.25% per gram of sample, which indicated the amount
of micronutrient composition in red amaranth leaf. The total phenol content of red
amaranth leaves is 161.29 μgFAE/g dw. Antioxidant content of red amaranth leaves
is 35.13 (% inhibition). Results indicated that the extracted red amaranth leaves
contained about 161.90 mg/100 g on fresh weight of anthocyanins pigments and
declared that red amaranth leaves contained high concentration of total anthocyanins.
These results are in agreement with that obtained byM.T.M. Assous *, M.M. Abdel-
Hady, Ghada M. Medany (2014).

4.2 Identification of Red Amaranth Leaves Aqueous Extract
by HPLC Methods

HPLC methods are applied for separation and purification of bioactive compounds
in plant samples (Robbins et al. 2003; Zhang and Kou 2004). It also helps to iden-
tify the accurate structure of bioactive compound from natural sources (Patel et al.
2010). This analytical technique is used for the qualitative or quantitative analysis
of non-volatile compounds like phenolics, terpenoids, and alkaloids (Harborne et al.
1973). These highly capable methods accelerate the analytical separation with higher
sample loading capacity (Long et al. 2014; Chen et al. 2012). Estimation of qualita-
tive analysis of the analyzed sample depends on the stability of retention time of the
referred standard. When the standards are injected at different dilution levels quan-
titative estimation is performed by standard curve obtained (Pang et al. 2016). Five
major peaks have been identified byHPLC for the aqueous red amaranth leaf extracts.
Here, we are using cyanidin-3-glucoside as a standard. Cyanidin-3-glucoside gave a
maximum absorption at 518 nm. Peonidin, delphilidin, petunidin, and malvidin had
similar spectra with maximum absorption at wavelengths 524 nm, 530 nm, 532 nm,
and 534 nm, respectively.Anthocyanins pigments extracted from red amaranth leaves
were separated and identified by HPLC as shown in Fig. 1.
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Fig. 1 HPLC chromatogram of red amaranth leaves aqueous extract and the standard curve of
anthocyanin (cyaniding-3-glucoside): aspartic acid (6.7 min), gallic acid (7.0 min), protocatechuic
acid (7.2 min), vanillic acid (8.4 min), anthocyanin (11.03), catechin (12.5) min, rutin (12.8 min),
trans-cinnaminic acid (13.0), ferulic acid (13.1 min), quercetin (13.9 min), and kampferol (14.5)

Figure 1 represents the HPLC of aqueous extract of red amaranth leaves and
the standard curve of anthocyanin (cyanidin-3-glucoside). Five phenolic compounds
from the aqueous red amaranth leaf extracts were separated and successfully identi-
fied by using a HPLCmethod (Fig. 1). Figure 1 shows five different peaks at different
retention times (6.661, 7.743, 11.086, 12.814, and 14. 399). This aqueous extract has
aspartic acid, proto-catechuic acid, anthocyanin, rutin, and kampferol. From the stan-
dard curve of cyaniding-3-glucoside, we have to see the retention time of anthocyanin
is 11.038. Therefore, from Fig. 1, we have to conclude that anthocyanin was present
in the aqueous extract of red amaranth leaf.

4.3 LC-MS of Red Amaranth Leaves Aqueous Extract

Amass spectrometer combinedwith a liquid chromatography can detectmass charac-
teristics of a compound or of a class of compounds. The system can selectively detect
compounds of interest in a complex matrix, thus making it easy to find and identify
suspected impurities at trace levels. Presently, LC-MS is the most popular identifica-
tionmethod for bioactive compounds fromnatural sources. LC-MSprovides the exact
or predicted molecular weight of the extract sample. It also gives the structural iden-
tification by calculating the accurate mass-to-charge (m/z) ratio of the compounds
(Stalikas et al. 2010). Polyphenols are the most common bioactive compounds in
plant sample. LC-MS is the most efficient method for separation of flavonoids from
natural sources. Flavonoids are detected depending on the chemical composition.
UV absorption spectrum and the retention time of the reference standard indicated
the chemical composition of the compounds. If the retention times of two compo-
nents are nearly same then on the basis of multiple wavelength detection systems
absorption spectra is separated. Flavonoids have O-glycoside and C-glycoside and
as a result the substitution patterns of methoxy and hydroxyl groups are in small
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Fig. 2 These two corresponding figures represent the mass spectrum of aqueous red amaranth leaf
extract

wavelength range of both bands. In flavonoids analysis, ESI and APCI are used as
an ionization source. Mass spectrometry imparts structural information of phenolic
compounds by identifying the distribution pattern of the components (Mandal et al.
2010). In several cases, due to the presence of impurity in the sample, the analyzed
compound may not have reached the accurate corresponding fragment ion.

The volatile compounds are usually present in plant polyphenol as acylated with
aliphatic and aromatic acids to the glycosidic part. So it is very difficult to iden-
tify the structure of acylated flavonoid glycosides. Figure 2 shows the LC-MS
of aqueous extract of red amaranth leaves. The mass spectrum of this unknown
compound contained some fragments at m/z 287, (cyanidin), m/z 303, (delphinidin),
m/z 317 (petunidin), m/z331 (malvidin), m/z 435 (cyaniding-3-arabinoside), m/z
449 (cyaniding-3-galactoside), m/z 465(delphinidin-3-glucoside and delphinidin-3-
galactoside), andm/z 493(malvidin-3-glucoside). This result shows that anthocyanin
was present in the aqueous extract of red amaranth leaves.

5 Conclusion

In comparison of phenolics and anthocyanin composition, red amaranth leaf has
nutritional value as well as antioxidant property. On the basis of color characteris-
tics, total phenol content, total antioxidant, total anthocyanin content, and composi-
tion of major phenolic and anthocyanin compounds will help with further scientific
evaluation of red amaranth leaf. The strong positive correlations between the bioac-
tive phytochemicals (TPC and TANC) and the antioxidant activities (FRAP) suggest
that anthocyanin, rutin, catechin, quercetin, and other phenolic compounds as well
as amaranthines were the main antioxidants in red amaranth leaves. So we have to
conclude that anthocyanin pigment is present in the aqueous extract of red amaranth
leaf.



Identification of Aqueous Extract of Red Amaranth … 175

Acknowledgements The authors acknowledge financial support of Maulana Aazad National
fellowship under the scheme UGC (Ref- F1-17.1/2017-18/MANF-2017-18-WES-80905/(SA-
III/Website)), Government of India.

References

ChenQ, Li Y, Chen Z et al (2012) Separation, identification, and quantification of active constituents
in Fructus Psoraleae by high-performance liquid chromatography with UV, ion trap massspec-
trometry, and electrochemical detection. J Pharm Anal 2(2):143–151. http://www.elsevier.com/
locate/jpa

Harborne BJ et al (1973) Phytochemical methods: a guide to modern techniques of plant analysis.
Springer Netherlands. https://doi.org/10.1007/978-94-009-5570-7

Khandaker L, Ali B, Oba SM et al (2008) Total polyphenol and antioxidant activity of red Amaranth
(Amaranthus tricolor L.) as affected by different sunlight level. J Jpn Soc Hortic Sci 77(4):395–
401. https://www.researchgate.net/publication/250169525

Kumar RB et al (2017) Application of HPLC and ESI-MS techniques in the analysis of phenolic
acids and flavonoids from green leafy vegetables (GLVs). J Pharm Anal. http://dx.doi.org/10.
1016/j.jpha.2017.06.005

Li H, Deng Z, Zhu H, Hu C, Liu R, Young JC, Tsao R (2012) Highly pigmented vegetables.
Anthocyanin compositions and their role in antioxidant activities. Food Res 46:250–259. https://
doi.org/10.1016/j.foodres.2011.12.014

Long Y, ZhangW,Wang F, Chen Z et al (2014). Simultaneous determination of three curcuminoids
in Curcuma longa L. by high performance liquid chromatography coupled with electrochemical
detection. J Pharm Anal 4(5):325–330. https://doi.org/10.1016/j.jpha.2013.10.002

Pang B, Zhu Y, Lu L, Gu F, Chen H et al (2016) The applications and features of liquid
chromatography-mass spectrometry in the analysis of traditional Chinese medicine. Evidence-
Based Complementary Alternative Med. http://dx.doi.org/10.1155/2016/3837270

Patel NK, Patel KJ, Patel PM, Rajput CG, Patel AH (2010) Introduction to hyphenated techniques
and their applications in pharmacy. Pharm Methods 1(1):2–13. https://doi.org/10.4103/2229-
4708.72222

Pieroni GL, Rezende DMF, Ximenes FV, Dokkedal LA et al (2011) Antioxidant activity and total
phenols from the methanolic extract of miconia albicans (Sw.) triana leaves. Molecules 16:9439–
9450. https://doi.org/10.3390/molecules16119439

Robbins JR et al (2003) Phenolic acids in foods: an overview of analytical methodology. J Agr Food
Chem 51:2866–2887. https://doi.org/10.1021/jf026182t

Vargas M, Cortez J, Duch E, Lizama A, Méndez C et al (2013) Extraction and stability of antho-
cyanins present in the skin of the dragon fruit (Hylocereus undatus). Int J Food Sci Nutr
4:1221–1228. https://doi.org/10.4236/fns.2013.412156

Zhang Z, Kou X et al (2004) Comparison of HPLC methods for determination of anthocyanin and
anthocyanidins in bilberry extracts. J Agr Food Chem 52:688–691. https://doi.org/10.1021/jf0
34596w

http://www.elsevier.com/locate/jpa
https://doi.org/10.1007/978-94-009-5570-7
https://www.researchgate.net/publication/250169525
http://dx.doi.org/10.1016/j.jpha.2017.06.005
https://doi.org/10.1016/j.foodres.2011.12.014
https://doi.org/10.1016/j.jpha.2013.10.002
http://dx.doi.org/10.1155/2016/3837270
https://doi.org/10.4103/2229-4708.72222
https://doi.org/10.3390/molecules16119439
https://doi.org/10.1021/jf026182t
https://doi.org/10.4236/fns.2013.412156
https://doi.org/10.1021/jf034596w


Preparation and Utilization of Hydroxy
Fatty Acid Rich Soyphospholipid
for Emulsifier Application in Food
Products

Gargi Saha, D. K. Bhattacharyya, and Minakshi Ghosh

Abstract Phospholipids have been used as an emulsifier in the food product industry
for years because of its distinct surface-active properties. Modification of phospho-
lipid can improve the surface-active property for better food applications. The study
focuses on the modification of phospholipid in terms of their fatty acid composition
introducing hydroxy fatty acid. The incorporation of hydroxy fatty acid in phospho-
lipid was carried out by enzymatic interesterification reaction at 60 °C temperature
for 6–24 h. The incorporation of hydroxy fatty acid in phospholipid was 29.99 ±
0.11%. The antioxidant property and surface-active property were determined and
significant changes were measured. Antioxidant activity was improved and surface
tension was reduced. The modified phospholipid shows the better surface-active
property. As hydroxy fatty acids are unabsorbed in the human body, it may show
some reduction of cholesterol level in blood as in terms of composition similar to
sucrose polyester. The use of such emulsified products offers a new kind of usage
for healthcare.

Keywords Soyphospholipid · Hydroxy fatty acid · Emulsifier · Margarine

1 Introduction

Soyphospholipidmodification comprising fatty acyl groups interchange and incorpo-
ration of individual fatty acid has been studied generously. These modified products
are already stated as nutritionally beneficial and virtuous emulsifier.
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During the incorporation of hydroxy and epoxy fatty acids in soyphospholipids
by transesterification reaction using either a lipase catalyst or a chemical catalyst, the
changes in surface properties such as effectiveness of interfacial tension reduction
(γ CMC), critical micelle concentration (CMC), maximum surface excess concentra-
tion (�max), minimum area/molecule at the interface (Amin), and free energy change
of micellization (�G°mic) of modified soyphospholipids showed accented variances
from original soyphospholipids (Das and Bhattacharyya 2006).

T. Vijeeta showed “1-Ricinoleoyl-2-acyl-sn-glycero-3-phosphocholine was
prepared by incorporating ricinoleic acid completely in the sn-1 position of egg and
soya phosphatidylcholine (PC) using immobilized phospholipase A1 as the catalyst.”
The hydroxy fatty acids (also known as ricinoleic acids) in the phospholipids divulge
hydrophilic properties to improve moisture retention of lecithin with increased water
dispersibility (Vijeeta et al. 2004). These kind of modified (hydroxylated) phospho-
lipids are suitable in baking applications where it can increase the dispersion of fats
and impede staling (Schmidt and Orthoefer 1985).

The objective of this study is to suggest that the use of suchmodified phospholipid
with hydroxy fatty acid may involve in reducing cholesterol level similar to sucrose
polyester (SPE) or olestra. M. M. Chakrabarty showed that SPEs were considered
as no calorie fat substitutes of some spreads or margarines which are indigestible for
humans and often used to control plasma cholesterol levels as well as for slimming
diet (Chakrabarty 2003).

Among most of the vegetable oils, an unusual chemical characteristic is present
in castor oil. It is a triglyceride derived from ricinoleic acid (12-hydroxy-9-
octadecenoic), constituted of 90% of a typical hydroxylated fatty acids and 10%
of non-hydroxylated fatty acids, generally oleic and linoleic acids (Conceição et al.
2007). The oil is safe and biocompatible with viscous, pale yellow, non-volatile,
and non-drying oil characteristics having a bland taste too. The shelf life of this oil
comparatively to other oils is commendable and does not easily get rancid unless
exposed to extreme climate. There are numerous medicinal uses of castor oil other
than purgative or laxative since ancient times and it also becomes highly valuable
for industrial purposes (Ogunniyi 2006).

A superior presence of hydroxy acid in the castor oil is revealed in its colligative
properties, such as high values of viscosity and density (Conceição et al. 2007).

The modification of hydrophobic group of phospholipids is influenced by the
nature and packing of phospholipids at oil–water interface for the emulsification.
The unsaturated fatty acids present in phospholipid molecules make it more rigid
and therefore obstructed negatively on its packing at the interface. The amount of
the unsaturation was reduced through modification, which made the modified phos-
pholipid less rigid and flexible. This flexible structure of phospholipid will effect
in densely packed surfactant arrangement and the interaction between phospholipid
molecules and aqueous film will increase at the oil–water interface. This supports
to expand the interfacial activity of phospholipid (Nyankson et al. 2016). There-
fore, the emulsion stability will enhance by improved interaction between surfactant
and aqueous film at oil–water interface which may offer a strong barrier to droplets
coalescence (Chiplunkar and Pratap 2017).
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The present study investigates the modification of soyphospholipid with castor
oil to produce hydroxy fatty acid or ricinoleic acid rich soyphospholipid which may
open a new range of emulsifiers in food industry and produce fat-based margarine
products.

2 Materials and Methods

2.1 Materials

Soyphospholipid (SPL): SPL has been collected from Ruchi Soya Industries Ltd.,
Nagpur, India.

Castor Oil (CO) and rice bran oil (RBO): CO and RBO have been collected from
market.

Enzyme: Enzyme RM IM (Rhizomucour miehei) has been received as a gift from
Novozymes A/S, Krogshoejvej 36, 2880 Bagsvaerd, Denmark.

Palm stearin: It has been collected fromBudgeBudgeRefineriesLimited,Kolkata,
India.

2.2 Deoiling of Soyphospholipid

Deoiling of crude soyphospholipid was performed by acetone (in 1:7 w/v ratio)
treatment repeatedly until the acetone layer was colorless. Acetone was removed
under vacuum pressure and soyphospholipid was isolated (Saha et al. 2018). The
yield of deoiled SPL was 86% with 95.56% purity based on phosphorus content of
SPL (Chen et al. 1956).

2.3 Enzymatic Interesterification

The parameters studied were molar ratio and time. Different molar ratios such as 1:1,
1:2, 1:3, and 1:4 of SPL and castor oil were taken, whereas 1:4 ratio was suitable
for reaction for experiments. Blend of SPL and castor oil was heated up to 60 °C
temperature to obtain an even solution. Enzyme (10%) was then added as catalyst.
After 6, 12, and 24hof stirring at a constant speed of 300 rpm, sampleswere collected.
The collected mixture was then cooled at room temperature. Chloroform was then
added to it to separate the enzyme by filtration and the solvent was dried under
vacuum. By repeated extraction with acetone the interesterified soyphospholipid and
oil were separated (Saha et al. 2018).
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2.4 Fatty Acid Analysis of Esterified Phospholipid and Oil

Isolated products were methylated by adding 1 mL diethyl ether and 1 mL of 0.5 N
methanolicKOH, followed by shaking themixture for 10min vigorously. HCl (1mL,
1 N) was added, and the methyl esters of fatty acids were extracted with petroleum
ether (40–60 °C) (Litchfield 1972). Gas chromatographic analysis was next done as
follows.

2.5 Gas Chromatography

Fatty acid methyl esters were analyzed on a Hewlett-Packard gas chromatograph
(HP 5890A) (7890B GC system of Agilent Technologies), equipped with a flame
ionization detector (FID) and capillary DB-Wax column (30 mL, 0.250 mm I.D,
0.25 µm FT). The column temperature was programmed between 150 and 240 °C.
The different fatty acid methyl esters and the standard sample were separated on the
same column under identical conditions. N2 as a carrier gas was used at 25 mL/min
(Saha et al. 2018).

2.6 Antioxidant Activity Determination by 1,
1-Diphenyl-2-Picrylhydrazyl (DPPH) Radical Inhibition
Assay

DPPH assay was determined by method of Blois (1958) and modified by Saha et al.
(2018). Each sample was added to 1 mL of 1 mMDPPH in chloroform. The decrease
in absorbance was monitored at 517 nm until a constant reading was obtained. The
readings were compared with the controls, which contained solvent (chloroform)
instead of the extract. The percentage inhibition was calculated as follows:

% inhibition =
Absorbance of control − Absorbance of sample

Absorbance of control
× 100

2.7 Total Phenolic Assay

The total phenolic content (TPC) was determined by the assay method modified
by Yu et al. (2003) and then also modified by Saha et al. (2018). Briefly, 1 ml of
solvent extract was transferred into a test tube and mixed with 1 mL of 95% ethanol
and 5 mL of dH2O. Folin–Ciocalteu reagent (50% v/v; 0.5 mL) was added to each



Preparation and Utilization of Hydroxy Fatty Acid Rich … 181

sample followed by thorough mixing using a vortex. After 5 min, 1 mL of 5%
Na2CO3 was added to the reaction mixture and these were left to stand for 60 min
at room temperature. The absorbance was read at 725 nm. The absorbance values
were converted to total phenolics and were expressed in microgram equivalents of
gallic acid per milliliter (mL) of the sample. Standard curves were established using
various concentrations of gallic acid (5–30 µg mL−1) in methanol.

2.8 Surface Tension Measurement

Surface tension of the esterified phospholipid was measured using dynamic contact
angle meter and tensiometer (DCAT) (Sudheesh and Ahmad 2013).

2.9 Preparation of Margarine

Margarines were formulated using the following calculated ratio of ingredients (w/w
%): fat phase 85% (including 0.2% SPL or modified phospholipid [MPL] and 0.2%
GMS as emulsifier); aqueous phase 15% (including 0.5% salt as preservative and
taste improver) (Pande et al. 2013). Oil, a blend of fraction of palm stearin with RBO
(40:60) with a melting point of 35 °C, and emulsifiers were mixed and heated at
40 °C to remove any crystal into a blender. The temperature of the aqueous phase
was also maintained at 40 °C. Then water was poured in dropwise to form a uniform
and stable emulsion with continuous stirring. Then the temperature of the emulsion
was cooled down at a rate of 2 °C/min until its crystallization temperature of 24 °C
and kept for 5 min. The margarine was again reheated at 31 °C to remove any kind
of crystal through vigorous mixing. The temperature was again cooled down and
stored at refrigerator.

2.10 Physical Properties of Produced Margarine

2.10.1 Softness

Softness of margarine samples was determined by Haighton (1959) method as modi-
fied by Laia et al. (2000) with a penetrometer (Stanhope-Seta surrey, England) using
the cone-form penetration body with an apical angle of 40°. The penetrating cone
was placed just above the surface of the sample before it was released. The depth of
the penetration in 0.1 mm increments was read on the dial after 5 s of contact.
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2.10.2 Color

Color of margarine samples wasmeasured usingKonicaMinolta Color reader CR-10
(Japan) portable colorimeter. Sample color was taken using condition of the standard
illuminant D65 and 10 degree observer. Three different parameters were recorded
named as L (lightness from black to white), a [green (−) and red (+)], and b [bluish
color (+) and yellowish color (−)] (Yilmaz and Ögütcü 2014).

2.10.3 Free Fatty Acid (FFA)

FFA was determined according to the method of Cocks and van Rede (1966).

2.10.4 Crystal Morphology

Crystal morphology of margarine samples was observed using Nicon Eclipse E200
(Japan) polarizing light microscope (PLM) with an attached Nicon DS-Fi2 digital
camera. The photomicrograph of the crystals was recorded at a 500× magnification
and images were captured (Zhang et al. 2013).

2.11 Statistical Analysis

Statistical analysis was performed using analysis of variance (ANOVA) and the
means were compared across groups by Tukey test. The significant differences were
determined at p ≤ 0.05.

3 Results and Discussion

3.1 Fatty Acid Composition (FAC)

Table 1 shows the fatty acid compositionof original soyphospholipid (SPL) and castor
oil (CO)whileTable 2 shows the fatty acid composition ofmodified soyphospholipids
with specific time interval.

There is an unusual drop in the hydroxy fatty acid in SPL at 12 h which is difficult
to explain. The percentage incorporation of hydroxy fatty acid was increased again
at 24 h reaction. There is a reduction of unsaturated fatty acid percentage in terms of
oleic, linoleic, and linolenic acids which helps to improve the interfacial activity of
SPL and magnify the emulsion ability.
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Table 1 FAC of original soyphospholipid (SPL) and castor oil (CO)

Samples FAC (Area %)

C16:0 C18:0 C18:1 C18:2 C18:3 C18:1OH

SPL 25.14 3.25 16.71 50.48 4.41 –

CO 1.13 1.30 3.71 4.52 0.42 88.92

C16:0, palmitic acid; C18:0, stearic acid; C18:1, oleic acid; C18:2, linoleic acid, C18:3, linolenic acid;
C18:1OH, ricinoleic acid

3.2 Antioxidant Activity

Antioxidant property of MSPLs is improved in respect of DPPH and TPC (Table 3).

3.3 Surface Tension

The surface tension of MSPL is decreased in comparison with original SPL that
indicates the surface activity or interfacial activity of MSPL should be considerably
more improved for better emulsion (Table 4).

3.4 Physical Property of Produced Margarine

Produced margarine using hydroxy fatty acid rich SPL as emulsifier shows softer
texture and lighter color than original one. The FFA content is not hampered in both
cases (Table 5).

3.5 Crystal Morphology of Margarine

The crystal morphology by PLM has showed a smooth and homogenous mixture
in both MSPL and SPL. A denser network-like structure shows better antioxidant
property in MSPL because it entrapped large number of oil than SPL (Figs. 1 and 2).



184 G. Saha et al.

Ta
bl
e
2

FA
C
of

m
od
ifi
ed

so
yp
ho
sp
ho
lip

id
(M

SP
L
)

Sa
m
pl
es

FA
C
(A

re
a
%
)

C
16

:0
C
18

:0
C
18

:1
C
18

:2
C
18

:3
C
18

:1
O
H

M
SP

L
(6

h)
17
.0
5

±
0.
05

a
2.
25

±
0.
06

a
12
.7

±
0.
11

a
34
.7
4

±
0.
08

a
2.
91

±
0.
06

a
29
.9
9

±
0.
11

a

M
SP

L
(1
2
h)

24
.1
5

±
0.
06

b
3.
45

±
0.
10

b
14
.7
8

±
0.
09

b
47
.3
3

±
0.
07

b
3.
79

±
0.
08

b
6.
49

±
0.
11

b

M
SP

L
(2
4
h)

16
.6
5

±
0.
09

c
3.
69

±
0.
07

c
13
.7
0

±
0.
07

c
35
.1
5

±
0.
04

c
2.
91

±
0.
08

c
27
.5
3

±
0.
05

c

C
16

:0
,p
al
m
iti
c
ac
id
;C

18
:0
,s
te
ar
ic
ac
id
;C

18
:1
,o
le
ic
ac
id
;C

18
:2
,l
in
ol
ei
c
ac
id
,C

18
:3
,l
in
ol
en
ic
ac
id
;C

18
:1
O
H
,r
ic
in
ol
ei
c
ac
id
.R

es
ul
ts
ha
ve

be
en

ex
pr
es
se
d
as

m
ea
n

±
SD

(n
=

3)
.M

ea
n
va
lu
es

in
th
e
sa
m
e
ro
w
w
ith

sa
m
e
su
pe
rs
cr
ip
tl
et
te
rs
in
di
ca
te
si
gn

ifi
ca
nt
ly

di
ff
er
en
t(
p
<
0.
05
)



Preparation and Utilization of Hydroxy Fatty Acid Rich … 185

Table 3 Antioxidant activity of original SPL, CO, and MPL by DPPH scavenging effect and TPC

Samples DPPH scavenging effect (%) TPC (mgGAE/g)

SPL 11.19 ± 0.15a 4.45 ± 0.22a

Castor oil 56.79 ± 0.34a 2.39 ± 0.10a

6 h MSPL 47.89 ± 0.40a 1.24 ± 0.03a,b

12 h MSPL 44.28 ± 0.55a 1.41 ± 0.23a,b

24 h MSPL 45.38 ± 0.45a 0.77 ± 0.02a

Results have been expressed as mean ± SD (n = 3). Mean values in the same column with same
superscript letters indicate significantly different (p < 0.05)

Table 4 Surface tension of SPL and MSPL

Samples Surface tension (mN/m)

Original SPL 24.589 ± 0.027a

6 h MSPL 21.527 ± 0.026a

12 h MSPL 22.092 ± 0.029a

24 h MSPL 21.937 ± 0.027a

Water = 69.634 ± 0.024. Mean values in the same column with same superscript letters indicate
significantly different (p < 0.05)

Table 5 Softness (penetration), FFA, and color

Samples of
margarine

Penetration
(0.1 mm)

FFA (% as
oleic acid)

Color L
(Lightness)

Color a
(Redness)

Color b
(Yellowness)

Using SPL 54 ± 2.0a 0.05 ± 0 78.46 ± 1.34a,c −0.7 ± 0.17a,c +15.46 ± 0.20a,c

Using
MSPL

72 ± 2.0a 0.05 ± 0 76.8 ± 0.36a,b −1.03 ± 0.05a,c +12.06 ± 0.11a,c

Results have been expressed as mean± SD (n = 3). Mean values in the same row and same column
with same superscript letters indicate significantly different (p < 0.05)

Fig. 1 MSPL
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Fig. 2 SPL

4 Conclusion

Thepresent study concerning the incorporationof hydroxy fatty acid or ricinoleic acid
in SPL by enzymatic interesterification process with 1:4 molar proportion is expe-
dient approach for producing better emulsifier in margarine preparation. The antiox-
idant property is significantly improved whereas the surface tension is decreased
which defines the enhanced interfacial activity for better emulsion. The utilization of
hydroxy acid rich SPL as emulsifier in margarine preparation indicates some differ-
ences in properties when compared with non-hydroxy acid SPL. The hydroxy acid
rich SPL produces relatively much softer margarine and also lighter color due to
transparency characteristics of hydroxy fatty acid.

Acknowledgements This workwas financially supported byUniversity Grants Commission under
the scheme Rajiv Gandhi National Fellowship. I am also thankful to Department of Chemical
Technology, University of Calcutta for analysis of surface tension and to HoD, Department of
Geology, Presidency University for crystal morphology of my samples. The authors have declared
no conflict of interest.

I express my deepest gratitude for the cooperation for providingme soyphospholipid fromRuchi
Soya Industries Ltd.,Nagpur, and palm stearin fromBudgeBudgeRefineriesLimited,Kolkata, India
for my research work.

References

Blois MS (1958) Antioxidant determinations by the use of a stable free radical. Nature
181(74):1199–1200

Chakrabarty MM (2003) Margarine, shortenings, spreads. In: Chakrabarty MM (ed) Chemistry and
technology of oils and fats. Allied Publishers Pvt. Limited, Delhi, India, pp 500–523

Chen PS, Toribara TY, Warner H (1956) Microdetermination of phosphorus. Anal Chem
28(11):1756–1758



Preparation and Utilization of Hydroxy Fatty Acid Rich … 187

Chiplunkar PP, Pratap AP (2017) Ultrasound assisted synthesis of hydroxylated soybean lecithin
from crude soybean lecithin as an emulsifier. J Oleo Sci 66(10):1101–1108

Cocks LV, van Rede C (1966) Laboratory handbook for oils and fats analyses. Academic Press,
London, pp 113–117

Conceição MM, Candeia RA, Silva FC, Bezerra AF, Fernandes VJ Jr, Souza AG (2007)
Thermoanalytical characterization of castor oil biodiesel. Renew Sust Energ Rev 11(5):964–975

Das S, Bhattacharyya DK (2006) Preparation and surface-active properties of hydroxy and epoxy
fatty acid-containing soy phospholipids. J Am Oil Chem Soc 83(12):1015–1020

Haighton AJ (1959) The measurement of hardness of margarine and fats with cone penetrometer.
J Am Oil Chem Soc 36(8):345–348

LaiaOM,GhazaliaHM,ChoF,ChongCL (2000) Physical and textural properties of an experimental
table margarine prepared from lipase-catalysed transesterified palm stearin: palm kernel olein
mixture during storage. Food Chem 71(2):173–179

Litchfield C (1972) Extraction, isolation, measurement and fatty acid analysis. In: Litchfield C (ed)
Analysis of triglycerides. Academic Press, New York, pp 17–35

Nyankson E, Demir M, Gonen M, Gupta RB (2016) Interfacially-active hydroxylated soybean
lecithin dispersant for crude oil spill remediation. ACS Sustain Chem Eng 4(4):2056–2067

Ogunniyi DS (2006) Castor oil: a vital industrial rawmaterial. Bioresour Technol 97(9):1086–1091
Pande G, Akoh CC, Shewfelt RL (2013) Utilization of enzymatically interesterified cottonseed oil
and palm stearin-based structured lipid in the production of trans-free margarine. Biocata Agri
Biotech 2(1):76–84

Saha G, Bhattacharyya DK, Ghosh M (2018) Enzymatic interesterification of blend of soyphos-
pholipid and coconut oil. Asian J Chem 30(7):1421–1423

Schmidt JC, Orthoefer F (1985) Lecithin in baking applications. In: Szuhaj BF, List GR (eds)
Lecithins. Am Oil Chem Soc Press, Champaign, pp 203–211

Sudheesh S, Ahmad J (2013) Effect of Wilhelmy plate material on hysteresis of langmuir film
isotherms. Asian J Chem 25(7):3535–3538

Vijeeta T, Reddy JRC, Rao BVSK, Karuna MSL, Prasad RBN (2004) Phospholipase-mediated
preparation of 1-ricinoleoyl-2-acyl-snglycero-3-phosphocholine fromsoya and eggphosphatidyl-
choline. Biotechnol Lett 26(13):1077–1080
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Effect of Medicinal Plants
on Biofilm-Forming Staphylococcus
aureus from Tertiary Health Care
Hospital and Characterization
of Biofilm-Associated Extracellular
Polymeric Substances (EPS)

Rimashree Baishya and Soma Banerjee

Abstract Biofilm formed bymicroorganism exhibits increased resistance to antimi-
crobial agents and to the host immune system due to the extracellular polymeric
substance (EPS)matrix inwhich themicroorganisms are engrained and act as a shield
to themicrobes. The present work focuses on the search of an alternative approach for
biofilm inhibition using plant products. In the present study, anti-bacterial activity of
Allium sativum (garlic), Curcuma longa (haldi), Ocimum sanctum (tulsi), Zingiber
officinale (ginger), and Azadirachta indica (neem) ethanolic extracts was studied
against 30 clinically strong biofilm-forming samples. All the strains were susceptible
to Curcuma longa, Azadirachta indica. Two plants were then selected to study the
anti-biofilm activity against the strong biofilm strain Staphylococcus aureus (QS1).
The effect of the plant extracts on biofilm adherence was studied at concentration of
128*MIC, 256*MIC, and 512*MIC. The major components of EPS were analyzed
and compared with control. SDS-PAGE analysis showed the presence of different
bands with distinct difference in the band size in the plant-treated samples. The
biofilmadherences showed adose-dependent increase of activitywith 13–40%reduc-
tion. QS1 treated with Curcuma longa and Azadirachta indica extracts resulted in
significant degradation of the EPS components. Thus, the commonly known antimi-
crobial plant hinders the formation of biofilm by degrading its EPS components with
its potential anti-biofilm constituents.
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Staphylococcus aureus

R. Baishya (B) · S. Banerjee
Department of Biotechnology, Heritage Institute of Technology, Chowbaga Road, P.O.
Anandapur, East Kolkata Township, Kolkata, West Bengal 700107, India
e-mail: reemaorbabu@gmail.com

S. Banerjee
e-mail: soma.banerjee@heritageit.edu

© Springer Nature Singapore Pte Ltd. 2021
D. Ramkrishna et al. (eds.), Advances in Bioprocess Engineering and Technology,
Lecture Notes in Bioengineering,
https://doi.org/10.1007/978-981-15-7409-2_19

189

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-7409-2_19&domain=pdf
mailto:reemaorbabu@gmail.com
mailto:soma.banerjee@heritageit.edu
https://doi.org/10.1007/978-981-15-7409-2_19


190 R. Baishya and S. Banerjee

1 Introduction

Biofilm is defined as community of cells irreversibly attached to any surface enclosed
in a complex exopolymeric substance (EPS). Extracellular polymeric substances
(EPS) produced by microorganisms are a complex mixture of biopolymers primarily
consisting of polysaccharides, aswell as proteins, nucleic acids, and lipids. EPSmake
up the intercellular space of microbial aggregates and form the structure and archi-
tecture of the biofilmmatrix. The key functions of EPS comprise the mediation of the
initial attachment of cells to different substrata and protection against environmental
stress and dehydration (Vu 2009). Biofilm possess various problems in medicinal
devices, food industry, water pipes, etc. as the biofilm-producing bacteria becomes
resistant to antimicrobial agents due to prolonged use of antibiotics (Flemming and
Wingender 2010). Hence, the development of environmentally friendly anti-biofilm
molecules has gained major interest among researchers as an alternative approach
for biofilm treatments.

Plant-based compounds have gained widespread interest in health care industry
due to the unlimited ability to synthesize bioactive compounds as secondary metabo-
lites with various pharmacological properties and its ability to boost the immune
system. The present work focuses on the search of using plant products for biofilm
inhibition from commonly known medicinal plants.

2 Materials and Methods

2.1 Materials and Bacterial Strains

All the chemicals used for the experiments were purchased from Himedia, India.
The bacterial stains were collected from IPGMER, Kolkata and RGKAR Medical
College and Hospital, Kolkata.

2.2 Preparation of Medicinal Plant Extracts

The plants Allium sativum (garlic), Curcuma longa (haldi), Ocimum sanctum (tulsi),
Zingiber officinale (ginger), and Azadirachta indica (neem) were collected from
college premise or purchased from the local market. The plant was identified from
the Department of Botany, University of Calcutta, India. The matured leaves and
fresh rhizomes were dried at room temperature and were powdered using a grinder
to coarse powder, packed into Soxhlet column, and then extracted with 70% ethanol
for 24 hours (h). The extracts were then filtered with WhatMan No. 1 filter paper
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(24 cm). The filtrates were then concentrated andwere evaporated to dryness in water
bath. The obtained crude extract was stored in airtight container in the refrigerator
at −4 °C for further studies.

2.3 Antimicrobial Activity

The antimicrobial activities of the plant extracts were determined against 30 strong
biofilm-forming clinical strains collected from tertiary health care hospital by agar
well diffusion method. Mueller–Hinton Agar (MHA) plates were prepared and the
sample cultures were swabbed uniformly using sterile cotton swabs. Plates were
incubated at 37 °C for 24 h with the plant extracts in the agar wells (Balouiri et al.
2015).

2.4 Study of Anti-biofilm Activity of Plant Extract

One of the strong biofilm strains, Staphylococcus aureus QS1, was further studied
along with reference strain Staphylococcus aureus ATCC 25923. The effect of all
the plant extracts on biofilm inhibition was studied at concentration of 128*MIC,
256*MIC, and 512*MIC of the extracts. Bacterial cultures with 1 × 105 CFU/ml
concentration were transferred to a 96-well polystyrene microtiter plate treated with
different concentrations of plant extracts and incubated for 24 h at 37 °C. Control was
prepared inTSBwithout plant extracts. After 24 h, the culturemediumwas discarded,
and the wells were washed twice with distilled water to remove the planktonic cells.
Plates were completely dry, and 1% crystal violet solution was added to each well.
The wells were then washed with distilled water and acetic acid was added to each
well. The optical density (OD) was measured at 570 nm (Quave et al. 2008).

2.5 EPS Production

The selected strain of Staphylococcus aureus QS1 culture was added in freshly
prepared sterile nutrient broth and was treated with Curcuma longa (haldi) and
Azadirachta indica (neem) plant extracts of different concentrations, 128*MIC,
256*MIC, and 512*MIC. Vancomycin was used as the standard antibiotic with
control, i.e., without the addition of plant extracts. The samples were incubated
at 37 °C for 24 h at 120 rpm. Samples were centrifuged and the supernatants were
collected to which ice cold isopropanol was added and incubated overnight. The
incubated samples were centrifuged and EPS pellets were collected. The EPS of
samples was air dried and stored for further analysis (Teanpaisan et al. 2016).
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2.6 Quantification of EPS Components

EPS was quantified by measuring proteins by Lowry’s method and carbohydrates by
Anthrone method (Teanpaisan et al. 2016).

2.7 Emulsifying Activity

The EPS solutions were heated and then cooled and volume was made up to 2 ml
using then phosphate-buffered saline (PBS). Olive oil was added and vortexed for
1 min and absorbance was measured at 540 nm after 30 min (Kavita et al. 2014).

2.8 Protein Profile Analysis by SDS-PAGE

EPS proteins were analyzed by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE). Electrophoresis were performed in 5% stacking gel and
10% separating gel in Tris-Glycine-SDSbuffer andwas runwith a constant voltage of
20V/cm.The gelswere then stainedwithCoomassieBrilliantBlueR-250 (Sambrook
et al. 1989). The molecular weight of the proteins bands was compared with the
standard protein ladder (10–245 kDa) to know its respective sizes.

3 Results and Discussion

3.1 Antimicrobial Activity

The antimicrobial potential of all the five plant extracts against 30 strong biofilm-
forming clinical strains was evaluated according to their zone of inhibition. All the 30
strains were susceptible to Curcuma longa (haldi), Azadirachta indica (neem), 71%
samples were found susceptible to Ocimum sanctum (tulsi) and Zingiber officinale
(ginger), and 93.33% were susceptible to Allium sativum (Garlic) (Fig. 1).

3.2 Study of Anti-biofilm Activity of Plant Extract

The anti-biofilm activity of plant extracts on the selected strain S. aureus QS1 by
crystal violet method is shown in Fig. 2. For tulsi, there is a gradual increase of
anti-adherence activity from 10 to 38%; for neem, the anti-adherence activity was
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Fig. 1 Number of strains susceptible to the minimum volume (50 µl) of plant extracts

Fig. 2 Percentage inhibition of biofilm adherence of S. aureus QS1 treated plant extracts a Neem,
b Tulsi, c Haldi, d Ginger, e Garlic at different concentrations (1—128*MIC, 2—256*MIC, 3—
512*MIC). (n = 3)

13 to 40%; for haldi, it shows an increase from 15 to 24%; and garlic has a 17–
38% increase of anti-adherence activity with the increase in the concentrations from
128*MIC, 256*MIC, 512*MIC. However, ginger showed the least anti-adherence
activity from 2 to 7% increase.

A number of studies have confirmed the anti-biofilm effects of different plant
extracts and its phytochemicals. Quave et al. 2008 established the inhibition effects of
Italian medicinal plant extracts on planktonic growth, biofilm formation, and adher-
ence of methicillin-resistant Staphylococcus aureus biofilm. Another group found
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that grapefruit juice has an anti-biofilm effect against E. coli and S. typhimurium by
interfering with quorum sensing (Truchado et al. 2015).

3.3 Quantification of EPS Components

The amount of the protein and carbohydrate of the control and treated EPS samples
was measured at the optical densities of 660 nm and 620 nm, respectively. The
inhibition percentage of the given sampleswas calculated andwas observed that there
was a gradual decrease in the amount of protein (Fig. 3) and carbohydrate (Fig. 4)
in treated EPS compared to control with increase in plant extracts concentration.

Carbohydrate and proteins were the main components o f EPS matrix. In the
present study, the percentage of carbohydrate and protein present in the EPS was
relatively less after treatment with plant extracts. Gandhi et al. 2017 reported similar
resultswhen Sesbania grandiflora extractwas treated against Staphylococcus aureus.

128*MIC      256*MIC   512*MIC

Concentration 
128*MIC      256*MIC      512*MIC

Concentration 
128*MIC      256*MIC      512*MIC

Concentration 

a b c

Fig. 3 Estimation of percentage reduction of protein with respect to control a neem, b haldi,
c vancomycin (n = 3)

128*MIC      256*MIC      512*MIC

Concentration 
128*MIC      256*MIC      512*MIC

Concentration 
128*MIC      256*MIC      512*MIC

Concentration 

a b c

Fig. 4 Estimation of percentage reduction of carbohydrate content with respect to control a neem,
b haldi, c vancomycin
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128*MIC      256*MIC      512*MIC

Concentration 
128*MIC      256*MIC      512*MIC

Concentration 
128*MIC      256*MIC      512*MIC

Concentration 

a b c

Fig. 5 Estimation of emulsification activitywith respect to increasing dose concentration of a neem,
b haldi, c vancomycin

3.4 Emulsifying Activity

The percentages of emulsifying activity are 49–60% for neem and 52–61% for haldi,
respectively, as compared to 59–67% for vancomycin (Fig. 5).

3.5 Protein Profile Analysis by SDS-PAGE

A single band that migrated at a position corresponding to 240 kDa was reproducibly
detected bySDS-PAGEof theEPSprotein extract from the biofilm formedbybacteria
strain S. aureus QS1 (lane 5) but not from the planktonic total protein of the cells
of the same strain (lane 2). Bands of similar mobility were also detected in plant
extracts treated (lane 3 and lane 4 respectively), however the expression level of the
protein was negligible (Fig. 6).

Many protein members like Bap (Cucarella et al. 2001), Esp (Shankar et al. 2002),
LapA (Hinsa et al. 2003), BapA (Latasa et al. 2006), etc. play an important role in
early adhesion of S. aureus biofilm. In the present work, the protein at 240 kDa is
mainly present in the EPS of the biofilm, explaining that these proteins are very
important for biofilm formation. Without the presence of these proteins, biofilms
cannot be formed as it has key role in intercellular interactions in the accumula-
tion phase after the bacterial cells adhere to the surface. Thus, decreased protein
expression might be an indication of decrease in biofilm formation.

4 Conclusion

This study suggests that all the five plant extracts possess phytochemicals with
potential antimicrobial properties against biofilm-forming strains. The study showed
evidence that the ethanolic extracts of Curcuma longa (haldi) and Azadirachta
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Fig. 6 SDS-PAGE of protein extracts of Staphylococcus aureus QS1 with PL-protein ladder (lane
1), P-planktonic total protein (lane 2), EH-EPS Haldi treated (lane 3), EN-EPS Neem treated (lane
4), and EC-EPS control (lane 5) (lanes from left to right)

indica (neem) have high anti-biofilm and anti-bacterial activity property against S.
aureus. Thus, alternative agents can be identified to treat biofilm by elucidating the
anti-biofilm agents from the two plant extracts.
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Synthesis and Characterization of MgO
Nanoparticle and Its In Vitro Cytotoxic
Effect on Erythrocytes

Bitopan Boro, Anup Kr. Nath, Manash Barthakur, and Pankaj Kalita

Abstract Nanomaterials have moved into modern biological and medicinal impli-
cations for the advancement of biomedical applications. Magnesium oxide is a basic
oxide of interest that has many applications in catalysis, adsorption, and synthesis of
refractory ceramics as well as in the biological system. Magnesium oxide nanopar-
ticles are characterized with a wide variety of applications and are mass-produced
throughout theworld. However, questions remain regarding its safety. There has been
paucity of toxicology research on its side effects, especially under in vivo conditions.
The present paper aims at evaluating the toxicity of chemically synthesized magne-
sium oxide nanoparticles in erythrocytes or red blood cells (RBCs). The synthesized
MgO nanoparticles were characterized using UV-Vis spectroscopy, DLS, FTIR, and
TEM analysis. The synthesizedMgO showed hemolytic activity in a dose-dependent
sequence. Size and charge characteristics of MgO observed supposed to be the influ-
encing factor for the toxicity to the erythrocytes. Functionalization and surfacemodi-
fication of the synthesized MgO will help in its better applicability in biomedical
science.
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1 Introduction

Nanoparticle research is a fascinating branch of science dealing with nanoscale level
of materials at the dimension less than 100 nm (Yeh et al. 2012). Nanoparticles
have gained a broad interest in recent years because of their distinctive physical
and chemical properties such as mechanical stability, higher damping property, and
high strength with good thermal conductivity (Gary and Luan 2001). Magnesium
oxide (MgO) is a homomorphous chemical structure with rock salt structure (FCC),
the Mg2+ occupies the octahedral sites within the anion closed packed structure,
and its ionic constituents comprise a relatively small number of electrons. It has
simple crystal arrangement and ideal ionicity, which leads MgO to form stunning
foundation for the construction of efficient nanostructures (Wahab et al. 2007). Due to
the high thermal, high surface reactivity and high chemical stability with the catalytic
properties, the magnesium oxide nanoparticles make it a promising material for the
application in therapeutic strategies like antibacterial, antithrombotic properties, etc.
(Basit et al. 1998; Richard et al. 2000; Schram and Stehouwer 2005). Biodegradable
and low-toxicity MgO NPs express highly desirable properties for cancer labeling
(Di et al. 2012). Studies reveal that nanoparticles are having altered size, shape, and
surface chemistry in comparison to that of parent compound. Moreover, among the
metal oxide nanoparticles, MgO is particularly remarkable as an eco-friendly and
cheapest material for large-scale use (Kumaran et al. 2015). In the present study,
cytotoxicological effect of MgO nanoparticles was aimed to be evaluated in vitro in
erythrocytes as it is the first line of interacting cells in the body system for accessing
the sensitivity of external exposure. In the blood circulatory system, erythrocytes are
abundantly present and due to its properties like biocompatibility, biodegradability,
and long circulating half-life, the erythrocytes are broadly used as a biomarker for
any foreign stimuli in the body system. In this paper, synthesis and characterization
of MgO nanoparticles and its cytotoxic effects on erythrocytes are documented.
This study will confirm the usability of MgO nanoparticle in further studies where
animals including human being may come in contact with the MgO nanoparticles.
Functionalization of MgO may be required for its enhanced usability.

2 Materials and Method

2.1 Synthesis and Characterization of MgO NPs

Magnesium oxide (MgO) nanoparticles were synthesized using magnesium nitrate
(MgNO3·6H2O) and sodium hydroxide (NaOH) as precursor compound as described
by Wahab et al. (2007) with some modifications. Briefly, 100 ml of 0.2 M magne-
sium nitrate was vigorously stirred in a magnetic stirrer at temperature of 60 °C
for 4 h and 0.5 M of NaOH solution was slowly added dropwise to the magnesium
nitrate solution until the pH of the solution reaches 12. Temperature, concentration
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of parent and stabilizing agent, and pH was maintained constantly as observed in
standardization process. Occurrence of a white precipitate was observed indicating
the completion of the reaction of MgO compound. The precipitate was filtered and
washed with distilled water. The solution was centrifuged at 3000 rpm for 5 min and
the precipitate was dried at 60 °C for 7 h. The white powder is grinded vigorously.
However, the synthesis conditions were optimized for the current reaction by varying
various parameters. Various concentrations ofMgNO3, ranging from 0.2M to 0.5M,
were usedwith volume 50ml. Themixture was stirred continuously using amagnetic
stirrer varying the stirring duration from 3 to 5 h and the pHwas maintained at values
of 9, 10, 11, and 12 using 0.5MNaOH solution. The reaction temperature was main-
tained at 60 and 80 °C. The same temperature at which synthesis was carried out was
used for overnight drying at 60 °C of the precipitate obtained. The absorbance peak
was observed using a UV-Vis spectrophotometer (Eppendorf Biospectrometer). The
band gap (Eg) for this prepared nanoparticles is estimated by Tauc’s equation (αhν)2

= A(hν-Eg), where hν is the photon energy, α is the absorption coefficient, and A
is a constant relative to the material. The graph of (αhν)2 versus hν was plotted by
extrapolating the linear portion of the curve to horizontal axis in which (αhν)2 = 0 in
Fig. 1 (inset). The curve indicates that the value of the direct band gap (Eg) is about
3.89 eV (Khanahmadzadeh et al. 2015). Further, particle size distribution pattern was
observed using dynamic light scattering technique (DLS) (Malvern; Nano-zs90) and
ethanol is used as a dispersant at temperature of 30 °C.Molecular and structural char-
acterization of MgO nanoparticles was characterized by Fourier transform infrared
(FTIR) spectroscopy and transmission electron microscopy (TEM).

Fig. 1 UV-Vis spectrum ofMgO nanoparticles. Absorption peak was observed at 275 nm and band
gap was determined as 3.89 eV (as shown in inset figure)
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2.2 Preparation of RBCs for the in Vitro Experiment

Blood samples were freshly collected from the medical laboratory technician course
laboratory of Pub Kamrup College, Assam, India from five healthy human subjects.
Erythrocytes were separated using standard procedure and kept in a special buffer as
described in previous literature (Devi et al. 2016).

2.3 In Vitro RBCs Cytotoxic Evaluation of MgO NPs

RBC cells are separated by dissolving PBS buffer (pH = 7.4) with equal ratio and
centrifuged at 3000 rpm for 5 min. Three different concentrations of MgO NPs,
viz., 5, 15, and 25 mg/ml were treated with 500 μl of RBCs in equal volume and
incubated for 24 h at 37 °C.Water in PBS buffer is considered as negative control and
dH2O remains blank. The reaction mixture was centrifuged at 900 rpm for 5 min.
and the supernatant was used for spectrophotometric measurement using UV-Vis
spectrophotometer (Eppendorf Biospectrometer).

2.4 Microscopic Observation

After 24 h of incubation, precipitated erythrocytes were stained with Leishman stain
using standard protocol for further microscopic observation. Briefly, treated blood
smear was dried and working Leishman stain was used to stain the blood smear.
Excess stain was washed out with distilled water and slides were dried and observed
and microphotographs were taken by using a CCD camera attached microscope
(Labomed LX300) (Devi et al. 2016).

3 Results and Discussions

3.1 Spectrophotometric Characterization of Prepared MgO
Nanoparticles

Absorption of the synthesizedMgO nanoparticles wasmeasured in the range of 250–
600 nm in the UV-Vis spectrophotometer and observed as shown in Fig. 1. A sharp
absorption peak was observed at wavelength 275 nm and the linear curve indicates
the uniformity of the synthesized nanoparticles. The band gap is found to be 3.89 eV
and is shown in Fig. 1.
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Fig. 2 Average particle size analysis of MgO NPs

3.2 Particle Size Analysis

Particle size analysiswas done by dynamic light scattering (DLS) technique as shown
in Fig. 2. The particle size analysis has absolutely confirmed that the synthesized
MgO nanoparticles are in the nano size form. The average particle size of synthesized
MgO nanoparticles is 78.82 nm at intensity of 100%.

3.3 Fourier Transform Infrared (FTIR) Spectroscopy
Analysis of MgO Nanoparticle

The formation of MgO nanoparticles has been confirmed from FTIR spectrum as
shown in Fig. 3. The peak at 580 cm−1 is assigned to theMg-O stretching vibration in
Mg(OH)2. The absorption peak at 1400 cm−1 is due to the bending vibration of (OH)
bond. The peak at 878 cm−1 signifies the out-of-plane aromatic stretching of MgO

Fig. 3 FTIR pattern of
synthesized MgO
nanoparticle
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a b

Fig. 4 a shows the formation ofMgO nanoparticles. Figure shows nanoparticles of almost uniform
size and shape having diameter 60–80 nm. TheMgO nanoparticles are observed as served spherical
shaped and uniform grains. b shows the selected area electron diffraction pattern (SAED) of MgO
nanoparticles and the white array of spots confirms the crystalline nature of the nanoparticles. Thus,
both the TEM micrographs confirm the formation of highly crystalline nanoparticles

nanoparticles. All these peaks confirm that MgO nanoparticles have been formed
which corroborates the result shown by TEM micrographs.

3.4 Transmission Electron Microscopy (TEM) Analysis

See Fig. 4.

3.5 Evaluation of Cytotoxic Effect of MgO NPs
in RBCs—an in Vitro Assay

RBCs are found affected by dose dependence of MgO NPs but in an inverse
sequence. Lowest concentration (i.e., 5 mg/ml) of MgO NPs shows highest toxi-
city to the RBCs in comparison to the comparatively higher concentration (i.e., 15
and 25mg/ml) ofMgONPs. Relatively lower cytotoxicity to the RBCs was observed
at the concentration of 25 mg/ml MgO NPs.

In the present study, RBCs cytotoxicity wasmeasured by both spectrophotometric
analysis and microscopic observation. Table 1 shows the measurement of concen-
tration of hemoglobin released by the RBCs upon incubation with MgO NPs. More
the concentration of hemoglobin in the solution implies more absorbance shown
by the spectrophotometric measurement reflecting more damage to the RBCs, thus
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Table 1 Measurement of concentration of hemoglobin release by the RBCs

Conc. of MgO NPs 5 mg/ml 15 mg/ml 25 mg/ml −ve control

Absorbance (Mean ± SD) 46.76 ± 0.37b 40.93 ± 0.93b 17.87 ± 0.68c 2.17 ± 0.18a

Similar alphabets show non-significance and different alphabets show significance among the group

implying RBCs cytotoxicity. Present study reveals that there is a significant (p <
0.1) increase of cytotoxicity caused by MgO NPs. But toxicity is higher in lower
concentration of MgO treatment in comparison to the higher concentration of MgO
treatment.

According to Fig. 5, density of erythrocytes is less in highest concentration of
MgO NPs treated slide as well as in the lowest concentration slide treated with
MgO NPs in comparison to the control sample. On the other hand, among the MgO
NPs treated slides, lower concentration of MgO nanoparticle treated sample shows
lower density of erythrocytes and higher concentration treated sample shows higher
density of erythrocytes implying destruction of erythrocytes is inversely proportional
to the concentration of MgO NPs treatment. Figure 5 also reveals that in the highest
concentration, treated slide shows relatively lower number of deformed (seen as
oval/spindle shaped) erythrocytes in comparison to the lowest concentration treated
slide as shown by white arrow in Fig. 5.

RBCsRBCs

Control RBCs

Fig. 5 Microphotographic view of negative control and highest concentration and lowest
concentration treated with MgO NPs and deformity is indicated by the white arrows
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With significant spectrophotometric and microscopic observation in RBCs, MgO
NPs treatment is expected to yield a significant amount of hemolysis. However, there
was no significant amount of hemolysis observed in higher concentration of MgO
NPs. Nanoparticle can bind with the RBC membrane acting as a cementing material
to the erythrocytes which enhance the RBC membranes to become stronger against
the intracellular shock (Ghosh et al. 2013). But after binding the MgO nanoparticle
with the RBC membrane component, functionality of the blood cell is still unclear.
Because of surface characteristics, it may bind with the erythrocytes, thus preventing
cell breakage. But deformed cellular morphology, as observed in Fig. 5, may be a
clue to the abnormal functioning of the erythrocytes in MgO treated samples.

4 Conclusion

The present study reveals that after 24 h of treatment of MgO NPs to the RBCs
the deformity of blood cell is high in low concentration of MgO NPs and low in
high concentration of MgO NPs. But it is assumed that reduced incubation time may
cause less harm to the RBCs. Functionalization of the MgO NPs may also eradi-
cate the harmfulness of the MgO NPs. Further study, involving functionalization of
MgO NPs with required bio-medically important bioactive molecules, may enhance
the usability of MgO NPs in biomedical and pharmaceutical field of study for its
advancement.
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Formulation, Production,
and Characterization of Nutritionally
Enriched Spread Product with Blends
of Fish Skin (Labeo rohita) Oil and Chia
Seed (Salvia Hispanica) Oil

Nabanita Ghosh, Monalisa Roy, and D. K. Bhattacharyya

Abstract The work aims at the utilization of blends of Fish Skin Oil (FSO) and
Chia Seed Oil (CO). The gluten-free Chia flour is utilized to formulate nutritionally
enriched spreads. Among the three blending ratios 2:1 (CO:FSO) is nutritionally
superior due to its higher antioxidative activity and lower totox value. Four types of
spreadsweremade by using raw chia flour (RC), defatted chia flour (DC), raw roasted
chia flour (RRC), roasted defatted chia flour (RDC), followed by addition of blended
oil, honey as natural sweetener, and egg lecithin as an emulsifier. The adaptation
of roasted flour gives a nutty smell and attracting color that supports the masking
of fishy smell in blended oils. All the formulated spreads are subjected to sensory
evaluation and RRC spread is the most liked product. RRC spread is also subjected to
antimicrobial assay followed by comparison with a market one. All these measures
add a nutritional benefit to the spreads. These spreads are nutritionally enriched,
gluten free, and protein rich.

Keywords Fish skin oil · Chia seed oil · Chiaflour · Breakfast cereal · Protein rich

1 Introduction

Chia (Salvia hispanica) is a plant belonging to the family of Lamiaceae loaded with
healthy omega-3 fatty acids, fiber, polyunsaturated fatty acids, and protein including
all essential amino acids, calcium, and several other minerals. Chia seed oil has a
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variable chemical composition (Ayerza Jr et al. 1995). The seeds have about 25–
38% oil by weight which contains the higher proportion of αlinoleic acid (60%)
(Palma et al. 1947). Chia seed oil has characteristics that are well suited for industrial
applications, and they can contribute to healthy human diet (Vanesa et al. 2008).

The previouswork of the authorsGhosh et al. (2019a, b) revealed thatLabeo rohita
skin oil (FSO) when blended with chia seed oil (CO) in 1:1, 1:2, and 2:1 ratio,
becomes the most oxidative stable and antioxidant rich in 2:1 (FCO3) ratio. In this
study an attempt was made to utilize the FCO3for making nutritionally enriched
spread products. Spread products are mainly produced from dairy products. Dairy
spreads are deficient in some of micronutrients especially antioxidant. Moreover
lactose intolerance patient cannot have it. Need for developing a nondairy spread
product is increasing day by day Making spread from these blended oils utilizing
chia flour will be an option to solve problems. In our study we have made four types
of formulations for preparing the spread product utilizing blended oil and different
chia flours. Blended oil has increased its nutritional quality while chia flour powder
gives a gluten free, lactose free nutritional profile. For sweetness we have used honey
as natural sweetner and egg lecithin as an emulsifier.

2 Materials and Methods

2.1 Materials

All reagent used are of analytical grade and all are brought from Sigma. Waste fish
skin (Lobeo rohita) from local market. Chia seeds (Salvia hispanica) were brought
from Wild Forest brand.

2.2 Methods

2.2.1 Sample Preparation

2.2.1.1 Extraction of Fish Skin Oil and Chia Seeds Oil

Oil from fish skin was extracted according to the authors’ previous work (Ghosh and
Bhattacharyya 2019) and chia seedswere extracted by soxhletmethodwith n-hexane.

2.2.1.2 Preparation of Chia Flour

Four varieties of chia flourwere prepared—roasted chia flour (RRC), roasted defatted
chia flour (RDC), defatted chia flour (DC), and raw chia flour (RC). Roasting was
conducted at a temperature of 50 ºC for 30 min.
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2.2.2 Proximate Composition Analysis of Chia Seed

Raw chia seed was subjected to proximate composition analysis to measure the
amount of moisture, carbohydrate, protein, fat, and ash content of it via the following
methods.

2.2.2.1 Moisture content:

5 gm sample was placed in a cover glass. Then the glass was placed in hot air
oven at 60 ºC. Weight was recorded at an interval of each 30 min till it to be constant.
By the following formula moisture % was calculated. The result is mentioned in
Table 1.

Moisture(%) = Weight of fresh sample− weightof dried sample

weight of fresh sample
× 100

2.2.2.2 Ash content

5 gm sample was placed in Silica Porcelain Crucible and then the Crucible placed
into Muffle Furnace at 600 ºC for 6 h. It was determined by incinerating the sample.
Ash percentage was calculated by the following formula. Result is mentioned in
Table 1.

Ash(%) = w2− w1

wo
× 100

where Wo—Weight of sample (gm.), W1—Empty weight of Silica Porcelain
Crucible (gm.), W2—Weight of Silica Porcelain crucible + Ash (gm).

2.2.2.3 Protein content

Protein content was determined by Folins test (Oh 1951). BSA solution was used
as standard. The standard curve was fitted by plotting absorbance versus the corre-
sponding concentration of BSA solutions. The absorbance value was converted into
100 g sample. The result is mentioned in Table 1.

2.2.2.4 Fat content

Total lipids were extracted by solvent extraction method. At first 15 gm sample
was added to 300 ml hexane. After overnight soaking the mixture was filtrated by
Whattman no. 1 filter paper. The filtratewas subjected to distillation. By the following
formula fat (%) was calculated. The result is mentioned in Table 1.

Fat(%) = weight of crude fat(g)

Weight of dry sample(g)
× 100
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Fig. 1 Protocol for spread
production

Liquid phase + Solid phase

Homogenized  using a glass homogenizer

Formation of a smooth paste (Spread )

Spread is transferred into a food grade container and refrigerated

2.2.2.5 Carbohydrate content

Carbohydrate content was determined by Anthrone test (D.A.T. Southgate 1976).
The absorbance was read at 630 nm. The standard curve was fitted by plotting
absorbance versus the corresponding concentration of glucose. The absorbance value
was converted into 100 g of sample. The result is mentioned in Table 1.

2.2.3 Preparation of Nutritionally Enriched Spread

Nutritionally enriched spread product was prepared according to the method
described in Fig. 1 (Kar et al. 2014). Four Spread samples were prepared by mixing
the solid phase and liquid phase. Solid phase contains different flour such as raw chia
flour, defatted chia flour, roasted chia flour, roasted defatted chia flour, and named
as RC, DC, RRC, RDC, respectively, whereas liquid phase contains FCO3 oil. The
process for making the spread is represented in Fig. 1. The proximate composition
of all the formulations is given in Table 2. Pictorial view of RC, DC, RRC, RDC
spread were represented in Figs. 2, 3, 4 and 5, respectively.

2.2.4 Determination of Spreadability of Spread Samples

0.5 g of the spread sample was placed between the two glass slides of equal weight,
area, and thickness (3.9 mm). Thereafter the sample was loaded with a knownweight
of 5, 10, 15, 20 g on the upper slide for 30 s. To calculate the percent spreadability
of spread, initial and final spreading diameters of the samples before and after the
load were noted. The percent spreadability was calculated as per the equation:

Spreadability(%) = D2− D1

D1
× 100

where D1 is the initial diameter of the samples before the load and D2 is the final
diameter of the samples after the load.
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Table 1 Proximate
composition of chia seed

Content Amount (%)

Moisture 5.18 ± 0.032

Carbohydrate 46 ± 0.01

Protein 20 ± 0.03

Fat 24 ± 0.41

Ash 4.82 ± 0.025

All tests were performed in triplets. Data is expressed as mean ±
SD

3 Results and discussions

3.1 Proximate Composition of Chia Seed

Chia seed was subjected to determine its protein, carbohydrate, and fat content. From
theTable 1 it can be seen that dry chia seed contains higher amount of protein (21.5%).
The average protein content varies from 15 to 23% according to the locationwhen the
seeds have grown (Cahill and Provance 2002). The total fat content of chia seed was
24% of which 17.3% contains omega-3 fatty acids (Di Sapio et al. 2012; Josephine
Nirmala and Sarasvathi 2016). In the present study, the insoluble dietary fiber content
of chia seed has nearly 49.47%which is capable of retainingwater, provides bulk, and
prolongs the gastrointestinal transit time. Increased gastrointestinal time is directly
related to gradual increase in post-prandial glucose levels and decrease in insulin
resistance over a period of time (Jeong et al. 2010). The inorganic material present
in chia seed is 1.82% which is determined by ash content.

3.2 Preparation of Nutritionally Enriched Spread

The formulations of each spread is mentioned in Table 2. Honey is used as natural
sweetner, egg lecithin as natural stabilizer, sodium benzoate as preservative. RC and

Table 2 Composition of spread formulation

Ingredients RRC RDC DC RC

Chai flour 100 gm 100gm 100gm 100gm

FCO3 30 ml 30 ml 30 ml 30 ml

Honey 20 gm 20 gm 20 gm 20 gm

Egg lecithin 10 gm 10 gm 10 gm 10 gm

Sodium benzoate Pinch of Pinch of Pinch of Pinch of

Salt Pinch of Pinch of Pinch of Pinch of
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Fig. 2 RC spread

Fig. 3 DC spread

Fig. 4 RRC spread

DC spread does not form the smooth paste-like structure whereas RDC spread form
a little closure to smooth paste-like structure. RRC spread forms the exact smooth
paste-like structure. All the formulationswere subjected to sensory evaluation among
10 research scholar of SOCSAT lab.Themost liked spreadwas subjected to proximate
composition.

3.3 Sensory Evaluation

Consumers are attracted by the positive attributes of food products. So, for the best
quality products, sensory evaluation is a major criterion for judging the acceptability
of it. Sensory quality is a combination of all the senses of perception applied for
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Fig. 5 RDC spread

Table 3 Sensory evaluation of all spread formulations

Parameter RRC RDC DC RC

Color 8.85 ± 0.37 7.57 ± 0.53 5.25 ± 0.690 4.71 ± 0.755

Odor 8.85 ± 0.377 7.57 ± 0.53 7.42 ± 0.534 7.42 ± 0.534

Texture 8.85 ± 0.377 8.00 ± 0.577 4.714 ± 0.487 4.28 ± 0.487

Taste 8.57 ± 0.535 8.14 ± 0.377 6.714 ± 0.951 5.85 ± 0.690

Spreadibility 8.42 ± 0.534 7.85 ± 0.377 7.147 ± 0.690 6.28 ± 0.487

Overall acceptance 8.85 ± 0.377 7.857 ± 0.37 6.57 ± 0.53 6.142 ± 0.690

All tests were performed in triplets. Data is expressed as mean ± SD

selecting and eating foods. The main ingredients of the prepared food product chia
seed andfish skin oil are of edible food-grade quality as established by previousworks
(Susana et al. 2015; Rana 2019; Savedboworn et al. 2017; Vera et al. 2015; Ghosh
and Bhattacharyya 2019) so, organoleptic evaluation of freshly prepared nondairy
spread and the control one (chocolate spread) was done by the research scholar of
SOCSAT labwho are conducting their research in food science background, to assess
the acceptability of the product based on the various sensory attributes like color,
texture, test, aroma, spreadability, and overall acceptability and the panelist must be
applied the spread on a piece of bread while test. The evaluation was done on a 9
point hedonic scale method where 9 is like extremely and 1 is dislike extremely and
the results were mentioned in Table 3.

3.4 Spreadability Properties of Spread

Spreadability is one of the important factors for spread-like products. It signifies
how smoothly the product can spread on bread and other food products. Among all
the spread formulations RRC spread shows the maximum spreadability properties
followed by RDC, RC, and DC spreadability (Table 4).
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Table 4 Spreadability
properties of different types
spread product

Product Spreadability (%)

RRC 85

RDC 75

DC 65

RC 75

3.5 Optimization

The prepared spreads were exposed to sensory evaluation. Different testers are
provided with the formulated spreads and they tested the product according to the
taste, color, odor, appearance, and texture. The results are expressed in Table 3.
Spread formulated with roasted chia flour is the most acceptable product among all
the formulated spread.

4 Conclusion

In the last few years, a few no of workers have drawn a sequence of experiments on
chia seeds with an outcome on proximate composition, describing various methods
of oil extraction and its limited application to food products. In general the fish
processing industries generate a large amount of waste with fish skin being the major
component. Hence these works try to put forward the upshots obtained after blending
the extracted chia seed oil andfish skin oil, which have been formulated in preparation
of spreads. The raw roasted chia (RRC) spread gives the best result when compared to
the RDC, DC, and RC spreads. The conversion of raw chia flour to its roasted variety
adds a nutty smell and attracting color to the final product. In terms of all the aspects
including color, texture, spreadability, sensory evaluation, overall acceptability, and
antimicrobial analysis RRC suits the tasters. It is gluten free, protein rich, and also
antioxidant rich.
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Application of Used Tea as Solid Matrix
for Immobilization of Alkaline Protease
by OVAT Method

Tapasi Polley and Uma Ghosh

Abstract Enzyme immobilization on a solid matrix is nowadays widely employed,
particularly in the food and pharmaceutical industries, in biomedical applications
such as biosensors, immunological test systems, and in the production of fine chem-
icals. The conventional method of enzyme immobilization includes adsorption due
to electrostatic and hydrophobic adhesion and covalent binding by internal cross-
linkage of enzymes on a solid support. The immobilization of enzymes can offer
several advantages including repeated usage of enzyme thereby reducing the cost of
the enzyme, ease of product separation, and improvement in enzyme stability. The
used tea, an abundant renewable source, can be applied as solid matrix for enzyme
immobilization. In the present investigation, the immobilization of alkaline protease
was studied on used tea. Immobilized enzyme showed better thermal stability than the
free enzyme. Optimum conditions of immobilization investigated include tempera-
ture, pH and storage stability, and also reusability. The best result of immobilization
yield (34%) and immobilization efficiency (45%) was found with 300 mg of solid
matrix. The immobilized enzymewas activity even after eight cycles of repeated use.

Keywords Alkaline protease · Immobilization · Thermostability · Solid matrix

1 Introduction

Enzyme has been immobilized on several natural and synthetic supports (Naghsh-
bandi et al. 2018). For effective immobilization, the carrier solid matrix should have
very good inertness, regenerability, physical strength and resistance to microbial
attack, thermal stability, and huge accessible surface area (Santos et al. 2015). The
main advantage of enzyme immobilization is improved stability and resistance of
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an immobilized enzyme to harsh environmental conditions such as large ranges of
pH and temperature (Cipolatti et al. 2014). In the last decades, several methods have
been used for immobilization of enzymes. These techniques are commonly classi-
fied into four wide categories; that is, covalent binding, adsorption, entrapment, and
cross-linking (Dwevedi et al. 2016). In general, the chemical and physical properties
of the supports used in combination with the biochemical properties of the enzyme
play a key role in selecting the most appropriate immobilization technique (Mateo
et al. 2007).

Immobilized enzymes offer more advantages, when compared to free enzymes,
like enhanced stability against various denaturing conditions, higher catalytic
activity, easier product and enzyme recovery, continuous operation of enzymatic
processes, reusability, and reduced susceptibility tomicrobial contamination (Asftraf
et al. 2010). However, limitations in applications of immobilized enzymes include
high cost and low yield (Matto et al. 2007). The effective support materials for an
immobilized enzyme should be low cost and provide an adequate large surface area,
together with the least diffusion limitation in the transport of substrate and product
(Krajewska et al. 2004). Natural polymers used as carrier materials in immobilization
technology, such as alginate, carrageenan, agarose, chitin, and chitosan, along with
their application in the treatment of various pollutants, have the advantages of being
nontoxic, biocompatible, and biodegradable (Zille et al. 2003). Used tea is cheap,
easily available, and nontoxic biological waste material. The utilization of used tea
as solid matrix will not only reduce the disposal as well as pollution problem but will
also help the immobilized enzyme to be cost-effective. The present study deals with

i. Immobilization of alkaline protease using polyphenol extracted used tea as solid
matrix.

ii. Characterization of immobilized enzyme to temperature & pH optima, storage
stability, and reusability.

iii. Comparative study of thermal stability and pH stability of free and immobilized
enzyme.

2 Materials and Methods

2.1 Microorganism and Inoculum Preparation

Alternaria alternata TUSGF1 strain was originally isolated from poultry farm soil
and identified as producer of alkaline protease according to Polley et al. (2018). For
inoculum preparation, the strain was grown on PDA agar slant at 30 °C for 7 days
incubation.
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2.2 Solid-State Fermentation

SSF was carried out in 250 ml conical flask containing 5 gm of substrate with 5 ml of
distilled water (w/v) and it was autoclaved at 121 °C for 15 min. After sterilization,
the flasks were inoculated with 5 ml of inoculum and incubated at 30 °C for 7 days.
At the end of fermentation, fermented substrate was extracted with 50 ml distilled
water for 2 h. The filtrate obtained was centrifuged at 4000 rpm for 20 min at room
temperature. The supernatant was used as crude enzyme extract.

2.3 Partial Purification of the Enzyme

The crude enzyme obtained after centrifugation was concentrated to half of its initial
volume using rotator vacuum evaporator (EYELA CCA-1110). Ammonium sulfate
precipitation was done according to Abidi et al. 2011. To remove the high amount of
salt from the precipitated protein, dialysis of the precipitate was performed. The 80%
ammonium sulfate precipitate was used for dialysis against 1 mM Tris Hcl buffer
(pH 8.0) till removal of sulfate from the protein fraction. The dialyzed protein was
then subjected to further purification. The partially purified enzyme was used for
further studies.

2.4 Preparation of Solid Matrix

The tea residues obtained after preparation of tea beverage were treated for
polyphenol compound extraction (Pavlovic et al. 2013). The solid separated out
of extraction process was collected and further treated with chlorine dioxide solution
(1:6 w/v) as an oxidizing agent. The oxidation reaction was continued for 30 min.
After this reaction the treated used tea was separated by filtration washed thoroughly
with distilled water and dried at 80 °C for overnight. This polyphenol extracted used
tea was employed as solid matrix in the immobilization process.

2.5 Immobilization of Alkaline Protease by Used Tea

1gm of used tea was mixed with a predetermined initial concentration of enzyme
(1:20 w/v). Then the immobilized samples were collected after filtration, washed
with distilled water, and enzyme activity was measured.
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2.6 Protease Assay

Activity was determined according to the method described by Polley et al. using
casein as substrate (Polley et al. 2016). The proteolytic unit was defined as the amount
of enzyme that released 1 μg of tyrosine per minute under the assay condition.

2.7 Immobilization Yield

Initial activity of enzyme used for immobilization and is expressed as follows.

Yield(%) = Total Immobilized activity× 100

Starting activity
(1)

Total activity of immobilized enzyme was calculated by subtracting the residual
enzyme activity remaining in the enzyme solution after immobilization.

Efficiency(%) = Observed activity× 100

Immobilized activity
(2)

2.8 Optimization of Amount of Solid Matrix
on Immobilization of Alkaline Protease

Effect of amount of solidmatrix on immobilization of proteasewas studied by carring
out immobilization with (100, 200, 300, 400, and 500 mg) of used tea. Each case the
enzyme yield was determined.

2.9 Optimization of Incubation Time on Immobilization
of Alkaline Protease

This effect was studied by incubating the mixture for the time period (2, 4, 6, 8, and
10 h) and for each sample enzyme assay was done.
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2.10 Optimal Temperature and pH for Enzyme Activity

The temperature activity profile of the immobilized enzyme was studied by incu-
bating the immobilized enzyme in 100 mM Tris Hcl buffer (pH 8.0) for 30 min with
casein as substrate. The temperature range at temperatures (30, 35, 40, 45, 50, 55
and 60 °C), and enzyme activity was measured at each temperature.

Alternatively, the pH activity profile was studied incubating the enzyme substrate
solution at 37 °C and at different pH from 7.5–10. Then enzyme activity was
determined for various pH values.

2.11 Thermal Stability and pH Stability

Thermal stability of the free and immobilized enzyme was determined by 2 h of
incubation enzyme over the temperature range (30, 35, 40, 45, 50, 55, and 60) °C at
(pH 8.0). Residual activity was measured under standard conditions and expressed
as percentage of the relative protease activity.

The pH activity profile for partially purified free and immobilized enzyme was
determined at 37 °C for 2 h by incubating the enzyme with substrate at various pH
ranges from 3 to 8. The pH of the reaction mixture was varied using different buffers
(pH 7.5–9 and 10) and enzyme activity was calculated.

2.12 Storage Stability and Reusability

The immobilized alkaline protease was stored at Tris Hcl buffer (100 mM, pH 8.0)
at 4 °C for 30 days. The activity was measured every 6 days.

The immobilized alkaline protease was repeatedly used for hydrolysis in each
experiment. After each runs the immobilized enzyme was washed with distilled
water followed by Tris Hcl buffer and stored in the same buffer.

3 Results and Discussion

3.1 Effect of Amount of Solid Matrix on Immobilization
of Alkaline Protease

The amount of solid matrix for immobilization was optimized on the basis of immo-
bilization yield and efficiency. Out of different amount of solid carrier used for
immobilization of protease, maximum enzyme yield (34%) and efficiency (45%)
was observed with 300 mg of matrix (Fig. 1). On increasing the amount of solid
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Fig. 1 Effect of amount of solid matrix on protease

matrix, enzyme binding did not improve. Hence, 300 mg of used tea was the matrix
for further studies. Puri et al. (2005) reported that the maximum amount of solid
matrix for enzyme activity of immobilized naringinase was 600 mg.

3.2 Effect of Incubation Time on Immobilization of Alkaline
Protease

Maximum enzyme yield (40%) and efficiency (52%) binding of protease was
observed at 6 h of incubation time, with no increase in binding thereafter (Fig. 2).
The decrease in enzyme activity after 6 h was due to lengthy exposure of incubation
time with enzyme. Enzyme activity was sustained up to 6 h and thereafter enzyme
concentration was inhibitory.

3.3 Optimal Temperature and pH

The activity of immobilized protease at different temperatures is shown in Fig. 3.
From the result it is clear that optimumactivitywas obtained at 45 °C. This increase of
the optimum temperature is probably a significance of enhanced enzyme production.
The optimum temperature for enzyme activity of immobilized phytases was 55 °C
and similar to some studies (Das et al. 2016).
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Fig. 2 Effect of incubation time on immobilization of protease

Fig. 3 Optimum temperature of immobilized protease

The result of the effect of pH on the immobilized is shown in Fig. 4. The optimum
pHfor the immobilizedproteasewas8.5. pHvalues ranging from8.0 to 9.0, indicating
that the immobilized alkaline proteasewasmore resistant to alkaline conditions. They
showed that in addition to the shift of the pH optimum from 7.5 to 9, more resistant
to the alkaline environment was obtained (Dutta et al. 2017).
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Fig. 4 Optimum pH of immobilized protease

3.4 Temperature and pH Stability

The thermal inactivation of free and immobilized enzyme was represented in Fig. 5.
The results indicated that the immobilized enzyme was stable at (35–60 °C). This
may be due to preservation of the struct of the enzyme by thematrix. An enhancement
of enzyme thermal stability due to the immobilization process was reported by other
authors (Kumar et al. 2015).

Fig. 5 Thermal stability of free and immobilized protease
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Fig. 6 pH stability of free and protease

The pH stability of free and immobilized protease is shown in Fig. 6. The
maximum activity of both free and immobilized protease was found at pH 8.5. This
increase in the optimum pH is probably a consequence of enhanced pH stability.
El-Tanash et al. reported that a slight increase or decrease in optimal pH after
immobilization.

3.5 Reusability and Storage Stability

The result of immobilized enzyme on solid matrix is shown in Fig. 7. The relative
activity of immobilized enzyme retained 100–90% activity from first cycle to eight
cycles and decrease from fourth cycle. A. niger tannase immobilized on sodium
alginate beads without cross-linking with glutaraldehyde was used repeatedly for 7
cycles with 77% relative activity (Srivastava et al. 2010).

Protease stability was measured after a month of storage at 4 and 30 °C. The
immobilization yield on 30th day was found 69% at 4 °C. Figure 8 showed that
immobilized enzyme is more stable at 4 °C than 30 °C. β-galactosidase immobi-
lized on alginate- gelatin fiber treated with glutaraldehyde was active for 35 days
(Tanriseven et al. 2002).
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Fig. 7 Repeated use of immobilized protease

Fig. 8 Storage time of immobilized protease

4 Conclusions

In the present experiment, the potential application of this matrix in enzyme immobi-
lization is reported. These results have shown that used teamay be effectively applied
as a good supporting carrier for immobilization of alkaline protease. The successful
application of this matrix not only reduces the disposal and environmental pollution
problem as well as will make the process cost-effective.
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Isolation and Characterization of Arsenic
Tolerant Bacteria from Industrial Soil
and Analysing Its Metal Removal Potency

Aishwarya Das, Ranjana Das, and Chiranjib Bhattacharjee

Abstract Heavy metals are typically categorized as unavoidable contaminants of
environment and arsenic is the most crucial heavy metal of concern. Arsenic appears
in nature in different oxidation state and trivalent one, As(III) is reported as the
component responsible for toxicity to animal and human as this form is more persis-
tent in nature and cannot be broken down completely in non-toxic form. The present
study aims to introduce the concept of microbiology to neutralize/eliminate the toxi-
city of As (III). Seven bacteria were isolated from two soil samples collected from
the industrial zone of district Howrah and district South 24 Paraganas, West Bengal.
The MIC values of the isolated bacterial systems experimentally observed and a
consortium was prepared based on MIC values to achieve optimum removal effi-
ciency. The consortium was found to tolerate up 200 mM of As(III) concentration
and highest arsenic removal potency of 92% was observed. The plasmid DNA isola-
tion and degradation were also performed to confirm the presence of desired genes
promoting survival of the bacteria in stress conditions. Hence, with proper design
and tuning, the isolates bioremediation of As(III) contaminated effluents may be
achieved with immense societal benefits.

Keywords Arsenic · Bioremediation · Arsenic tolerant bacteria · Industrial soil ·
Metal removal potency
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1 Introduction

Arsenic is a metalloid element which is widely distributed on surface of the earth.
Arsenic is 20th most abundant element in earth’s crust, 14th in seawater and 12th in
human body (Woolson 1975). Arsenic is a highly toxic pollutant that is released in
the environment due to the natural calamities and anthropogenic actions. The indis-
criminate release of the heavy metal into the soil and water is a major health concern
worldwide, as it cannot be broken down into non-toxic form and therefore has long-
lasting effects on ecosystem (Dixit et al. 2015).Arsenic is found in almost 20minerals
but the free metal is rare. The major forms of arsenic in environment exist in several
oxidation states, As(V), As(III), As(0), and Arsenide(-III). The most common forms
encountered in the soil are As(V) and As(III); i.e. arsenate and arsenite. Arsenite is
themost toxic form of arsenic salt. Arsenic is exposed in the environment through the
pedogenic process of weathering and also through human activities. The most signif-
icant natural source is weathering of minerals, erosion and volcanic activities (Dixit
et al. 2015). The anthropogenic activitieswhich release arsenic in the environment are
mining, industries, agrochemicals, waste disposal and atmospheric disposal. Toxicity
of Arsenic varies amongst the nature of species as well as with the oxidation state of
the metal ion (Acharya et al. 1999). The probable reason has been explained as the
expression of genes which are involved in the synthesis of AQP9 enzymes (Acharya
et al. 1999). The toxicity of the arsenite is due to its affinity for closely-related spaced
cysteine thiolates, it inactivates enzymes and receptors by binding to active site of
cysteine residue, formation of disulphide bonds and production of reactive oxygen
species by binding to reduced glutathione (Bhattacharjee et al. 2008). The indus-
tries such as paint, mining, agrochemicals are the major source of arsenic pollution.
The groundwater is contaminated heavily due to effluents released by these indus-
tries. This has been recognized as one of the major catastrophic proportions. One
doesn’t normally associate arsenic with life, but it is now apparent that various types
of microorganisms gain energy for growth from these toxic metals (Oremland and
Stolz 2005). Microorganisms and their enzymes are actively involved in the arsenic
cycle. They are involved in oxidation, reduction and methylation reactions. Usually,
microbes have two types of uptake system, one is non-specific and the other is highly
substrate specific. Bioremediation is the microbial-based cleaning mechanism of
contaminants which may include toxins like hydrocarbons, agrochemicals and other
organic toxicants. The heavy metals are not entirely rendered harmless by microbes
and their enzymes but this is the technology they use to get rid of the arsenic. Potent
metal sorbent bacteria are under the genera ofBacillus,Pseudomonads, Streptomyces
and P. Aeroginosa. The mechanism that involves tolerating the metal in their cell has
been reported as, (i) Exclusion of themetal ions by keeping away from the target sites;
(ii) extrusion of the metals by pushing out of the cell through chromosomal/plasmid-
mediated events; (iii) accommodation of metal form complex with the metal-binding
proteins or other cell components; (iv) biotransformation: toxic metal is reduced to
less toxic forms and (v) methylation and demethylation. This study aims to isolate,
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characterize arsenic tolerant bacteria from arsenic polluted areas and to analyse the
arsenic removal potency.

2 Materials and Method

2.1 Sampling and Preparation of Metal Solutions

The present study selected two industrial zones where arsenic is used for manufac-
turing their products. Two soil samples were collected from the industrial waste
disposal area (5–6 cm) depth. Control sample was collected from region free
of any arsenic contamination. The simulated arsenite and arsenate solution was
prepared from the salts sodium arsenate and sodium arsenite, respectively, in 1 mM
concentration.

2.2 Isolation of Metal (Arsenic) Resistant Bacteria,
Screening and Characterization

The metal resistant bacteria were isolated from the collected soil sample by spread
platemethod. Themedia usedwasminimal media [M9 salts: 20ml,MgSO4 (1mM)–
200 µl, CaCl2 (1 mM)–10 µl] and TSB agar media supplemented with 0.5 mM of
arsenite solution. Pure culture was done by streak plate method.

TheMIC at which no colony growth occurred for arsenite solution was performed
by broth dilution method. Minimal media was prepared supplemented with different
concentrations of arsenite solution (0.1–150mM/L). The tubeswere inoculated asep-
tically and incubated at 35 °C for 48 h. Minimum concentration of arsenite allowing
growth of the isolates was an indication of positive tolerance.

The bacterial isolates that could tolerate the arsenic concentration were selected
and characterized physically, biochemically and molecular. Gram nature was
observed, silver nitrate test was performed as described by Simeonova et al. (2004).
Biochemical tests were performed, the MRVP test, catalase test, starch hydrolysis,
TSI, respectively, to characterize the bacteria isolated. Molecular characterization
was done by isolation of plasmid DNA and confirming that the bacterial isolates
contain plasmid.
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2.3 Preparation of Consortium and Plasmid Curing

A consortium is defined as two or more microbial groups living symbiotically. They
could be endosymbiotic or ectosymbiotic. The concept of consortium was first intro-
duced by Johannes Reinke in 1872. In this study, the consortium was prepared using
the bacterial isolates having high metal (arsenic) tolerance.

Plasmids are defined as extrachromosomal structure that replicates independently.
Most of the essential genes required for the normal survival of bacteria are found in
chromosomes. Many bacteria also carry different mobile genetic elements (MGE),
that contribute to specialized functions as antibiotic resistance, metal resistance, etc.
Thus, plasmid curing is a method to substantiate the relationship between the genetic
trait and carrying that specific trait in the plasmid. Numerous agents Viz. chemical
and physical are used, namely, acridine orange, acriflavin, SDS, etc. In this study
ethidium bromide is used as the curing agent. The nutrient broth was prepared and
filter sterilized ethidium bromide was added at concentrations ranging from 1.0–
100 µg. Then the culture was added and incubated at 37 °C. The highest turbidity
showing tube was used for plating and testing for survivability check.

2.4 Removal of Arsenic from Simulated Solution

The metal biosorption study of selected isolates was performed by measuring the As
removal by the bacterial cells usingmethods proposed by Pazirendeh et al. (1998) and
Bhakta et al. (2012). Fresh bacterial culture was harvested in 2mL centrifuge tube,
tubes were centrifuged (13000 g/min) and the cells were washed three times with
sterilizedMiliQwater. Pellets of the cell (40mgwet weight) of each bacterial isolates
were resuspended in 5 ml sterilized As (1 mg/L) solution. Samples were incubated
for 4 h at 37 °C. After incubation, the samples were centrifuged 13000 g/min) and
the supernatants were filtered through a 0.25 µm filter paper. The As content was
measured using spectrophotometer using safranin O as a reagent at 532 nm. The
metal removal percentage was calculated using equations described by Bhakta et al.
(2012).

3 Results and Discussion

3.1 Isolation of Metal Resistant Bacteria

Seven arsenite resistant strains were isolated from sample 1 and sample 2 after
cultured in minimal salt media and TSB media. The isolates are AsR1 AsR2, AsR3,
AsR4, AsR(i), Asr(i), AsR(iii) (Fig. 1). The minimum inhibitory concentration of all
the isolates has been presented in Table 1. The higher MIC values indicated that the
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Fig. 1 Isolation of bacteria
from arsenic-contaminated
soil sample

Table 1 Minimum inhibitory
concentration

Bacterial isolates MIC values (mM)

AsR1 10

AsR2 25

AsR3 70

AsR4 50

AsR(i) 10

AsR(ii) 150

AsR(iii) 150

bacterial isolates can tolerate a high concentration of arsenite salt. Thus the selected
isolates can be used for efficient bioremediation process. Characterization profile of
all the arsenic tolerant isolate has been presented in Table 2. This is to characterize
the bacterial isolates based on morphological character. Amongst the seven bacterial
isolates four were Gram positive in nature and three were Gram negative in nature.
A brief of the observations of biochemical test has been presented in Table 3, to
demonstrate the biochemical nature of the bacterial isolates. Table 3 represents the
sugar utility of the isolates (TSI test), their capability to neutralize the toxic effects
of oxygen metabolites, the ability to hydrolyse starch and to IMV test to characterize
if any of the isolates were enteric in nature.

Table 2 Characterization of arsenic tolerant isolates

Characteristics
of strains

AsR1 AsR2 AsR3 AsR4 AsR(i) AsR(ii) AsR(iii)

Colony colour Off-white Off-white White Yellow White Pale brown Off-white

Colony shape Circular Irregular Ovoid Circular Punctiform Irregular Circular

Surface Smooth Smooth Rough Smooth Granular Smooth Smooth

Elevation Convex Flat Raised Convex Raised Convex Convex

Margins Entire Undulate Entire Entire Entire Undulate Entire

Opacity Opaque Opaque Opaque Opaque Transparent Transparent Opaque
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Table 3 Observation of biochemical tests

Biochemical tests AsR1 AsR2 AsR3 AsR4 AsR(i) AsR(ii) AsR(iii)

Catalase test + + + + + + +
Indole test − − − − − − −
Methyl red test + + + − + + +
VP test − − − − − − −
Citrate test − − − − + + −
Starch hydrolysis − − + + − + +
TSI test − − + + + + −

Table 4 Arsenic removal
potency of the selected
bacterial isolates and the
consortium prepared

Selected bacterial strains Arsenic removal(%)

AsR1 77

AsR2 65

AsR3 82

AsR4 85

AsR(i) 78

AsR(ii) 92

AsR(iii) 89

Table 3 represents the sugar utility of the isolates (TSI test), their capability to
neutralize the toxic effects of oxygen metabolites, the ability to hydrolyse starch
and IMV test to characterize if any of the isolates were enteric in nature. Arsenic
removal potency of the selected bacterial isolates has been presented in Table 4,
which represents the efficiency percentage of the isolates, showingAsR(ii) to produce
the highest removal efficiency percentage. The present study has revealed the high
metal tolerance capability of the isolated bacteria. The MIC values of the isolated
bacteria can tolerate up to 100 mM of arsenite. The arsenic removal percentage of
the selected isolates was more than 50% and amongst the seven selected bacteria
AsR(ii) has shown the highest removal percentage of 92, the consortium has the
removal percentage of 94. The plasmid curing of the selected isolates revealed that
plasmid is an important factor that is associated with the arsenic resistance.

3.2 Molecular Characterization

AsR3, AsR4, AsR(ii) and AsR(iii) showed band under UV-transilluminator. Plasmid
was then cured and it was checked by further running gel and the survivability test
was done on TSB media. The four solates AsR3, AsR4, AsR(ii), AsR(iii) was plated
and observed after 24 hr, no visible growth was observed. The result revealed that the
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Fig. 2 No colony growth
observed after plasmid
curing

heavymetal resistance (Arsenic)mechanism is plasmidmediated. Figure 2 illustrates
the absence of any colony growth after plasmid curing.

4 Summary of Overall Work

Bioremediation is an innovative technology in removal of heavy metals and the
present study based on similar concept of microbial capacity to tolerate heavy metals
and the removal percentage of them has illustrated significant removal percent.
Further studies regarding the technology development based on such process are
expected to be supportive to the community suffering from arsenic toxicity.
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Application of Bacillus sp. NITD 19
for Utilization of Cyanide as Nutrient
Source

Abhilasha Rai, Sanket Mukherjee, Agradeep Mukherjee,
Jitamanyu Chakrabarty, Pinaki Bhattacharya, and Susmita Dutta

Abstract Cyanide is highly toxic to our ecosystem. Themain contributor of cyanide
to the environment is the untreated or improperly treated wastewater coming from
various industries like steel, metallurgical, mining, tanning, etc. Bioremediation is
an inexpensive yet effective measure, compared to physico-chemical methods, for
removal of cyanide from industrial effluents. In the present study, one indigenous
bacterial strain was collected and isolated from the outfall of nearby coke-oven
plant and identified as Bacillus sp. NITD 19 through 16S rRNA gene sequencing.
The test strain was used for removal of cyanide from synthetic solution. Lethal
dose analysis was performed and the strain was found to grow up to 100 mg/L
initial cyanide concentration. One factor at a time (OFAT) analysis was performed
to get the effective operational parameters for maximum removal by varying pH
(6–10), inoculum load (1–4%), temperature (25–37 oC), and initial concentration
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(20–100 mg/L) in a judicial manner. Time variation study of cyanide removal was
carried out then. FTIR study was performed for biomass characterization.

Keywords Cyanide · Bioremediation · Lethal dose · Bacillus sp.

1 Introduction

Cyanide has been found as one of the most toxic chemicals for aquatic and terrestrial
ecosystem (Razanamahandry et al. 2016, 2019). Anthropogenic sources of cyanide
include the emission from industries like mining, metallurgical, steel, leather, paper,
etc. (Sharma et al. 2019). Cyanide is one of the most hazardous chemicals which can
deteriorate the environment day by day. The cyanide laden industrial effluents should
be treated properly before being discharged to the environment. Though there are
several methods for treatment of cyanide, the selection of suitable one depends on
different factors such as its contamination level, cost of the method, environmental
effect of themethods, etc.Amongphysical, chemical, and biologicalmethods, the last
one is found to be fascinating owing to its capability of removal in ppm level, low cost,
and environment-friendly nature. Bacterial treatment of cyanide loadedwastewater is
one of themost attractive techniques over the other remediationmethods (Tiong et al.
2015). As per literature, microbes use cyanide as the nutrient source for their growth
(Luque-Almagro et al. 2016). In the present work, one bacterial strain, collected and
isolated from contaminated site and identified as Bacillus sp. NITD 19, was found
effective in removal of cyanide from synthetic solution.

2 Materials and Methods

2.1 Collection, Isolation, Identification, and Growth
of Bacterial Sample

Bacterial sample was collected from outfall of nearby coke-oven plant. Molecular
identificationwas done by 16S rRNAgene sequencing (EurofinsGenomics India Pvt.
Ltd., Bengaluru, India). Test strain was cultured with cyanide containing minimal
medium [K2HPO4.2H2O (1.0 g/L), MgSO4.7H2O (0.2 g/L), CaCl2.2H2O (0.01 g/L),
NaCl (0.01 g/L), MnSO4.4H2O (0.2 g/L), CuSO4.5H2O (0.2 g/L) and ZnSO4.7H2O
(0.2 g/L), and glucose (0.2 g/L)]. The growth of isolated strain was studied in terms
of its cell biomass content.
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2.2 Lethal Dose Analysis

Test stain was grown on minimal media with varying concentration of cyanide from
20–100 mg/L with inoculum load 2% at pH 7. The culture was kept in BOD shaker
(Modern Equipment, M/s Atlanta Drugs and Chemicals, India) at temperature 37 °C
and shaking speed 120 rpm under aseptic condition for 72 h. Samples were collected
after incubation period. The samples were centrifuged at 5000 rpm for 15 min.
Supernatant was analyzed with selective ion meter (Thermo scientific, Orion Dual
Star, pH/ISE) for measuring residual cyanide concentration. Pellet was washed twice
with deionized water and kept for drying at 65 ± 2 °C overnight for getting cell
biomass concentration.

2.3 One Factor at a Time (OFAT) Analysis and Time
Variation of Cyanide Removal

In order to know the effects of the different parameters like pH, inoculum load,
temperature, and initial cyanide concentration on removal of cyanide, OFAT study
was performed by varying the pH (6–10), inoculum load (1–4%), temperature (25–
37 °C), and initial concentration (20–100 mg/L) individually in a judicial manner
(Upendar et al. 2018). Test strain was grown in minimal media for 72 h at a partic-
ular operating condition and samples were collected and analyzed for cell biomass
concentration and residual cyanide concentration.

After assessing suitable operating conditions corresponding to maximum cyanide
removal, time variation studywas performed. Test strainwas grown in cyanide loaded
minimal media at pH 8 with inoculum load 4%, and at temperature 37 °C for 72 h.
Sampleswere collected after every two hours intervals andwere analyzed for residual
cyanide concentration and cell biomass content.

2.4 Characterization of Cell Biomass

Fourier Transform Infrared spectroscopy (FTIR) study of both treated and untreated
dry biomass of test strain was done using Fourier Transform Infrared spectropho-
tometer (Instrument Model: NEXUS-870).
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Fig. 1 Lethal dose analysis
of Bacillus sp. NITD 19 for
cyanide removal

3 Results and Discussions

3.1 Collection, Isolation, Identification and Growth
of Bacterial Sample

Bacterial isolate has been identified as Bacillus sp. NITD 19. Growth study has been
performed inminimalmedia. Preparatory phase of the test strain has been found large
which might be due to nitrogen deficiency and limited amount of carbon source in
the present culture medium (figure is not shown).

3.2 Lethal Dose Analysis

Bacillus sp. NITD 19 has been found to grow up to 80 mg/L cyanide concentration
and beyond this value, growth has been restricted (Fig. 1). High concentration of
cyanide affects the microbial growth. This is in line with the observations made by
other scientists (Kandasamy et al. 2015). From the diagram, maximum dry biomass
has been obtained as 141 ± 0.97 mg/L at initial cyanide concentration of 40 mg/L.

3.3 One Factor at a Time (OFAT) Analysis and Time
Variation of Cyanide Removal

Maximum cyanide removal and maximum cell biomass content have been obtained
at a particular value of each varying parameters such as at pH 10 (85 ± 1.05%,
150± 1.91 mg/L), with inoculum load of 4% (92.5± 0.13%, 157.4± 2.5 mg/L), at
temperature 37 °C (92.5± 0.13%, 157.4± 2.5mg/L) (Fig. 2a–c).Maximum cyanide
removal (98.6± 0.1%) has been obtained with initial concentration of 20mg/Lwhile
maximum biomass (157.4 ± 2.5 mg/L) has been obtained at initial concentration of
40 mg/L (Fig. 2d). Suitable operating condition has been chosen based on maximum
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Fig. 2 Cyanide removal using Bacillus sp. NITD 19 at different a pH, b inoculum load, c temper-
ature, d initial cyanide concentration, and e time variation study for removal of cyanide and dry
biomass concentration using Bacillus sp. NITD 19

biomass production. Maximum cyanide degradation was observed at pH 10 but from
economic point of view, pH 8 has been selected for further studies because both
removal and growth at pH 8 are found nearly same to that obtained at pH 10. Further,
loss of cyanide due to volatilization is also less at pH 8. Therefore, the most effective
condition has been found as follows: pH 8, inoculum load 4%, temperature 37 °C,
and initial concentration 40 mg/L.

Variation of removal of cyanide has been shown in Fig. 2e. From the diagram,
it can be stated that cyanide has been utilized as a carbon and nitrogen sources by
Bacillus sp. NITD 19.

3.4 Characterization of Cell Biomass

The FTIR spectra of naive and pollutant loaded Bacillus sp. NITD 19 biomass with
wave numbers ranging from 4000 to 400 cm−1 have been shown in Fig. 3. The both
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Fig. 3 FTIR spectra of native and treated cell biomass

naïve and treated bacterial biomass comprise of the characteristic bonds such as C–O
stretch, C=C stretch, C–N stretch, N=O, C–H stretch, and N=H at the wavenumbers
of 1087, 1653, 2378, 1312, 2978, and 3451 cm−1, respectively. From the diagram,
it can be stated that treated biomass has sharp and intense peaks as compared to the
native cell biomass which might be due to nitrogen and carbon incorporation in the
cell biomass.

4 Conclusion

The study has demonstrated the potential of Bacillus sp. NITD 19 to remediate
cyanide, by consuming it as a carbon and nitrogen source under aerobic condition.
OFATanalysis provides the suitable operational parameters for themaximumcyanide
removal such as pH 8, inoculum load 4%, temperature 37 °C, and initial concentra-
tion 40 mg/L. Therefore, the present strain can efficiently be used for treatment
of cyanide laden industrial wastewater in environment-friendly and cost-effective
manner. However, the continuous study with real wastewater is scope of the future
work.
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Degradable Plastic Composite
Film—A Comparison Between
Photocatalytic and Biodegradation

Parbatee Nag, Aniruddha Mukhopadhyay, Amrita Debnath, Anirban Roy,
and Sampa Chakrabarti

Abstract Due to the non-biodegradable and impervious nature, accumulation of
plastic wastes in the environment poses an ecological threat. Plastics are generally
littered into soil and water bodies. Microorganisms play a crucial role in biodegra-
dation of plastics. They sometimes utilize these plastics as the substrate. It is also
known that sunlight degrades plastic to some extent and the degradation is enhanced
by adding semiconductors in the polymer matrix to promote solar photocatalysis. In
this work, composite film comprising of polyvinyl chloride (PVC), polycaprolactone
(PCL, for facilitating biodegradation), and ZincOxide (ZnO, a semiconductor photo-
catalyst active under sunlight) was subjected to photocatalytic and bio-degradation
separately. The microbial strain capable of degrading PVC was isolated from soil
and was identified as Bacillus altitudinis. Degradation in both cases was monitored
by weight loss. Maximum degradation obtained by photodegradation was 17.8%
whereas maximum biodegradation was about 10%. Photodegradation was a fast
process (2 h) whereas biodegradation was a complex and slow process (25 days).
The degradation by photocatalytic process followed pseudo first-order kinetics.
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1 Introduction

Environmental pollution is one of the most serious problems that the ecosystem is
facing today. Increased use of plastic in every fields of life is nowadays considered
as the most dangerous threat to the environment. Accumulation of waste plastic on
the land is greater and more concentrated than that in the water. As per the estimate
by Central Pollution Control Board (CPCB) the plastic consumption in India is 8
million tons per annum and about 5.7 million tons of plastic is converted into waste
annually (Rathi 2006; Chakrabarty et al. 1995).

These waste plastics are generally littered into soil and water bodies and cause
serious damage to the environment. Due to the non-biodegradable and impervious
nature of plastics, if disposed in the soil, they create resistance to the recharging of
groundwater aquifers in addition to polluting soil. Traditional methods for plastic
waste handling are often creating new environmental difficulties. Incineration is one
conventional way of treating plastic wastes but complete and incomplete combustion
of waste plastics generates hazardous greenhouse gases, carcinogenic compounds,
and acidic gases along with soot and ash. These combustion products are toxic,
mutagenic, and endocrine disruptors (Lee et al. 1995). With the excessive use of
plastics and increasing need for efficient plastic waste disposal, the demand for
developing material which does not burden the environment significantly has been
increased in the recent years. Many scientists advocate for the development of
biodegradable plastics. But recently several disadvantages of biodegradable plas-
tics are noticed; moreover, they are still not economical and widely available. So
the need for invention of easily degradable plastic material is a demand of the day.
Research is going on throughout the world to develop synthetic plastic films that can
undergo degradation by several natural conditions like sunlight, ambient temperature,
humidity, and microorganisms. According to different studies, soil microbial popu-
lations play crucial role in biodegradation of plastics. The polymer is first converted
to its monomers during degradation then the monomers are absorbed into micro-
bial cells and biodegraded (Goldberg 1995). The characteristics of polymer such as
mobility, crystallinity, molecular weight, functional groups, and substituents present
in its structure, and plasticizers or additives, all play significant roles in its degra-
dation (Artham and Doble 2008; Gu et al. 2000). Campos et al. (2011) showed that
plastic-blended films were achieved significant biodegradation in a very short incu-
bation time. Ishigaki et al. (1999) have studied the mechanism of biodegradation of
the blended film. It is also true that light energy generally degrades plastic. Solar
photodegradation of plastics can be enhanced using semiconductor photocatalysis
(Cho and Choi 2001; Zhang et al. 2004). Cho and Choi (2001) reported 27% loss in
weight for PVC-TiO2 film (1.5 wt% TiO2) under 200Wmercury lamp (1.5 mW/cm2

between 300 and 400 nm wavelength) after 300 h of exposure. On the other hand,
Zhang et al. (2004) observed about 50% weight loss with TiO2-PVC film under a
250W lamp (2.0 mW/cm2) in 250 h. Chakrabarti et al. (Chakrabarti and Dutta 2008;
Sil and Chakrabarti 2010; Chakrabarti et al. 2011) reported photocatalytic degrada-
tion of polymer-ZnO composite materials. In another study, they showed 12.29%
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of degradation of PVC nanocomposite film comprising sonochemically synthesized
Fe-doped ZnO nanoparticles in 3.5 h when exposed to the sunlight (Das et al. 2016).

The aim of this work is to develop a plastic composite film comprising polyvinyl
chloride (PVC), zinc oxide (ZnO, a semiconductor photocatalyst), and polycapro-
lactone (PCL, a biodegradable organic compound) and to compare photocatalytic
and biodegradation of the film. The source of light was sunlight and the source of
microbes was contaminated soil.

2 Materials and Methods

2.1 Materials

PVC powder (free from plasticizers) was obtained from Reliance Industries Ltd.
(trade name—Reon-grade 67–01), with k value 67 ± 1. Cyclohexanone (C6H10O,
Mol. Wt. 98.15) was obtained from E. Merck, Mumbai. Zinc oxide (ZnO-extra pure
AR grade) was obtained from Sisco Research Laboratories Pvt Ltd Mumbai, India
and Polycaprolactone (PCL-Sigma-Aldrich, USA).

2.2 Methods

2.2.1 Preparation of Plastic Composite Film Comprising PVC, PCL &
ZnO

The plastic composite film was prepared by adding 0.625 gm of PVC powder in
25 ml of cyclohexanone using a magnetic stirrer to obtain a clear viscous solution.
Then 0.125 gm polycaprolactone and finally 0.025 gm ZnO was added into it with
continuous stirring for about 3 h to facilitate biodegradation and photodegradation,
respectively. The suspensionwas then cast on a clean glass petridish (15 cmdiameter)
and air dried at ambient condition. Thickness of the film was about 50 µm. Samples
of approximately 7 cm × 2 cm were cut from the film.

2.2.2 Photocatalytic Degradation of the Film Under Sunlight

Weighed samples of composite film were exposed horizontally in the photocatalytic
reactor to the sunlight in presence of air andwater. The reactorwas a jacketed stainless
steel (SS) boxfilledwithwater. The top coverwas a quartz sheet for allowing sunlight.
Air was bubbled through water in the reactor for supplying oxygen. The intensity of
solar radiation inside the reactor was measured using a digital luxmeter (Dispart &
Coalescent digital lux meter LX-101). The sample was withdrawn from the reactor
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at specific time intervals and the degradation was monitored by weight loss of the
sample using weighing balance (model no. BT 224 S, Max 220 gm, d = 0.1 mg,
made by Sartorius) as described by Sil and Chakrabarti 2010.

2.2.3 Collection of Soil Sample

Soil samplewas collected from a depth of 4–5 cm fromCaptain Bhery Eco&Aquatic
Hub located at Tapuriaghata, E. M. Bypass Road, Kolkata-700105 for microbial
isolation that was used for biodegradation of plastics. The site was used for dumping
municipal solid waste along with huge amount of plastic materials either openly or
partially buried in the soil. Samplewas collected using a sterile spatula and aseptically
taken to the laboratory for further analysis.

2.2.4 Isolation and Identification of PVC-Degrading Microbes
from Soil

A stock solution of the collected soil sample was prepared by mixing 1gm soil with
10 ml of normal saline water (0.9%). Single colonies were obtained after 24 h incu-
bation at 37 °C temp. Single colonies were further subcultured on freshly prepared
nutrient agar slant to obtain pure cultures. Mineral Salt Media (MSM) was used for
screening bacteria from the isolated pure culture those were able to degrade PVC.
PVC was used in the media as a major carbon source because MSM contain all
nutrients except carbon necessary for bacterial growth for 4–8 weeks at 37 °C for
isolating PVC-degrading bacteria. A control set was maintained (bacterial inocula-
tion onmediawithout polymer) simultaneously. The culturewas identified byMTCC
(CSIR), Chandigarh for 16S rRNA gene sequencing (1434 bases) and Blast search.

2.2.5 Biodegradation of the Film Using Isolated Microorganisms

Accurately weighed and sterilized plastic composite films were aseptically trans-
ferred to the 250 ml conical flasks having 50 ml of sterile MSM broth with 0.1%
yeast extract in the laboratory. Except control each conical flask was inoculated
with 5% of isolated PVC-degrading bacteria at approximately the same time. All
the flasks were then incubated in a temperature-controlled shaker at 160 rpm at
37 °C for 25 days. After every 5 days, the films were recovered from the media and
adhered bacterial cells, if any, were washed off from the surface of the film with 2%
(v/v) SDS (sodium dodecyl sulphate) and further washed with distilled water ( Gilan
et al. 2004). The washed films were then dried overnight at 60 °C and finally the
degradation was monitored by loss of weight.
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2.2.6 Characterization of the Film Before and After Degradation

Characterization of all the films was done by Scanning Electron Microscopy (SEM;
Model No. S3400N, VP SEM, Type- II, Hitachi, Japan) along with Fourier Trans-
formed Infra-Red Spectroscopy (FTIR; Perkin Elmer l- Spectrum-2, Singapore)
before and after photocatalytic degradation in addition to biodegradation. SEM was
used for determining surface morphology whereas FTIR was used for functional
group study.

3 Results and Discussion

3.1 Isolation of PVC-Degrading Strains

22 morphologically different isolates were obtained from the collected soil sample.
Among these 22 isolates only 5 strains (FS1, FS2, FS3, FS4, and FS5) were able to
degrade plastic composite film comprising PVC, PCL, and ZnO. The present work
has been conducted by FS1 strain only and therefore FS1 is only identified.

3.2 Identification of Strain FS1

On the basis of 16 s rRNA gene sequencing method the FS1 strain was characterized
as Bacillus altitudinis. Highlights of the colony morphology are: irregular configu-
ration and margin, rough surface with raised elevation; gram-positive spore forming
bacteria and can form pigment; spores are oval and centrally positioned. Growth
characteristics indicate its positive growth in the temperature range 15–50 °C, pH
range 5–9, and salt concentration of 3–9%.Biochemically they are positive in Casein,
gelatin hydrolysis, catalase, and Esculine hydrolysis.

3.3 Photodegradation and Biodegradation of Plastic
Composite Film

Maximum degradation obtained by photocatalysis was 17.8% after 120 min as it
is a fast process whereas after 25 days maximum 10% microbial degradation was
achieved because any biological process is actually a complex and slow process.
For comparison, blank experiments with PVC, PVC-ZnO composite, and PVC-PCL
composite films were subjected to the same experimental conditions (Figures not
shown). The observed data have been represented in Fig. 1a, b. Average intensity of
light was 341 × 100 lx in case of solar degradation. From Fig. 1a, b, it is observed
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Fig. 1 Typical time-weight profile for a photo and b biodegradation of composite films

that PVC-PCL-ZnO had experienced the maximum photodegradation by sunlight
whereasmaximum biodegradation occurred for PVC-PCL composite film. Hydroxyl
radicalwas generated on the surface ofZnOphotocatalyst and it attached thePVCand
PCLmolecules in the former case and for the later case, presence of the biodegradable
component PCL is responsible for the maximum biodegradation (Hoffmann et al.
1995; Turchi and Ollis 1990). PVC-ZnO composite film also degraded considerably
by bacteria since ZnO acted both as a micronutrient and as a support for the biofilm
(Brown et al. 2017).

3.4 Characterization

3.4.1 Scanning Electron Microscopy (SEM)

The untreated PVC-PCL-ZnO film showed almost plain surface. Since photodegra-
dation was rapid and much higher, surface of the film after photodegradation was
more rough and ruptured compared to the same after biodegradation which is a slow
process degrading less amount of the film. This change in the morphology is due to
the mechanical or physical action of microorganisms on PVC surface (Webb et al.
2012). Surface morphology of the other films is not shown (Fig. 2).

3.4.2 Infra-Red with Fourier Transform (FTIR)

After FTIR analysis some common peaks were observed in PVC, PVC-ZnO, and
PVC- ZnO-PCL alongwith specific peaks. In PVC few specific peaks were present at
approximately 2552, 2399, 2243, 2087, and 1936 cm−1 those were not found in other
two samples; this may be due to the presence of C≡C stretch or C=C=C antisym
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Fig. 2 SEM images of PVC-PCL-ZnO film a untreated b after photodegradation c after
biodegradation

stretch or O–H stretching of carboxylic acid group. Similarly in PVC-ZnO, due to
C–Cl stretch and presence of CH2 group in methylene chain two new peaks were
found at ~853 cm−1 and ~749 cm−1, respectively. But none of them were found
in PVC and PVC-ZnO-PCL. On the other hand, two unique peaks were observed
in PVC-ZnO-PCL due to the presence of chromophore group (at ~1353 cm−1) and
C–O stretch (at ~1067 cm−1).

4 Conclusion

In this work, various composite films comprising PVC, PCL, and ZnO particles
have been subjected to photocatalytic and biodegradation separately. Degradation
of PVC-PCL-ZnO film by solar photocatalysis with ZnO catalyst in 120 min was
the maximum (17.8%). Biodegradation was accomplished by a microbe isolated
from contaminated soil. The microbe was later identified as Bacillus altitudinis by
16S rRNA gene sequencing method. Biodegradation after 25 days was maximum
for the PVC-PCL film (22.81%) whereas PVC-PCL-ZnO film experienced 10%
biodegradation. A sequential photo- and biodegradation may be tried so that the
overall degradationmaybe enhanced.Aphoto-bio-degradable filmmaybe developed
in this way.
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Optimization of Energy-Proficient
Infrared Radiated Rapid Hydrolysis
of Pineapple Skin to Reducing Sugar

Swapnendu Chatterjee, Sayan Kumar Bhattacharjee, Rajdip Roy,
and Rajat Chakraborty

Abstract Waste pineapple skin (WPS)has beenhydrolyzed into reducing sugar (RS)
usingAmberlyst 15 catalyst. The effects of the application of infrared radiation on the
intensification of hydrolysis of WPS have been evaluated. The Taguchi orthogonal
design determined optimal values of process factors, viz., 70 °C reactor temperature,
30min batch time, water toWPS ratio (w/w) of 35, and 2wt% catalyst concentration,
corresponding to maximum 86.78% RS yield employing an infrared radiated batch
reactor (IRRBR). Remarkably, the RS yield in IRRBR was significantly greater than
that obtained (45.62%) using a traditional batch reactor (TBR) at the derived optimal
conditions.

Keywords Energy-proficient hydrolysis ·Waste pineapple skin · Amberlyst 15
catalyst · Taguchi optimization · Infrared radiation

1 Introduction

Lignocellulosic biomass (LB), comprises cellulose (40–50%), hemicelluloses (30–
40%), and lignin (20–30%). Cellulose hydrolysis plays an important key technology
for the synthesis of RS from naturally abundant LB such as wood waste, agricultural
crops, and fruit processing industries, i.e., waste pineapple skin (WPS) (Seker and
Zain 2014; Zain et al. 2010), and cotton straw (Yang et al. 2013). Many industrially
important chemicals such as bioethanol, furfural, HMF, and levulinic acid can be
derived from RS (Limayem and Ricke 2012; Huber et al. 2006; Palmqvist and Hahn-
Hägerdal 2000).

Homogeneous alkaline hydrolysis has some disadvantages, viz., long reac-
tion time and high alkali concentrations (Kucuk and Demirbas 1999). Hydrolysis
catalyzed by homogeneous acid for synthesis of RS from cellulose suffers from
several drawbacks, i.e., leaching, handling, corrosions and generation of hazardous
waste streams, and long reaction time (Orozco et al. 2007). In the last few years,
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some works on ionic liquids demonstrated higher yield of RS (Φg); however, higher
costs made the overall process economically unattractive (Rinaldi et al. 2008; Zhang
and Zhao 2009).

To overcome these difficulties, many researchers have shown much interest in the
application of heterogeneous solid acid catalysts for LB hydrolysis (Suganuma et al.
2008). Recently, Meena et al. (2015) used Amberlyst 15 as solid acid catalyst for
rice straw hydrolysis, but owing to higher mass transfer resistance between insoluble
cellulose and solid acid, this method demonstrated poor hydrolysis efficiency.

In the last decade, microwave irradiation was applied to hasten the LB hydrol-
ysis for RS synthesis (Vani et al. 2012; Chakraborty and Sahu 2014). Nonetheless,
the yield was relatively low (20–45%) using HY zeolite in a microwave reactor
(400 W) for 4 min (Zhang and Zhao 2009). Vani et al. (2012) reported a maximum
Φg of 0.495 g/g applying 300 W power input for 6 min (108 kJ). Notably, high-
pressure pretreatment (180 °C, 100 rpm for 45 min) repeated for 5 times, consumed
approximately 540 kJ energy.

Recent work has exhibited the energy-efficient and time-saving application of
infrared radiation (IRR) to intensify the trans-esterification reaction ofwaste tallow to
produce ecologically benign cost-effective biodiesel (Chakraborty and Sahu 2014).
Notably, no scientific report is available on the application of IRR especially for
intensification of hydrolysis of WPS for production of RS.

Taguchi L9 orthogonal array has been used to evaluate the optimal process
conditions to achieve maximum Φg (Chakraborty and RoyChowdhury 2013).

This article reports the synthesis of RS by hydrolysis of pretreated WPS (PWPS)
using commercial Amberlyst 15 catalyst in an infrared radiated batch reactor
(IRRBR). The pretreatment of WPS, traditional Ammonia fiber explosion (AFEX)
pretreatment has been modified through the application of IRR. Taguchi orthog-
onal experimental matrix (TOEM) was employed to evaluate the effects of four
process factors, viz., PWPS to catalyst ratio(w/w), IRRBR Temperature (°C), water
to PWPS ratio(w/w), and reaction time (min) and to evaluate the optimal factorial
values corresponding to maximum Φg.

2 Materials and Methods

2.1 Materials

The WPS was collected from a local market and analytical reagent (AR) grade
chemicals, viz.,DNS (di-nitro salicylic acid) and aq.NH4OH(25wt%)were procured
from Merck (India); Amberlyst 15 catalyst was sourced from SIGMA-ALDRICH.
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Table 1 Experimental factors and levels for hydrolysis of PWPS

Process factors Xpc (W/W) XT (°C) Xwp (W/W) Xt (min)

Level 1 1 60 15 30

Level 2 2 70 25 45

Level 3 3 80 35 60

2.2 Pretreatment

In the present study, the conventional AFEX pretreatment process has been modified
through the incorporation of IRR replacing the traditional heating method.

2.3 Experimental Design and Optimization of RS Hydrolysis

The individual process factors and their levels are tabulated in Table 1 and the exper-
imental runs were performed in triplicate employing different combinations of the
four process factors, viz., PWPS to catalyst ratio (Xpc), IRRBR temperature (XT ),
water to PWPS ratio (Xwp), and batch time (Xt) as per TOEM (Table 2). TOEM was
employed to assess the interactions among process factors and to determine a set
of optimal process factors corresponding to maximum Φg through computation of
corresponding signal-to-noise (S/N) ratios using the softwareMINITAB-16 (Minitab
Inc. USA for Windows 7).

The S/N ratio values corresponding to the maximum Φg were calculated, using
“larger the better” characteristics. The S/N ratio for any run was computed using the
yield of RS, i.e., yi of the corresponding run (Eq. 1):

S/N = −10 log

(
1

n

n∑
i=1

1

y2i

)
(1)

where, i is the number of replicates and n is the number of trial experiments
performed in any particular factorial combinations as per Table 2.

2.4 Hydrolysis Procedure of PWPS

Hydrolysis of PWPS was carried-out in an IRRBR consisting of a 0.5 L three-
neck flask under IR irradiation (150 W; wavelength: 15 µm to 1 µm) equipped
with a mechanical stirrer (speed 700 rpm), and a PID temperature controller was
used to maintain the isothermal condition corresponding to the set point. A similar
design was applied in TBR excepting that, a traditional heating mantle (as a heat
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source, 500 W) was provided instead of FIR. The traditional AFEX pretreatment
was modified by employing FIRR. In a representative hydrolysis run, a measured
amount of PWPS and Amberlyst 15 (Table 2) were initially loaded in the IRRBR
reactor followed by addition of distilled water (taken as the zero time) at fixed water
to PWPS ratio (35 w/w, pH = 6.7). After the specified time, the reaction mix was
filtrered to separate the solid catalyst and PWPS residue. Additionally, the yield of RS
(mol%) was evaluated according to Girisuta et al. (2013). The concentration of each
compound in hydrolysis product was determined through calibration curves prepared
by analyzing standard solutions of respective compounds of known concentrations.
The superiority of IRRBR over TBR in the hydrolysis of PWPS was evaluated by
comparing the RS concentration obtained in TBR at the TOEM derived optimal
process conditions. Furthermore, hydrolysis of PWPS was conducted in absence of
Amberlyst 15 using IRRBR and TBR at the optimal conditions. The resulting RS
yields were analyzed and compared with that of the catalytic hydrolysis to study the
effects of the catalyst on the PWPS hydrolysis.

3 Results and Discussion

3.1 TOEM Analysis

The design of hydrolysis experiments as per TOEM and mean of three experimental
values of Φg along with the computed S/N ratio (Eq. 1) are presented in Table 2.

Summary results of the ANOVA ( Table 3) indicate that the p values of XT and
Xt are significant (P < 0.05) among the other process parameters.

Table 2 L9 orthogonal experimental matrix at different operating conditions and corresponding
mean Φg and signal-to-noise (S/N) ratio

Trial No Xpc (w/w) XT (°C) Xwp (w/w) Xt (min) Φg (mol/mol) S/N ratio(dB)

1 L1 L1 L1 L1 75.67 ± 0.12 37.58

2 L1 L2 L2 L2 84.19 ± 0.23 38.50

3 L1 L3 L3 L3 79.51 ± 0.14 38.01

4 L2 L1 L2 L3 73.84 ± 0.21 37.37

5 L2 L2 L3 L1 86.78 ± 0.19 38.77

6 L2 L3 L1 L2 82.23 ± 0.22 38.30

7 L3 L1 L3 L2 74.87 ± 0.34 37.49

8 L3 L2 L1 L3 81.68 ± 0.13 38.24

9 L3 L3 L2 L1 80.27 ± 0.41 38.09
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Table 3 Analysis of variance (ANOVA)

Source DF Adj SS Adj MS F-value p-value

Xpc 1 1.084 1.0837 0.05 0.838

XT 1 51.803 51.8028 49.27 0.014

Xwp 1 0.416 0.4161 0.02 0.899

Xt 1 9.856 9.8560 30.43 0.036

Error 4 91.383 22.8458

Total 8 154.542

Table 4 S/N ratios at different levels of the process factors and delta values (difference of the S/N
values between highest and lowest levels of process factors)

Level Xpc XT Xwp Xt

1 38.03 37.48 38.04 38.15*

2 38.14* 38.51* 37.99 38.10

3 37.94 38.13 38.09* 37.87

Delta 0.21 1.03 0.10 0.27

Rank 3 1 4 2

*Optimal factorial levels corresponding to highest S/N ratio that results in highest RS yield

3.2 Optimal Process Conditions

The higher the difference between the minimum and maximum S/N ratios in each
factor, the higher is its effect on theΦg ( Table 4). Theoptimal conditions of hydrolysis
were found to be 2 Xpc, 70 °C XT , 35 Xwp, and 30 min Xt , that resulted in the highest
S/N ratio (38.77) corresponding to highest Φg (86.78).

3.3 Interaction Among Process Factors for Hydrolysis
Process

An increment in catalyst concentration at all values of reaction temperature rendered
augmented Φg over the range of factorial values (Fig. 1a). Similarly, at any given
catalyst concentration, an increase in temperature resulted in higherΦg. At the lowest
Xwp values, any rise in catalytic concentration (Xpc) resulted in higher Φg (Fig. 1b).
On the other hand, due to increment in hydrolysis time (Xt) above 40 min resulted
in lower Φg owing to the conversion of RS into undesired products (Fig. 1c). From
Fig. 1d, the interaction between Xwp and XT indicated that for any given Xwp over
factorial range considered in the present study an increase in hydrolysis temperature
resulted in greater Φg. From Fig. 1e an interesting observation between XT and Xt

could be observed for a given hydrolysis time. Any augmentation in IRR temperature
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Fig. 1 Interaction plots depicting factorial effects on RS yield

could facilitate greater Φg. Furthermore, it could be evident from Fig. 1f that for any
Xwp over the experimental range, has a negative influence on Φg.

The optimal process conditions derived through Taguchi analysis were (Run
NO. 5): 2 Xpc, 700C XT , 30 min Xt , 35 Xwp (Table 4). The hydrolysis conducted
at the optimal conditions, exhibited a standard deviation in the range from ±0.167
to ±0.452.

3.4 Effect of Infrared Radiation on Hydrolysis Kinetics
at Optimal Conditions

A comparative assessment of the time evolution of RS concentrations in IRRBR and
in TBR is depicted in Fig. 2. In case of IRR, it can be concluded that as the time
proceeds from 0–30 min the concentration of RS could be increased rapidly and

Fig. 2 Comparative
assessment of time evolution
of RS concentration using
a IRRBR and b TBR
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reached a maximum value of 0.1527 mol/L corresponding to max Φg (86.78 mol%).
Whereas, using traditional heating system, the RS yield increased slowly and reached
its maximum value ( Φg = 45.62 mol%) at 30 min. Notably, in absence of catalyst,
a lower RS yield of 75.43 mol% was observed in comparison with that obtained
(86.78mol%) in catalytic hydrolysis of PWPSbykeeping all other factors at optimum
level.

Thus, it was found that IRR could accelerate the hydrolysis of pretreated WPS
(PWPS) significantly and also shortened the conversion time to obtain the maximum
Φg as compared to the traditional heating method as IRR could penetrate hydrolysis
mix more intensely to disrupt cellulosic-crystalline structures. The impingement of
IRR causes accelerated stretching vibration of reactant molecules rendering rigorous
molecular collisions, thus, enhancing hydrolysis conversion of PWPS.

4 Conclusion

The present study demonstrates an energy-efficient novel hydrolysis process to
convert waste pineapple skin into RS using infrared radiated reactor. A significant
saving in batch time, and higher yield of RS at a considerably lower temperature
could be achieved compared to the traditional batch reactor. A significant amount
of energy could be saved through the application of infrared radiation (150 W) in
comparison with the traditional heating system (500 W). The present study also
demonstrates effective valorization of waste pineapple skin through the preparation
of RS by a cost-effective and environmentally benign process. The method may also
be exploited in the future for hydrolysis of other lignocellulosic biomass for the
synthesis of RS.
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Value Addition of Agricultural Wastes
for Improved Production of Industrially
Important Enzymes by Employing
Co-cultivation of Fungi

Sayari Majumdar and Jayati Bhowal

Abstract The aim of the present work was to evaluate the potential of cauliflower
wastes for the cost-effective production of industrially important enzymes using
mono and co-culture of Aspergillus niger, Aspergillus oryzae and Candida inter-
media under submerged fermentation. All fungal strains were able to use cauliflower
wastes as sole carbon source for producing enzymes such as cellulases and xylanase.
Organosolvent pretreatment of cauliflower wastes relatively removed more hemi-
celluloses and lignin in lignocellulosic waste residues than acid and alkali treat-
ment. Co-cultivation produced higher amount of lignocellulose degrading enzyme
system than the mono-culture used. Crude cellulases and xylanase of mono and
co-culture produced on the organosolvent pretreated cauliflower wastes with the
highest cellulose content were further tested for the release of reducing sugar during
the saccharification process of same pretreated waste biomasses. According to our
results, fungal filtrate harvested from submerged fermentation was more efficient for
lignocellulolytic biomass hydrolysis than the commercial enzymes.

Keywords Cauliflower wastes · Pretreatment · Cellulases · Xylanase ·
Filamentous fungi

1 Introduction

High production cost of pure lignocellulose degrading enzymes is the major obstacle
in the widespread commercialization of enzymatic lignocellulosic biomass hydrol-
ysis and also contributes to our environmental pollution problem. One potential
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approach to decrease the production cost as well as to offer safe and better envi-
ronment could be through the utilization of cheap, abundant and renewable ligno-
cellulosic biomass, especially agricultural waste residues as nutrient source for the
polysaccharide-degrading enzyme-producing microbes. Although a variety of ligno-
cellulosic substrates were tried for production of enzymes relevant to degradation of
lignocellulosic biomass (Sridevi et al. 2015), there is only a scanty published liter-
ature available on the use of cauliflower wastes (Dhillon et al. 2011). India is the
second-largest producer of cauliflower (Khedkar et al. 2017). Cauliflower has the
highest waste index (Stojceska et al. 2008) among the other vegetables belonging to
Brassicaceae family. Cauliflower wastes consist of good protein (16.1%), cellulose
(16%) and hemicelluloses (8%) (Wadhwa et al. 2015). Thus, besides the low cost
and higher biomass availability, cauliflower waste could serve as a very promising
substrate for microbial production of industrially important enzymes. The use of this
cheap agro-waste in the production of these enzymeswill bring down their production
cost and at the same time reduce environmental pollution due to the wastes accumu-
lation. Filamentous fungi produce appreciable levels of polysaccharide-degrading
enzymes (Ferreira et al. 2018). Aspergillus genus, namely, Aspergillus niger and
Aspergillus oryzae, are the two most important fungi frequently used in the release
of enzymes for degradation of recalcitrant biomass (Hu et al. 2011). Most literature
cited Candida albicans, Candida utilis, Candida lipolytica and other novel strains
capable of generating hydrolytic enzymes (Kuhad et al. 2011; Bansal et al. 2012).We
have not yet come across any published literature reporting commercial production of
cellulase and xylanase fromCandida intermedia. This study is the first direct compar-
ison of C. intermedia with two important enzyme-producing fungi A. niger and A.
oryzae. There has been an increasing interest in co-cultivation or synergistic action
of microbial strains for efficient metabolism of feedstock and release of enzymes in
substantial amount (Cavka and Jönsson 2014). In the present study, an attempt has
been made to utilize inexpensive and easily available agrowastes such as cauliflower
waste as substrate for enzymes production. Searching for new fungal strain suitable
for efficient production of industrially important enzymes is another objective of the
present study.

2 Materials and Methods

2.1 Microorganisms

Lyophilized three filamentous fungal strains Aspergillius oryzae MTCC 3782,
Aspergillus nigerMTCC9687 andCandida intermediaMTCC1404were purchased
fromMicrobialTypeCultureCollection (MTCC,Chandigarh, India).A small amount
of pellet of each fungal strain was dissolved in 100 ml Erlenmeyer flasks containing
30 ml of sterilized growth medium (Czapek yeast extract agar, malt extract agar and
malt yeast extract agar forA. oryzae,A. niger andC. intermedia, respectively). All the
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flasks were placed at 30 °C for 48 h to activate the fungi. All the media components
were purchased from Himedia Laboratories Pvt. Ltd., India (Mumbai, India). All the
chemicals used were of analytical grade and were procured from Merck, India.

2.2 Lignocellulosic Biomass Collection and Pretreatment

Cauliflower wastes (stalk and leaf) were collected from local market of Shibpur,
Howrah,West Bengal, India. They were first washed with deionized water to remove
dirt and impurities. Finely crushed cauliflowerwasteswere pretreated separatelywith
1% (v/v) 0.1 N dilute HCl and 1% (w/v) 0.1 N alkali (NaOH). For organosolvent
pretreatment, 10 gmof cauliflower stalk and leafwere suspended separately in 100ml
of methanol with 0.1 M sodium acetate as catalyst. Pretreatment was carried out in
autoclave at 121 °C for 15 min. The solution was centrifuged and the solid portions
were collected and washed with distilled water and the solution was adjusted to pH
7 with 0.1 MHCl. The pretreated cauliflower wastes were dried in oven at 50± 5 °C
and stored in airtight container for further use.

2.3 Inoculum Preparation

The inoculum was prepared by growing the fungal strains under submerged fermen-
tation in 150 ml Erlenmeyer flasks containing 50 ml of sterile Czapek Yeast extract
(for A. oryzae) and Malt extract and Malt Yeast extract media (for A. niger and
C. intermedia), respectively. Fungi were co-cultivated by inoculating 2 μl of spore
suspension on PDAplatewith a distance of 3 cmbymixing the spores and inoculating
it in the centre. The plates were incubated at 29 °C for 7 days.

2.4 Evaluation of Cauliflower Wastes for Extracellular
Enzyme Production by Submerged Fermentation

In the first set of experiment, fermentation was carried out in 250 ml of Erlenmeyer
flasks containing 5 gm (dry weight) of each above-mentioned pretreated wastes as
substrate was dissolved in distilled water and autoclaved at 121 °C for 15 min,
cooled and then inoculated with spore suspension containing 1 × 107 spores/ml of
actively growing mycelia of A. oryzae, A. niger and C. intermedia. In another set of
experiment, fermentation was carried out using spore suspension of co-cultures of
the above fungi (in the ratio of 1:1:1) under the same conditions as described above.
All the flaskswere incubated under static condition at 30 °C and enzymatic extraction
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was carried out after 7 days of fermentation. All the submerged fermentations were
carried out in triplicate.

2.5 Extraction of Enzyme

After 7 days of incubation, enzymes secreted during submerged fermentation were
extracted with sodium acetate buffer (0.1 M, pH 5) under shaking at 150 rpm for
1 h at room temperature. Solids were separated through centrifugation at 3000 rpm
for 20 min. Supernatants were collected, freeze-dried and stored at −30 °C for
subsequent enzymatic [cellulase (endoglucanase and exoglucanase), β-glucosidase]
and xylanase activities.

2.6 Enzyme Assay

Endo-β1, 4 D-glucanase (carboxymethylcellulase, CMCase) and Exo-β1, 4 D-
glucanase (cellobiohydrolase) in the culture supernatants were analysed according to
Ghosh (1987) using 2% carboxymethyl cellulose and 1% microcrystalline cellulose
(Merck Pvt. Ltd. Darmstadt, Germany) as substrate. The absorbance was recorded
at 540 nm using Spectrophotometer (JASCO V620 UV Vis spectrophotometer,
Maryland, USA) (Miller 1959). β-glucosidase (cellobiase) activity was evaluated
according to Herr (1979) using 2 mM p-nitrophenyl-β-D glucopyranoside (pNPG)
(Merck Pvt. Ltd. Darmstadt, Germany) as substrate. Xylanase activity was assayed
according to Bailey et al. (1992) using 1% corncob xylan as substrate.

All the assays were carried out in triplicates.

2.7 Enzymatic Saccharification with Crude Fungal Enzymes
and Commercially Available Enzymes

Enzymatic hydrolysis of organosolvent pretreated cauliflower stalk and leaf was
carried out according to Sindhu et al. (2012). The commercially available enzymes
and crude enzymatic extracts obtained from mono-culture of A. niger and co-culture
cultivations as described previously were used for carrying out the biomass saccha-
rification of cauliflower waste biomasses. In the first substrate batch, a suspension
of organosolvent pretreated (5 gm) waste biomass in 50 mM citrate buffer was incu-
bated separately with 1 ml of commercial cellulases [Celluclast® from Trichoderma
reesei (700 EGU/g)] and xylanase, [recombinant A. oryzae (≥2500 U/g)] in screw-
capped tubes. In another set of experiment, crude fungal cellulases obtained from
mono-culture of A. niger [Endoglucanase (160 ± 0.69 IU ml−1) Exoglucananase
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(105 ± 2.39 IU ml−1), β-glucosidase (72.31 ± 2.38 IU ml−1) respectively] and
co-culture (Endoglucanase (151.34 ± 0.16 IU ml−1), Exoglucananase (108.33 ±
0.26 IU ml−1), β-glucosidase (109.21 ± 2.31 IU ml−1)], respectively, cultivations
were used as enzyme source for aforementioned enzymatic saccharification process.
The crude xylanase used for saccharification was obtained from mono-culture of
A. niger (158.67 ± 3.18 IU ml−1) and co-culture (164.67 ± 0.31 IU ml−1) cultiva-
tion. The reaction was carried out in magnetic stirrer with hot plate (REMI Q19A,
Mumbai, Maharashtra, India) at 165 rpm bymaintaining the temperature at 50 °C for
5 h at pH 4.8 for cellulase and pH 5.4 for xylanase, respectively. The resultant super-
natants (hydrolysates) were analysed for reducing sugar content by DNS method
using glucose and xylose as the standard (Miller 1959).

The saccharification yield (hydrolysis efficiency) for both commercial and crude
cellulase and xylanase enzymes

Hydrolysis efficiency % = Formed TRS × 0.9

cellulose content of pretreated substrate
× 100 (1)

Hydrolysis efficiency% = Formed TRS × 0.88

hemicellulose content of pretreated substrate
× 100

(2)

where TRS = Total reducing sugar content, 0.9 is the anhydro correction factor for
glucose and 0.88 is the anhydro correction factor for xylose.

All the hydrolysis experiments were conducted in triplicate and the data are
represented as the mean ± SD.

Statistical Analysis

All experiments are done in triplicate and standard deviation was determined. To
determine the significance, the data was analysed by one way ANOVA using Origin
2018 software. Tukey test was performed for p value determination. Values of p <
0.05 were considered as significant value.

3 Results and Discussion

3.1 Proximate Chemical Composition of Substrates

Proximate analysis of untreated cauliflowerwastes was presented in Table 1 indicates
that both stalk (18.52 ± 0.082a%) and leaf (17.71 ± 0.186ab%) were good sources
of cellulose that could be further converted to fermentable sugars. However, the high
hemicellulose (13.6 ± 0.82b% and 15.1 ± 0.01a,d% for leaf and stalk, respectively)
and lignin content (11± 0.22a%and 8.3± 0.62a,d% for leaf and stalk, respectively) of
both the waste substrates inhibited the bioconversion rate of cellulose indicating the
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Table 1 Determination of cellulose yield, hemicellulose yield, acid soluble and insoluble or Klason
lignin yield of the solid residues after pretreatment

Substrate Pretreatment
methods

Cellulose yield
(% DM)

Hemicellulose
yield (% DM)

ASL (% DM) AIL (% DM)

Cauliflower
stalk

Untreated 17.71 ± 0.186a 13.6 ± 0.01b Negligible 8.3 ± 0.62a,b

Alkali
(NaOH)

63.29 ± 0.40a 7.54 ± 0.80b 5 ± 0.29c 3.3 ± 0.051a,b

Acid (HCl) 42.19 ± 0.27a 10.36 ± 0.62b 6.26 ± 0.55 2.04 ± 0.67a,b

Organosolvent
(methanol)

77.85 ± 0.58a 1.071 ± 0.71b 7.11 ± 0.69c 1.19 ± 0.26a,b

Cauliflower
leaf

Untreated 18.52 ± 0.082a 15.1 ± 0.01b Negligible 11 ± 0.31a,b

Alkali
(NaOH)

66.75 ± 0.57a 10.39 ± 0.69c 8.6 ± 0.32c 2.42 ± 0.12a,b

Acid (HCl) 46.87 ± 0.31a 12.56 ± 0.45c 6.52 ± 0.46 4.48 ± 0.52a,b

Organosolvent
(methanol)

74.97 ± 0.39a 6.84 ± 0.81b 9.51 ± 0.39c 1.49 ± 0.68a,b

ASL Acid soluble lignin, AIL Acid Insoluble lignin Sample evaluation is done in triplicate. Values
are calculated as Mean ± SD (n = 3). Lowercase letters indicate significant differences (p ≤ 0.05).
Values followed by the same letter are not significantly different (p ≤ 0.05)

requirement of pretreatment of both the biomasses. Changes in chemical composition
of waste biomasses after the pretreatments were shown in Table 1 indicating that
among the various pretreatment methods, organosolvent process recorded maximum
recovery of cellulose content for both cauliflower leaf (74.97± 0.39a%of dryweight)
and stalk (77.85 ± 0.58a% of dry weight) followed by alkali and acid pretreatment.
Pretreatment renders cellulose more accessible by increasing porosity of substrate
and accessibility of enzymes for digestibility of cellulosic biomass by disrupting
cell wall physical barrier (Maurya et al. 2015). There were only 1.071 ± 0.71b%
and 6.84 ± 0.81b% remaining hemicellulose in stalk and leaf, respectively, after
organosolvent (with 0.1 M Na acetate as catalyst) pretreatment at 120 °C. Low
lignin content of pretreated cauliflower wastes (Table 1) indicated that pretreatment
efficiently removed lignin content by breaking ether bonds and maximal removal of
lignin was observed with organosolvent treated biomasses.

3.2 Evaluation of Cauliflower Wastes for Extracellular
Enzyme Production by Submerged Fermentation

In the present study, individual culture and co-culture of three selected fungal strains
were aim to investigate fungal growth and subsequent enzyme production. These
results were then compared with fermentations using untreated biomasses and were
presented in Table 2.
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3.2.1 Endoglucanase and Exoglucanase Activities

In mono-culture cultivation, organosolvent pretreated cauliflower leaf exhibited
highest amount of endoglucanase activity (160 ± 2.87d,e IU ml−1) by A. niger
while maximum exoglucanase activity was achieved with organosolvent pretreated
cauliflower stalk by the same fungus (107.23 ± 0.36b,c IU ml−1). However, there is
hardly any report on the production of cellulases by C. intermedia and according to
our results C. intermedia exhibited significant endoglucanase (119.45 ± 0.63c IU
ml−1) and exoglucanase activities (102.12 ± 0.39c,d IU ml−1) while cultivated on
organosolvent pretreated cauliflower wastes. According to our results for pretreated
cauliflower stalk, co-cultivation of the three selected fungal strains resulted in an
increase in endoglucanase activity and produced a little less exoglucanase activity
than individual culture of A. niger. From these findings, it could be inferred that
presence of A. niger in any combination led to increase in the enzymatic activity.
Thus, the other fungal strains may be considered as ‘helper strain’ and A. niger as
the main enzyme-producing strain.

3.2.2 β-glucosidase

It was evident from Table 2 that the three fungi used in this study showed different
β-glucosidase profiles. C. intermedia exhibited the highest amount of β-glucosidase
activity (87.28 ± 0.78 IU ml−1) with organosolvent pretreated cauliflower wastes
under submerged fermentation. We observed higher β-glucosidase activity with the
co-culture cultivation of organosolvent pretreated cauliflowerwastes (115± 2.47c IU
ml−1) in comparison to the independent culture. Co-culture cultivations have yielded
maximum β-glucosidase activity which acts as the positive inducer for the release of
endoglucanase and exoglucanase in significant quantity (Kumar et al. 2016).

3.2.3 Xylanase Activity

Among mono-culture fermentation, highest extracellular xylanase activity of 146.67
± 0.743c IU ml−1 by A. niger was shown in organosolvent pretreated cauliflower
leaf. Biosynthesis of xylanase was regulated by the activation of gene transcription to
xylanase by the transcriptional activator XYR1. Co-culture cultivation of pretreated
cauliflower wastes had shown maximum amount of extracellular xylanase activity
of 164.67 ± 0.31c IU ml−1and 158.67 ± 3.18c IU ml−1for leaf and stalk, respec-
tively, (Table 2). Co-culture manifestation held promise because it had potential in
exerting synergistic effects by cohabiting and degradation of plant polysaccharides
by secretion of enzyme mixture extracellularly (Dhillon et al. 2011; Hu et al. 2011).
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Table 3 Comparative analysis of crude enzymes activities of fungal extracts produced on pretreated
cauliflower wastes by mono and co-culture in comparison to commercially available enzymes

Media Endoglucanase (IU
ml−1)

Exoglucanase (IU
ml−1)

β-glucosidase (IU
ml−1)

Xylanase (IU
ml−1)

CS (A. niger) 160 ± 0.69d,e 105 ± 2.39c 72.31 ± 2.38d,e 141.67 ± 0.45c

CL (A. niger) 155.65 ± 2.87 d,e 107.23 ± 0.36c 70.28 ± 1.37b 146.67 ± 0.743c

CS (Co
culture)

151.34 ± 0.16c 108.33 ± 0.26 109.21 ± 2.31c,d 158.67 ± 3.18c,d

CL (Co
culture)

142.23 ± 0.41c 106.45 ± 0.47d,e 115 ± 2.47c 164.67 ± 0.31 c

Commercial
cellulase

150 ± 1.56 45 ± 1.19 64.25 ± 1.17 –

Commercial
Xylanase

− – – 128 ± 1.29

CL Cauliflower leaf, CS Cauliflower stalk Sample evaluation is done in triplicate. Values are
calculated as Mean ± SD(n = 3). Lowercase letters indicate significant differences (p ≤ 0.05).
Values followed by the same letter are not significantly different (p ≤ 0.05)

3.3 Comparison Between Extracted and Commercially
Available Enzyme Activity Analysis

In our study, crude fungal extract from mono-culture cultivation of A. niger also
showed better activities of lignocelullosic degrading enzymes using pretreated
cauliflower wastes as substrates than other mono-culture fermentation except the
activity of exoglucanse obtained fromA. oryzae. Activities of the hydrolytic enzymes
that are relevant for the degradation of lignocellulose produced in our lab frommono-
culture (A. niger) and co-culture (A. niger + A. oryzae + C. intermedia) microbial
sources were compared with those of commercial cellulase and xylanase. The activ-
ities of endoglucanase, exoglucanase, β-glucosidase and xylanase obtained from
crude fungal extract of co-culture cultivation on organosolvent pretreated cauliflower
leaf were 142.23 ± 0.41c IU ml−1, 106.45 ± 0.47d,e IU ml−1, 115.67 ± 2.47c IU
ml−1 and 164.67 ± 0.31c IU ml−1, respectively, while those obtained from commer-
cial cellulase and xylanase were 150 ± 1.56 IU ml−1, 45 ± 1.19 IU ml−1, 64.25 ±
1.17 IU ml−1 and 128 ± 1.29 IU ml−1, respectively. These results (Table 3) clearly
indicated that except endoglucanase, all of the enzyme activities in the fungal extract
(frombothmono and co-culture)were higher than the available commercial enzymes.

3.4 Pretreated Cauliflower Waste Hydrolysis

Enzymatic saccharification is the penultimate as well as the most important step for
the conversion of pretreated lignocellulosic substrates into the production of reducing
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Table 4 Saccharification yield of crude enzymes of fungal extracts produced on pretreated
cauliflower wastes by mono and co-culture in comparison to commercially available enzymes

Enzymes Saccharification yield (%)

Os CS Os CL

Crude cellulase A. niger 71.15 ± 1.58a,d 69.87 ± 2.31a,d

Crude cellulase Co culture 76.23 ± 0.78a,d 70.87 ± 1.26a,d

Commercial cellulase 70 ± 0.62a,d 59.4 ± 0.78a,d

Crude xylanase A. niger 68.16 ± 1.58 71.89 ± 2.31

Crude xylanase Co culture 75.61 ± 1.34 93.24 ± 1.27

Commercial xylanase 57.52 ± 0.56a,d 87.62 ± 1.24a,d

sugars and other value-added products. Table 4 gave the saccharification yields
achieved in the bioconversion of pretreated lignocellulosic substrates for produc-
tion of fermentable sugars. Results here obtained clearly indicated higher sacchari-
fication efficiency was recorded with in-house-produced cellulases and xylanase on
pretreated waste biomasses than those of commercial cellulases and xylanase.

OsOrganosolvent pretreatment,CSCauliflower stalk,CLCauliflower leaf Sample
evaluation is done in triplicate. Values are calculated as Mean ± SD(n = 3). Lower-
case letters indicate significant differences (p ≤ 0.05). Values followed by the same
letter are not significantly different (p ≤ 0.05).

4 Conclusion

The present study highlighted the feasibility of utilization of cheap and readily avail-
able kitchen wastes as substrate for production of industrially important enzymes
under submerged fermentation, with a view to developing a low-cost production
system. Organosolvent treated cauliflower waste residues with the highest cellu-
lose content induced maximum production of extracellular enzyme components in
comparison to untreated one. Compared to commercial lignocellulolytic enzymes,
the in-house enzymes from fungal extracts exhibited better hydrolytic efficiency
under the same hydrolytic condition.
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Cost-Effective and Eco-Friendly Method
for Decolorization of Malachite Green
by Kocuria marina DAGII

Daiji Brahma and Debjani Dutta

Abstract This study aims for eco-friendly removal of Malachite green (MG) by
‘biosorption’ process. In our study, Kocuria marina DAGII isolated from soil could
effectively decolorize MG approximately up to 99% in continuous study. Column
study was performed for MG removal at different parameters to know the probable
applicability of bacterial cells in industries. Column adsorbent bed was prepared by
immobilizing bacterial cells in alginate. Response surface methodology (RSM) was
performed to screen and optimize different physical parameters to yield maximum
dye removal percentage. Analysis of variance (ANOVA) test was performed to study
the interactive effect of different parameters and adequacy of the quadratic model
in dye removal. From ANOVA test, PreR2 of 0.9914 and AdjR2 of 0.9844 obtained
indicated good agreement between experimental and predicted value and gener-
ated a reliable quadratic model for MG removal. The final parameters optimized
to get maximum dye removal in continuous mode were bed height 15 cm, flowrate
0.5 ml min−1, initial MG concentration 50 mg l−1, and alginate concentration of
2.5% (w/v).

Keywords Malachite green · Biosorption · Column study · Response surface
methodology

1 Introduction

Malachite green (MG) is a synthetic triphenylmethane dye which is widely used
in several industries for dyeing purposes (Chen et al. 2011). Excessive amounts of
malachite green inwastewater causewater pollutionwhich affectswater transparency
and gas solubility in water. Malachite green can cause severe irritation and pain to
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human eyes and skin upon chronic exposure. Due to its several negative impacts on
the ecosystem it is banned worldwide since 2006 by Food and Drug administration,
United States. But MG is still used in some of the industries due to the unavailability
of cheap substitute (Daneshvar et al. 2007; Bera et al. 2016; Wu et al. 2018; Lv et al.
2013). Hence, removal of MG from industrial effluent by an economically feasible
method is necessary to reduce the harmful effects of MG contamination. Biological
method for dye removal has gainedmore attention over several physical and chemical
methods due to inexpensive, highly specific, and ecologically friendly nature (Srini-
vasan andViraraghavan 2010). Biosorption process has several advantages over other
conventional treatment methods like low capital investment, inexpensive, low oper-
ational cost, high efficiency, production of biological or chemical sludge is less, etc.
(Wang et al. 2015). In recent years biosorption using micro-organisms were mostly
employed for removal of contaminants due to low cost, availability in large quantities,
and high efficiency nature. Among the micro-organisms bacteria could make excel-
lent biosorbent for dye removal due to their high surface to volume ratio, high content
of potential active sites, high abundance, and diverse nature. Batch operations are
frequently applied for dye removal study (Volesky 2007; Parmar and Shukla 2018).
Column study was performed to understand the applicability of adsorbent in dye
removal. Free cells are not suitable to be used in column due to its low size, density,
and tendency to plug the column (Pons and Fuste 1993). Immobilization of cells in
support matrix offers advantages such as increased stability, reduced cell loss, easier
solid–liquid separation, and allowsmore efficient utilization of the capacity of adsor-
bent (Adhikari et al. 2012; Bayat et al. 2015). Recently, more research is focused on
the application of live microbial biomass for wastewater treatments because they do
not require pre-treatments which further save operational costs (Parmar and Shukla
2018).

In our study, we aimed to effectively decolorize malachite green dye by using
Kocuria marina DAGII cells in continuous mode. Spectrophotometric analysis was
carried out to know the process of dye removal. Column study was performed at
different operating conditions using immobilized K. marina DAGII cells as packing
material. Screening and optimization of physical parameters were done by Response
Surface Methodology to obtain maximum removal.

2 Materials and Methods

2.1 Microorganism and Chemicals

The gram positive bacterial strain K. marina DAGII was isolated from the soil of
NIT Durgapur, West Bengal. Growth of bacterium was done as described (Mitra
et al. 2015). The strain was aerobically maintained in brain heart infusion (BHI)
agar slants for regular use by subculture method and stored at 4 °C for further use.
Inoculum was prepared as described (Mitra et al. 2016, 2017). All the chemicals



Cost-Effective and Eco-Friendly Method for Decolorization of Malachite Green … 279

used during the study were obtained fromMerck, Germany. A stock solution of MG
was prepared at a final concentration of 100 mg l−1. An inoculum of 1.2% (v/v) was
used.

2.2 Dye Decolorization Study

Dye decolorization study by live cells ofK.marinaDAGII was performed in UV–Vis
spectrophotometer (TECHCOMP UV 2310) by using the formula given in Eq. 1:

Co − Ct

Co
∗ 100 = Dyeremoval% (1)

whereCo is the initial concentration of MG (mg l−1) andCt is the final concentration
of MG (mg l−1).

2.3 Malachite Green Removal in Continuous Study

In batch study concentration of decolorized dye by K. marina DAGII cells was
measured at an equal interval of one hour for 8 h. Samples were taken and centrifuged
at 10,000 rpm for 10 min. The supernatant was collected and absorbance was
measured at 617 nm. In column study adsorbentwas prepared by immobilizingwhole
live cells of Kocuria marina DAGII in alginate with dropwise addition in calcium
chloride solution was done (100 mM, Merck) as described (Bera et al. 2016). Fixed
bed column of 1.5 cm diameter and length 30 cm was used during the study. Treated
MG solution was collected at an outlet at regular time intervals and the concentra-
tion was measured at 617 nm. All experiments were carried out at ambient room
temperature (25 °C).

2.4 Optimization of Column Parameters Using RSM

Design-Expert Software (Version 8.0.7.1, Stat-Ease, Minneapolis (USA) was used
for optimization and screening. Based on changing one variable at a time (COVT)
experiment response surface methodology (RSM) was conducted to identify signifi-
cant factors for an optimal response of MG removal by K. marina DAGII cells. The
four independent factors studiedwere alginate concentration (A) (2.5–3.5%), column
bed height (B) (10–15 cm), influent flow rate of MG solution (C)(0.5–1 ml min−1),
and initialMGconcentration (D) (30–50mg l−1).The variableswere set at fixed levels
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based on results of COVT experiments. Coded values of +1, 0, and −1 correspond
to high, medium, and low levels of factors.

3 Results and Discussion

3.1 Dye Removal Process in Column Study

Decolorization study was carried out in continuous mode to study efficiency of K.
marina DAGII cells in MG removal. Spectrophotometric analysis of MG removal
showed a single characteristic absorption peak at wavelength of 617 nm as shown
in Fig. 1. From the analysis, no change occurred in the pattern of UV–Vis spectrum
of dye during the decolorization process which suggests that dye did not undergo
degradation to form other toxic metabolites. Similar observations were made by
(Almeida and Corso 2014). Therefore, our results indicate that the removal process
might be controlled by biosorption process.

Fig. 1 Spectral scan of MG removal from 400 to 700 nm with adsorption peak at 617 nm
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3.2 Application of RSM and ANOVA in Column Study

COVT experiment of dye removal by immobilized cells showed 99% removal. RSM
was done to study the influence of different parameters contributing to maximum
dye removal as shown in Table 1. From the data provided by ANOVA (Table 2)
quadratic model was found to be significant (p < 0.0001). The lack of fit of model
was non-significant (p= 0.2416). Also significant values were obtained for different
parameters and their interactive effect on dye removal. In our study values of R2

(0.9914) and R2Adj (0. 9844) are highly acceptable (Fig. 2). Adequate precision
of 38.197 suggested that the model can be adequately used to navigate the design
space (Almeida and Corso 2014). The final model equation in terms of coded factors
governing the dye removal by K. marina DAGII was represented as given in Eq. 2:

MG removal (%) = 98.27 + 0.012∗A − 0.23∗B − 0.083∗C − 0.071∗D
+ 0.033∗A∗B − 0.35∗A∗C − 0.37∗A∗D
− 0.089∗B∗C + 0.21∗B∗D − 0.34∗C∗D

+ 0.055∗A2 − 0.055∗B2 − 0.35∗C2 − 0.024∗D2 (2)

3.3 Effect of Different Parameters on MG Removal

3.3.1 Alginate Concentration

The effect of alginate concentration in MG removal was studied. From Fig. 3 it was
observed that when alginate concentrationwas increased from 2.5 to 3.5% (gml−1) at
flow rate of 1mlmin−1, removal of dye decreased from98.3193 to 97.8572%.Results
obtained byMokhtar et al. 2017 predicted that increasing the adsorbent concentration
increases removal efficiency due to more available actively binding sites and large
surface area. However further increasing concentration leads to reduced removal due
to aggregation of biomass (Mokhtar et al. 2017).

3.3.2 Flow Rate

The effect of flowrate on MG removal was studied. In Fig. 3b it was observed that
increasing flow rate from 0.5 to 1 ml min−1 at initial MG concentration of 50 mg l−1

reduced the removal from 98.2017 to 97.565%. Ebraheim et al. (2018) reported
similar results and explained that increasing flow rate decreased the service time
of bed which reduces the removal of dye. Also Negrea et al. (2019) explained that
increasing flow rate reduces contact time and leads to poor distribution of adsorbate
inside the column which decreases removal capacity.
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Table 1 Optimization using CCD in RSM for MG removal in continuous mode

Run Factor A:
Alginate
concentration (g
ml−1)

Factor B: Bed
height(cm)

Factor C: Flow
rate (ml min−1)

Factor D: Initial
MG
concentration
(mg l−1)

Response:
Removal %

1 2.5 10 0.5 50 98.14

2 3 12.5 0.75 60 97.97

3 3 12.5 0.25 40 97.11

4 2.5 10 0.5 30 97.4

5 3 12.5 1.25 40 96.66

6 3.5 10 0.5 50 98.2

7 3 12.5 0.75 40 98.29

8 3 12.5 0.75 40 98.37

9 2.5 15 1 30 97.56

10 3 7.5 0.75 40 98.47

11 3.5 10 1 50 96.81

12 2.5 15 1 50 98.04

13 3.5 10 1 30 98.8

14 3.5 15 1 50 96.58

15 3 12.5 0.75 20 98.39

16 2.5 15 0.5 50 98.25

17 2 12.5 0.75 40 98.54

18 3.5 15 1 30 97.8

19 3 12.5 0.75 40 98.23

20 3 12.5 0.75 40 98.3

21 4 12.5 0.75 40 98.45

22 3.5 10 0.5 30 98.7

23 3.5 15 0.5 30 98.1

24 3 12.5 0.75 40 98.2

25 2.5 15 0.5 30 96.51

26 3.5 15 0.5 50 98.38

27 2.5 10 1 50 98.55

28 3 12.5 0.75 40 98.22

29 2.5 10 1 30 98.69

30 3 17.5 0.75 40 97.64

MGMalachite green
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Table 2 ANOVA for MG removal in continuous study

Source Sum of squares DF Mean square F-value p-value

Model 12.13 14 0.87 131.61 <0.0001 Significant

A-Alginate
concentration

3.75E−03 1 3.75E−03 0.57 0.4621

B-Bed height 1.25 1 1.25 190.03 < 0.0001

C-Flow rate 0.17 1 0.17 25.31 0.0001

D-MG
concentration

0.12 1 0.12 18.29 0.0007

AB 0.017 1 0.017 2.57 0.13

AC 2.02 1 2.02 306.24 <0.0001

AD 2.25 1 2.25 341.71 < 0.0001

BC 0.13 1 0.13 19.14 0.0005

BD 0.73 1 0.73 111.02 <0.0001

CD 1.81 1 1.81 274.74 <0.0001

A2 0.082 1 0.082 12.41 0.0031

B2 0.084 1 0.084 12.79 0.0028

C2 3.32 1 3.32 504.24 <0.0001

D2 0.016 1 0.016 2.43 0.1397

Residual 0.099 15 6.58E−03

Lack of fit 0.078 10 7.85E−03 1.93 0.2416 Non-significant

Pure error 0.02 5 4.06E−03

Cor total 12.23 29

DF Degree of freedom

Fig. 2 Predicted versus
actual plots in continuous
study
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Fig. 3 a Contour plot image of effect of alginate concentration and flow rate on MG removal.
b Contour plot image of effect of dye concentration and flow rate on MG removal. c Contour plot
image of effect of dye concentration and alginate concentration on MG removal. d Contour plot
image of effect of dye concentration and bed height on MG removal. e Contour plot image of effect
of flow rate and bed height onMG removal. f Contour plot image of effect of alginate concentration
and bed height on MG removal



Cost-Effective and Eco-Friendly Method for Decolorization of Malachite Green … 285

3.3.3 Initial Malachite Green Concentration

From Fig. 3c it was observed that increasing the dye concentration from 30 to 50 mg
L−1 at fixed alginate concentration of 3.5% reduces the MG removal from 98.6085
to 98.014%. Similarly MG removal decreased from 98.5543 to 97.9649% at fixed
bed height of 15 cm and is shown in Fig. 3d. Experiments by Kavianinia et al. (2012)
suggested that at higher initial concentration, the bed saturation was faster which led
to earlier breakthrough and exhaustion of column biosorbent.

3.3.4 Bed Height

The effect of bed height on dye removalwas studied. FromFig. 3e itwas observed that
decreasing the bed height from 15 to 10 cm at fixed flow rate of 0.5 ml min−1 reduces
the MG removal from 98.2785 to 97.6274%. Similarly in Fig. 3f it was observed that
MG removal decreases from 98.4257 to 98.0654% on decreasing the bed height at
fixed alginate concentration. Shadeera and Nagapadma (2015) reported that when
the bed height was increased the adsorbate had more time to be in contact with the
adsorbent which resulted in increased dye removal. Thus the different parameters
optimized for dye removal are bed height 15 cm, flowrate 0.5 ml min−1, alginate
concentration 2.5%, and MG concentration 50 mg l−1.

4 Conclusion

The present workwas designed to study the removal ofMalachite green byK.marina
DAGII. Spectrophotometric analysis study showed that the dye removal did not
undergo degradation process and was controlled by sorption process. Optimization
of different parameters was done by RSM to obtain the maximum MG removal.
ANOVA study of column showed the influence of different parameters and their
interactive effect contributing to MG removal. The quadratic model was found to be
significant and adequate which suggests that the model can be used to study the dye
removal process.

Acknowledgements I express my thanks to National Institute of Technology Durgapur, West
Bengal, India for supporting this work.
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Isolation of a Most Potent Bacterial
Strain from Soil for Bioremediation
of Phenol

Debapriya Maity, Pradyut Kundu, and Sunita Adhikari (Nee Pramanik)

Abstract Phenol is present as the basic structural compound of many synthetic
organics. This pollutant generates from different sources such as herbicides, wood
preservatives, petroleum industries, pharmaceuticals, etc. US Environmental Protec-
tionAgencymarked it as the priority pollutant. The objective of this study is to isolate
a potent bacterial strain from soil which is capable to remove phenol fromwastewater.
For this, soil sample was collected from the hospital area and enriched with 500 ppm
phenol for 10 days. After serial dilution of the soil sample, colonies were developed
in petri plate on nutrient agar medium. The isolated colonies were transferred to
the slant and screening was done to select the most potent strain in liquid nutrient
medium containing 500 ppm of phenol. The most efficient strain, P25, was able to
reduce almost ~99.44% of phenol concentration in 24 h, 37 °C temperature, pH 6.8.
The isolated strain was acclimatized in MSM (minimum salt medium) for 2 months
and habituated to remove 700 mg/L phenol concentration. Simultaneously the strain
was biochemically characterized and identified by 16S rDNA sequence analysis.
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1 Introduction

Many pollutants that are very hazardous for the nature are discharged from chemical,
pharmaceuticals and oil refinery industries including many aliphatic and aromatic
hydrocarbons (Taghreed and El-Naas 2014). Phenol is one of them, which has the
capacity to damage the gastrointestinal tract, irritation of respiratory tracts, muscle
tremors. Damage of liver, kidney, and nervous system are the adverse effects of
phenol. Also phenol is very much hazardous to the aquatic ecosystems (Szczyrba
et al. 2016). Therefore, it is mandatory to treat the phenol and phenolic wastes
properly before disposal into the nature (Szczyrba et al. 2016;Kumar et al. 2005). The
maximum permissible level of phenol in land water is 1 ppm according to the Central
Pollution Control Board (CPCB) and IS:2490-1974 (Cheela et al. 2014; Lathasree
et al. 2004; Saravanan et al. 2009). As per World Health Organization (WHO), the
safety limit of phenol in drinking water should not exceed 1 mg/L (Bakhshi et al.
2011; Saravanan et al. 2008; Wang et al. 2010).

Several treatment methods are there to treat phenol such as adsorption, chlori-
nation, ozonation as well as many physicochemical methods (Szczyrba et al. 2016;
Tamer et al. 2010). Due to high cost effect of these methods and production of
toxic intermediate compounds, involvement of biological processes is necessary in
the treatment of phenol (Szczyrba et al. 2016). These biological treatments may be
biosorption, biodegradation, bioaccumulation, etc., involving bacteria, algae, fungi,
etc. Many such studies have been done previously as Mohanty and Jena (2017) did
his experiment on biodegradation of phenol using Pseudomonus sp. NBM11 that
was able to degrade up to 1000 ppm phenol completely in the temperature ranging
between 30 and 32 °C and pH 6.8–7.2. Another study was done by Parvathy and
Prabhakumari (2017) involving Pseudomonas aeruginosa, isolated from industrial
soil to remove catechol.

The current study has been carried out aiming to isolate the most potent bacterial
strain to degrade phenol and the identification of the strain.

2 Materials and Methods

2.1 Soil

Soil was collected from the local hospital area.
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2.2 Reagents

Phenol-(analytical grade), 4-amino antipyrene, potassium ferricyanide, ammonium
chloride and ammonium hydroxide solution. Our targeted concentration of phenol
was prepared by mixing the properly weighed phenol to distilled water.

2.3 Bacterial Media

The nutrient agar medium with following composition was used for cultivation of
bacteria.

Peptone—0.5%, beef extract—0.3%, agar—3.0%.

2.4 Isolation and Screening of Most Potent Bacterial Strain

The bacterial strain capable of removing phenol was isolated by soil enrichment and
serial dilution plate count method. The soil was enriched with 500 ppm phenol for
10 days. After serial dilution and plate count isolated colonies were transferred in
individual slant. A total of 29 isolated colonies were transferred to slant.

Screening was done to select most potent strain. Each of the isolated colonies
was transferred to liquid medium and incubated 37 °C for 24 h in the presence
of 500 ppm phenol. After fermentation, the fermented broth was centrifuged and
the clear supernatant was used for spectrophotometric estimation of residual phenol
content.

2.5 Estimation of Residual Phenol Content

Residual phenol concentration was measured in spectrophotometer at 510 nm wave-
length followed by APHAmethod. Residual phenol content was calculated from the
standard curve made with the known concentrations of phenol.

2.6 Morphological, Biochemical, and Phylogenetic
Characterization of the Isolated Bacterial Strain

Morphological and biochemical characterization of the isolated bacterial strain was
done as per Bergey’s Manual of Determinative Bacteriology (Holt et al. 1993).
Phylogenetic assay was made by 16s rDNA method.
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3 Results and Discussion

3.1 Isolation and Screening of Most Potent Bacterial Strain

After serial dilution of the enriched soil sample and transfer of the diluted soil sample
into nutrient agarmedium, 29 isolated colonieswere obtained. Colony characteristics
of the isolated colonies are shown in Table 1.

After screening, it was found that the strain marked as P25 showed maximum
phenol removal capability (~99.44%) (Table 1), so it was selected for further study.

3.2 Morphological, Biochemical, and Phylogenetic
Characterization of the Isolated Bacterial Strain

Morphological characterization of the isolated bacterial strain P25 is shown in
Tables 2 and 3. Gram characteristics and spore characteristics are shown in Figs. 1,
2, and 3. Physicochemical characteristics are shown in Table 4. The phylogenetic
tree is shown in Fig. 4.

Table 1 Screening of the most potent bacterial strain

Sample
strain
number

Colony size Colony
pigmentation

Colony
form

Colony
margin

Colony
elevation

% of
phenol
removal

P1 Moderate White Circular Serrate Flat 83.16

P2 Moderate White Irregular Serrate Flat 82.86

P3 Small White Irregular Serrate Flat 80.75

P4 Large White Circular Entire Flat 80.15

P5 Moderate White Circular Entire Flat 84.36

P6 Small Light yellow Circular Entire Raised 81.35

P7 Small White Circular Serrate Umbonate 80.15

P8 Pinpoint White Circular Serrate Flat 80.45

P9 Small Light yellow Circular Serrate Flat 79.25

P10 Moderate White Circular Serrate Raised 77.44

P11 Moderate White Circular Entire Flat 82.86

(continued)
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Table 1 (continued)

Sample
strain
number

Colony size Colony
pigmentation

Colony
form

Colony
margin

Colony
elevation

% of
phenol
removal

P12 Moderate Light yellow Circular Entire Flat 82.56

P13 Large Yellowish Irregular Entire Flat 84.06

P14 Small Reddish
yellow

Circular Undulate Flat 84.06

P15 Small White Circular Serrate Flat 83.76

P16 Moderate White Irregular Serrate Raised 84.36

P17 Large White Circular Serrate Raised 84.06

P18 Moderate Yellowish Circular Entire Umbonate 84.06

P19 Small Light yellow Circular Entire Raised 83.46

P20 Pinpoint White Irregular Entire Flat 64.51

P21 Small Light yellow Irregular Serrate Raised 80.15

P22 Small White Circular Serrate Flat 83.46

P23 Moderate White Circular Entire Flat 83.16

P24 Large Light yellow Circular Serrate Flat 98.84

P25 Large White Circular Serrate Flat 99.44

P26 Large Light yellow Irregular Serrate Raised 98.83

P27 Large Light yellow Circular Serrate Flat 98.68

P28 Large White Circular Serrate Flat 98.83

P29 Large White Circular Entire Flat 98.48

Bold indicates the corresponding organism removes maximum amount of phenol

Table 2 Colony
characterization of the
isolated bacterial strain

Colony characteristics P25

a. Size 1 mm

b. Opacity Opaque

c. Surface growth Smooth

d. Edge Sharp

e. Consistency Good

f. Pigmentation Nil

Table 3 Growth
characterization on slant

Colony characteristics D25

a. Opacity Opaque

b. Surface growth Smooth

c. Consistency Sharp

d. Color Good

e. Pigmentation Nil



292 D. Maity et al.

Fig. 1 Simple staining

Fig. 2 Gram staining

Fig. 3 Spore staining
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Table 4 Physicochemical characteristics of the isolated bacterial strain P25

Parameters Characteristics of P25

1. Ammonia from arginine +
2. Arginine used as sole source of energy +
3. Nitrate reduction +
4. Catalase reduction −
5. Carbohydrate fermentation Acidity Gas formation

a. Fructose + +
b. Arabinose − +
c. Galactose + +
d. Xylose Not done Not done

e. Glucose + +
f. Lactose + +
g. Raffinose + +
h. Sucrose − +
i. Maltose + +
j. Dextrin + +
k. Salicin + +
l. Mannitol + +
m. Glycerol + +
n. Inositol − +
6. Indole formation +
7. Litmus milk test +
8. Starch hydrolysis test −
9. Urease test Incubation

10. Voges—Proskauer test Incubation

11. Growth under anaerobic condition Not done

12. Growth at different temperatures +
13. Growth at extreme pH and NaCl concentration +

4 Conclusion

The isolated most potent bacterial strain was identified as Brevibacillus formosus
strainNRRLNRS-863,whichwas able to reduce almost 99.44%of phenol. However,
the mechanism of removal of phenol by the isolated strain i.e. whether the strain
degrades it or accumulates it is not known till now. Our further study will reveal it.
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Fig. 4 Phylogenetic tree of the strain P25
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Study on Application of Novel
Synthesized Silver Metallosurfactant
for Membrane Cleaning

Ankita Mazumder, Zinnia Chowdhury, Dwaipayan Sen,
and Chiranjib Bhattacharjee

Abstract Membrane separation technology used for the treatment of emulsified oily
wastewater generating from different industries faces an intrinsic fouling problem
that occurs either due to the adsorption of oil on the surface or pore blocking.
For cleaning oil-clogged membrane, ionic surfactant sodium dodecyl sulfate (SDS)
can be used as a cleaning agent for solubilizing the oil droplets by dispersion.
However, with SDS, satisfactory permeate flux recovery was not achieved. More-
over, owing to the high critical micelle concentration (CMC), a high dosage of SDS
is required, which promotes foaming and thereby negatively affects the cleaning
process. Thus, a novel metallosurfactant where transition metal ions are incorpo-
rated in the surfactant through coordination chemistry is being investigated. Our
work primarily focuses on the development of novel silver-based metallosurfac-
tant by mixing silver nitrate (AgNO3) and SDS as ligand at three different ratios.
Among the three formulated metallosurfactants, the MS3 metallosurfactant showed
the lowest CMC along with superlative surface tension reduction ability. Owing to
the attributes like increased micellization and surface activity at a low concentra-
tion of MS3, satisfactorily high flux recovery of around 98% was found. Thus, this
novel synthesized metallosurfactant can be used as a promising membrane-cleaning
surfactant solution.
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1 Introduction

For the last three decades, membrane separation technology has gained popularity
as an advanced separation method and is presently considered to be one of the expe-
dient separation processes in the field of wastewater treatment. A wide range of
industries including chemical, pharmaceutical, biotechnological, automobile, dairy
industries, etc. have adopted this technology as their wastewater treatment method.
Major benefits ofmembrane technology over other conventional separation technolo-
gies include selective separation, recovery of valuable by-products, nonrequirement
of additional chemical dosage, reduction in the number of unit operations, easy
operability, and low space requirement (Putatunda et al. 2019). However, the major
hurdle associated with any membrane process is membrane fouling. In the case of
fouling, permeate flux declines due to gradual pore blockage and cake layer forma-
tion during operation under constant transmembrane pressure (TMP). Reversible
membrane fouling and irreversible membrane fouling are the twomajor categories of
fouling. Reversiblemembrane fouling occurs due to the evolution of the cake layer on
themembrane surface and can be removed by backwashing. In the case of irreversible
one, membrane pore blockage occurs and is challenging to remove (Guo et al. 2012).
Frequent membrane replacement being an expensive process, appropriate membrane
cleaning strategy is utmost required. To eradicate irreversible membrane fouling,
different chemical cleaning agents are utilized, which include acids, alkalis, surfac-
tants, oxidants, enzymes, and chelating components. Moreover, the development of
biofilms on the membrane surface owing to the presence of a high load of organic
components is an unwanted common phenomenon and is commonly controlled to
some extent by the addition of disinfectants (Shi et al. 2014). But complete removal
and mitigation of biofouling need special cleaning solutions having antimicrobial
activities. Thus, the optimization of membrane cleaning through the use of low-cost
and effective chemical cleaning agents is a strenuous assignment. In this context,
the present study concentrates on the development of a new cost-effective cleaning
agent (metallosurfactant) having the ability to remove sticky oil foulants from the
membrane during the membrane separation of oily wastewater.

2 Overview on Metallosurfactant

Metallosurfactant has grasped the enormous attention ofworldwide research commu-
nities by their exclusive surface activity. It represents an advanced class of surfactant
where a central metal is induced in the polar head group of the conventional surfac-
tant molecule as an intrinsic structural part. The embodiment of d-or-f block metal
ions into the polar head of the surfactant system by coordination bond formsmetallo-
surfactant, which enriches different properties of ordinary surfactants by increasing
the surface-active efficiency (Kumaraguru and Santhakumar 2009). The coordina-
tion bond is formed by the transition metals with ligands by accepting electron pairs.
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Metallosurfactant can be synthesized by three types of reactions namely metathesis
reaction, ligand substitution, and ligand insertion reaction. In themetathesis reaction,
ion exchange occurs between cations and anions in the presence of a polar solvent.
Substitution of a less-labile ligand in place of more labile ligand occurs for ligand
substitution reaction, whereas the insertion of ligand without elimination takes place
in case of ligand insertion reaction. The primary mode of action of any surfactant
relies on the adsorptionof itsmolecules at the boundaryof a hydrophilic–hydrophobic
medium, which thereby reduces the interfacial surface tension and shows its effective
surface activity. On metal coordination, the molecular geometry of surfactant (ratio
of head group area to tail volume) and electrostatic charge distribution gets modi-
fied. Bridging of a central metal counterion with multiple surfactant head groups can
either promote attraction between the polar head groups and thereby bring them
closer, or push the head groups far apart through repulsive force, based on the
chemical structure of the metallosurfactant. Thus, the propensity of self-aggregation
and micellization is affected along with the substantial deviation in the aggregate
morphology. Metal incorporation helps to tune the characteristics of amphiphilic
surfactant through inducing new properties to the system as of the attributes (such
as acidic, basic, magnetic, and redox) of the attached metal (Brom et al. 2010). The
self-aggregation activity of a metallosurfactant can be controlled by tuning the type
of metal ion fused with a surfactant molecule. Other properties such as antibacte-
rial, antimicrobial, catalytical, and magnetic properties can also be induced into the
surfactant system by the selection of an appropriate central metal. Therefore, the
property of the metallosurfactant is mostly characterized by the nature of the metal
incorporated in the surfactant molecule.

3 Recent Trends on Applications of Metallosurfactant

Conventional surfactants are mostly inadequate in the case of chemical reactivity.
Their properties are largely dependent on the hydrophobic/hydrophilic balance of the
nonpolar and polar moieties of its molecular structure. The introduction of transition
metal ions into amphiphilic structures is attracting significant attention as the variable
charge, catalytic activity, and magnetic properties of metal deliver a way of concen-
trating these potential features at interfaces (Kaur et al. 2016). Though such metal-
losurfactants are comparatively rare than conventional surfactants, these compounds
have recently found their application in diverse prospects such as homogeneous
catalysis, interfacial photophysics, magnetic resonance imaging, thin-film optoelec-
tronics, templating of mesoporous materials, drug delivery, antimicrobial activities,
and anticancerous treatment (Griffiths et al. 2006). However, metallosurfactant has
not been much explored as a cleaning agent.
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4 Materials

All chemicals were purchased from Merck (Mumbai, India). Deionized water (DI)
was collected from the hybrid Arium RO unit and the Arium 611 DI ultrapure water
system (Made: Sartorius). Themembrane operations were carried out by polysulfone
(PSf) membrane procured from Sterlitech Corporation, USA.

5 Methods

SDS was blended with 175 mg of silver nitrate (AgNO3) at the (w/w) ratio of 4:1,
3:1, and 2:1 in 100 mL of distilled water at room temperature and the mixtures were
designated as MS1, MS2, and MS3, respectively. These mixtures were then stirred
for 1 h at 550 rpm at 80 °C. After cooling it to room temperature, critical micelle
concentration (CMC)of each formulatedmixturewas determinedby conventional the
conductivity method (Domínguez et al. 1997). The surface tension of these solutions
was also evaluated by the stalagmometric method at 25 °C (Donald and Bulloch
1915).

Primarily PSf membrane was fouled with emulsified oily wastewater till the
permeate flux drops to 10% of the original flux value of the new membrane. The
fouled membrane was then dipped in each of the formulated mixtures and was rested
for stirring up to 1 h at room temperature. After the accomplishment of the cleaning
operation, the permeate flux value was reevaluated at constant transmembrane pres-
sure of 3 kgf. Foulant removal performance was analyzed by calculating the flux
recovery ratio as shown in Eq. 1 (Zhang et al. 2015).

FR = JC − JF
JI − JF

× 100 (1)

where JC, JF , and J I are the permeate flux of cleaned membrane, fouled membrane,
and new membrane, respectively.

6 Results and Discussion

By the conductivity method, the CMC values of formulated MS1, MS2, and MS3
were found to be 1580 mg/L, 1345 mg/L, and 525 mg/L, respectively, as represented
in Fig. 1. It can be observed that the CMC of MS3 was found to be 66.77% and
60.97% lower than MS1 and MS2, respectively. Moreover, in comparison with the
traditional surfactant SDS, the micellization tendency of MS3 metallocomplex was
markedly intense owing to the 4.38 times less CMC than of SDS. The decrease in
CMC value in the case of MS3 metallosurfactant is possibly due to increment in
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Fig. 1 Critical micellization concentration (CMC) ( ’) and surface tension (�) of studied cleaning
agents; (represents the surface tension of DI water)

the presence of metallic counterions around the polar head group of the surfactant.
This consecutively increases attractive interaction between polar head groups of
the surfactant molecules favoring the micellization phenomenon and thus lowering
CMC (Wagay et al. 2016). Moreover, surface tension values ofMS1,MS2,MS3, and
SDS solutions at CMC concentration were evaluated as 38.4 mN/m, 33.18 mN/m,
29.3 mN/m, and 42 mN/m, respectively. This result clearly indicates that the ability
to reduce interfacial surface tensionwith respect to the control (DIwater) was highest
for MS3 compared with other studied cleaning agents.

Cleaning of the fouled membrane with all the surfactant solutions showed a
recovery in the permeate flux values. Flux recovery ratio was found maximum for
solution MS3 followed by MS2 and MS1. Around 98% of permeate flux recovery
was achieved with MS3 metallosurfactant. With the increase in the availability of
metal ions surrounding the hydrophilic polar head of the surfactant, both micelliza-
tion and interfacial surface tension reduction at the interfaces are promoted. This
eventually helps in the removal of sticky oil molecules from the membrane surface.
Therefore, the formulated metallosurfactant can be a novel and promising cleaning
agent for effective membrane cleaning (Fig. 2).
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Fig. 2 Cleaning efficiency of the cleaning agents in terms of flux recovery ratio (FRR) %

7 Conclusion

The complexation of silver metal with the conventional surfactant at different weight
ratios has resulted in superior cleaning performance. Enhanced binding of metal
counterions with the polar head groups in MS3 metallocomplex has resulted in 77%
reduction in CMC compared with SDS. Also, the surface activity of the MS3 metal-
losurfactant is 30% higher than SDS because of its capacity to reduce the interfacial
surface tension markedly at the membrane and oil interface. On cleaning the fouled
membrane with MS3, 98% flux recovery was achieved owing to its increased micel-
lization and surface activity. Thus, MS3 can be considered as a promising cleaning
agent showing satisfactorily better cleaning efficiency in cleaning the heavily fouled
membrane.
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Effect of Calcium Salts on Salinity Stress
on Morphology and Biochemical
Estimation of Rice Seedlings

Banhishikha Singh and Soma Banerjee

Abstract Soil salinity is one of the major abiotic stresses affecting plant growth
and productivity globally as well in the Sunderban area of West Bengal. The study
comprises comparison of the effect of the combined action of sodium chloride
(NaCl) and three types of calcium salts calcium chloride (CaCl2), calcium sulphate
(CaSO4) and calcium carbonate (CaCO3) on three rice varieties (‘Chinsurah Nona-
2’, ‘Dudherswar’ and ‘Pratiksha’) both morphological and biochemical estimations,
i.e. shoot growth, chlorophyll, proline, starch and reducing sugar content and antiox-
idants expressions. The results show maximum recovery of shoot growth in 15 mM-
CaSO4 with 200 mM NaCl treatment set with respect to seedlings stressed with
only 200 mM NaCl, i.e. 32% in variety ‘Chinsurah Nona-2’ and 10.5% in variety
‘Pratiksha’, whereas ‘Dudherswar’ variety shows 1.2 times recovery in 10 mM-
CaCO3 set. In case of chlorophyll content in the following sets, 5 mMCaCl2, 15 mM
CaSO4 and 10 mM CaCO3 are showing best recovery. Similarly, for proline, starch
and reducing sugar content, 10 mMCaSO4 and 15 mMCaCO3 sets show best results
against 200 mM NaCl. For antioxidant expression in ‘Chinsurah Nona-2’ variety,
the catalase activity increased 4.7 times in 5 mM CaCO3 set followed by three times
increase in ascorbate peroxidase activity in 10 mM CaCO3, and for lipid peroxida-
tion, 79% decrease observed in 10 mM CaCl2. In ‘Pratiksha’ variety, 28% increase
in catalase activity in 5 mM CaCO3 set and 86% decrease in ascorbate peroxidase
activity in 15 mMCaSO4, 1.4 times increase in glutathione reductase activity, 5 mM
CaCO3 and lipid peroxidation activity showed 59% decrease in 10 mM CaSO4.
‘Dudherswar’ variety showed marked response in all the antioxidant estimations
in comparison with the other varieties, 5.5 times increase in superoxide dismutase
activity in 15 mM CaCl2 set, 11 times increase in catalase activity in 5 mM CaSO4,
89% increase in ascorbate peroxidase activity in 5mMCaCO3 the glutathione reduc-
tase activity highest increased (103%) in 10 mM CaCl2 and 65% decrease in lipid
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peroxidation activity in 10 Mm CaSO4. The study reveals that CaCO3 followed by
CaSO4 is better than CaCl2 to combat NaCl stress.

Keywords Rice · Sodium chloride · Calcium ion · Reducing sugar · Starch ·
Chlorophyll · Proline · Antioxidants

1 Introduction

Rice is considered as a major food crop across worldwide and India is one of the
largest producers of that. Rice plant (Oryza sativaL.) is a salt-sensitive crop forwhich
soil salinity is a major factor limiting yield throughout the coastal areas of Africa and
South Asia and Southeastern Asia (Flowers and Yeo 1981). In India, the Sunderban
area of West Bengal falls under this. However, rice genotypes show wide variations
in salt tolerance (Sahi et al. 2006). Rising sea levels, salt accumulation, erosion and
human activities lead to increase the salinity in the rice fields rapidly (Maclean et al.
2002). Salinity effects on rice both inmorphological and physiological ways (Khatun
and Flowers 1995). Reactive oxygen species (ROS) are produced by the plant during
photosynthesis and respiration. Stress situations lead to the formation of ROS in
higher amount, causing cell death (Gupta and Huang 2014).

The important antioxidant enzymatic components of the defence mechanism
are superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) and
glutathione reductase (Ahmad 2014). It has been observed that there are several
signalling molecules such as abscisic acid, salicylic acid, brassinosteroids and
calcium (Ca) that can mitigate the adverse effects of salinity through activating the
defence mechanisms (Cha-um et al. 2015; Gupta and Huang 2014; Popova et al.
1995; Fragnire et al 2011; Clause and Sasse 1998).

Ca has been reported to restrict the entry of Na+ into the plant cells (Kader
and Lindberg 2008; Hussain et al. 2010) and improve the soil physical conditions
(Qadir et al. 2001). This study comprises comparison of the effect of the combined
action of sodium chloride (NaCl) and three types of calcium salts, calcium chloride
(CaCl2), calcium sulphate (CaSO4) and calcium carbonate (CaCO3), on three rice
varieties (‘Chinsurah Nona-2’, ‘Dudherswar’ and ‘Pratiksha’) both morphological
and biochemical estimations.

2 Materials

Three varieties of rice seeds, ‘Chinsurah Nona-2’ (CN2), ‘Dudherswar’ (DDH)
and ‘Pratiksha’(PAT), locally cultivable at salted soils of Gosaba (Sunderban) were
collected from Gosaba Rice Research Centre, Gosaba, South 24-Parganas, West
Bengal.
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3 Methodology

3.1 Experiment Designing and General Morphological

Seeds were grown with Hoagland media (Hoagland and Arnon 1950). The 15-day-
old seedlings were treated with 200 mM of NaCl solutions with the three different
calcium salts CaCl2, CaSO4 and CaCO3 in 5 mM, 10 mM and 15 mM concentration,
respectively. Rice seedlings from each concentration were randomly selected after
7 days for themeasurements of shoot length, biochemical estimations and estimations
of antioxidant activities.

3.2 Estimations of Chlorophyll Content

Chlorophyll content was measured by using the method of Arnon (1949) at 645 nm
and 663 nm and calculated using the following equation: Chlorophyll a: 12.7(A663)–
2.69(A645) and Chlorophyll b: 22.9(A645)–4.68(A663).

3.3 Estimations of Proline Content

Proline content was analysed by acid ninhydrin according to the modified procedure
of Bates et al. (1973). Reacted compound was extracted by toluene and measured at
520 nm.

3.4 Estimations of Carbohydrates

Reducing sugars were extracted with hot 80% ethanol and then estimated by using
dinitrosalicylic acid reagent calorimetrically at 540 nm wavelength and starch was
extracted with perchloric acid and then estimated with ‘Anthrone reagent’ (Miller
1972).

3.5 Estimations of Lipid Peroxidation Rate

The level of lipid peroxidation is expressed as µg/g malondialdehyde content
extracted with thiobarbituric acid–trichloroacetic acid (Agarwal 2007).
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3.6 Antioxidant Activity Estimations

For the CAT assay, the enzyme activity was expressed in mmol of hydrogen peroxide
consumed per minute (Clare et al. 1984).

The APX activity, one unit of the APX was measured as 1 µM of ascorbate
oxidized per minute (Nakano and Asada 1981).

In the glutathione reductase activity, the one unit of GR activity is defined equals
to oxidation of 1 µmol of NADPH (Schaedle and Bassham 1977).

4 Results and Discussion

4.1 Chlorophyll Content and Shoot Growth

The Chlorophyll a content was reduced by 82%, 75% and 80% and Chlorophyll b
content was reduced by 81%, 84% and 83% in CN2, PAT and DDH variety, respec-
tively, in the salt stress set (200 mMNaCl concentration.) (Fig. 1). The best recovery
of Chlorophyll a was found in the following treatment sets i.e. 5 mM CaCl2 (1.1
times), 5 mM CaSO4 (48%) and 15 mM CaCl2 (2.1 times) in CN2, PAT and DDH
variety respectively with respect to the. On the other hand, best recovery of Chloro-
phyll b was found in the following treatment set of 15 mMCaCO3 (1.1 times), 5 mM
CaSO4 (1.1 times) and 15 mM CaCl2 (2.4 times) in CN2, PAT and DDH variety,
respectively, with respect to stress control set. Similar results have found by Lutts
et al. (1996) and Tahjib et al. (2018), where CaCl2 treatments at 5 mM significantly
increased Chl-a, Chl-b and Chl-(a+ b) contents under salt stress conditions in early
vegetative stages of rice seedlings. Gaballah et al. (2007) showed that CaCO3 helped
to increase chlorophyll content in sesame plants.
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Fig. 1 Chlorophyll a and Chlorophyll b contents
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Fig. 2 Comparative Shoot
growth
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In seedlings, shoot growth was decreased 55%, 49% and 55% in CN2, PAT and
DDH variety, respectively, in 200 mM NaCl with respect to control (Fig. 2). The
results show that the maximum recovery of shoot growth was found in 15 mM
CaSO4 treatment set and 32% in CN2 variety, with respect to the seedlings stressed
only with 200 mM NaCl; whereas, the shoot growth of DDH variety was markedly
restored in 10 mM CaCO3 set (1.2 times). This result matches the findings of Lutts
et al. (1996) and Tahjib et al. (2018), where salinity decreased growth of rice leaves
and they have also found that shoot length can increase through supplementation
with CaCl2 to the salt-treated seedlings. Ornami and Hammes (2006) have found
that CaSO4 showed stronger ameliorative effect than CaCl2 during the growth rate
study of salt-stressed amaranth. Although Bassett (1980) has found that CaCO3 has
an ameliorative effect on salt-stressed Bromus mollis (Fig. 3).

4.2 Proline Content

Proline accumulation (Fig. 4) was markedly increased in CN2 (10 times), PAT (3.1
times) and DDH (4.6 times) variety in 200 mM NaCl set. The highest reduction in
proline accumulation was found in the treatment set of 10mMCaSO4 (81%), 15mM
CaCO3 (73%) and 5 mMCaCO3 (98%) in CN2, PAT and DDH variety, respectively,
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Fig. 4 Starch content
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with respect to the salt-treated seedlings. Rahman et al. (2016) observed in their work
on CaCl2 application reduction of proline content in comparison with the seedlings
treated with NaCl alone.

4.3 Carbohydrate Content

The reducing sugar accumulationwas increased 31%, 1.9 times and 1.2 times inCN2,
PAT and DDH variety, respectively, in stressed set seedlings. The considerably best
decrease in reducing sugar accumulation was found in the treatment set of 15 mM
CaSO4 (36%), 5 mM CaCO3 (75%) and 5 mM CaCl2 (88%) in CN2, PAT and DDH
variety, respectively, with respect to the 200 mM NaCl-treated seedlings (Fig. 3).
Similar result was found by Hakim et al. (2014) in the rice varieties of MR52 and
Pokkali.

On the contrary, starch content was decreased 16.6 times, 1.9 times and 56%
in CN2, PAT and DDH variety, respectively, in stressed set (Fig. 5). However, the

Fig. 5 Proline content
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Fig. 6 Lipid peroxidation
activity
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starch accumulation was significantly restored in the treatment set of 10 mM CaCl2
(5.1 times), 5 mM CaCl2 (6.3 times) and 10 mM CaSO4 (61%) in CN2, PAT and
DDH variety, respectively, with respect to stressed set. The findings of Amirjani
(2011) also revealed that starch concentration decreased in rice seedlings under salt
stress. Dubey and Singh (1999) showed that accumulation of sugars along with
other compatible solutes contributes to an osmotic adjustment under salt stress and
probably this high storage helps in basal metabolism under stress (Hurry et al. 1995).
According to Krapp and Stitt (1995), in their work, they showed starch may not play
any important role in salt tolerance but metabolic alteration may cause reduction in
starch content under salt stress.

4.4 Rate of Lipid Peroxidation

In case of lipid peroxidation, malondialdehyde content was higher 9.6 times, 76%
and 2.7 times in CN2, PAT and DDH variety, respectively, in the stress set. The
highest reduction in lipid peroxidation activity has found through the treatment of
10 mM CaCl2 (79%), 15 mM CaSO4 (59%) and 15 mM CaSO4 (66%) in CN2, PAT
and DDH variety, respectively, with respect to the stressed set (Fig. 6). Rahman et al.
(2016) have also found that exogenous application of CaCl2 reduced the membrane
damage, indicated a noticeable reduction of malondialdehyde content in the CaCl2
treatment sets in comparison with the salt-treated rice seedlings.

4.5 Antioxidant Enzyme Activity

CAT activity is deceased in all three rice varieties under salt stress, viz., 37%, 49%
and 82% in CN2, PAT and DDH variety, respectively, in 200 mM NaCl stressed
control set. The significant increase in CAT activity was found with the treatment
of 5 mM CaCl2 (4.6 times), 10 mM CaSO4 (4.1 times) and 10 mM CaSO4 (15.8
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Fig. 7 Catalase activity
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times) in CN2, PAT and DDH variety, respectively (Fig. 7). Similar result was found
in the work of Lee et al. (2001) where catalase activity is significantly decreased in
salt stress. Tahjib et al. (2018) showed that on application of CaCl2, increased CAT
activity in salt-stressed rice plants.

Unlike CAT activity, the APX activity was increased in all three rice varieties
under salt stress, viz., 34%, 6.8 times and 3.6 times in CN2, PAT and DDH variety,
respectively. Shim et al. (2003)were also found that salt stress has significant effect in
enhancing the APX activity as compared with controls. The highest decrease in APX
activity was found in ‘the treatment of 5 mMCaCO3 (67%), 5 mMCaSO4 (97%) and
15 mM CaCO3 (82%) in CN2, PAT and DDH variety, respectively, with respect to
stressed set (Fig. 8). Similar results have found by Tahjib et al. (2018), where CaCl2
treatments significantly increased CAT activity, whereas decreased APX activities
compared with the salt-stressed plants. Rahman et al. (2016) showed the application
of CaCl2-reduced APX activity in the CaCl2 treatment sets in comparison with the
salt-treated rice seedlings.

For glutathione reductase, activity was increased 3.6 times, 14% and 26.3% in
CN2, PAT and DDH variety, respectively, in 200 mM NaCl with respect to control.
The highest decrease in glutathione reductase activity was found through the treat-
ment of 15 mM CaSO4 (72%), 15 mM CaCO3 set (6%) and 15 mM CaCl2 (42%) in

Fig. 8 Ascorbate peroxidase
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Fig. 9 Glutathione
reductase activity
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CN2, PAT and DDH variety, respectively, with respect to the 200 mM NaCl-treated
seedlings (Fig. 9). Mishra et al. (1995) have also found that glutathione reductase
was induced by salt stress. Similar result was found by Rahman et al. (2016), where
application of CaCl2-reduced glutathione peroxidase activity in the Ca treatment sets
in comparison with the salt-treated rice seedlings.

Results of experiments of CN2, PAT andDDH.Different combinations ofNaCl
and Ca salts are marked as (C0—neither NaCl nor Ca salts added, C200—only
200 mM of NaCl is applied, T1—5 mM of CaCl2, T2—10 mM of CaCl2,
T3—15 mM of CaCl2, T4—5 mM of CaSO4, 10 mM of CaSO4, 15 mM of
CaSO4, 5 mM of CaCO3, 10 mM of CaCO3 and 15 mM of CaCO3) (standard
deviations are shown as bars).

5 Conclusion

The results showed that rice varieties Dudherswar (DDH) and Pratiksha (PAT) are
very susceptible to NaCl than a salt-tolerant variety of Chinsurah Nona-2 (CN2).
This study showed that exogenous Ca can alter the salt stress in rice seedlings and
also reveals that application of CaCO3 and CaSO4 is better than CaCl2 to combat
salinity for the cultivation of rice.
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Synthesis and Characterization of TiO2
Nanoparticle and Checking Its
Antimicrobial Activity Against
Escherichia coli and Staphylococcus
aureus

Ram Singh Purty, Ishant Shakya, and Sayan Chatterjee

Abstract The aim of the experiment was to produce the conjugated nanoparticles
and optimize its production that can be replicated at industrial level. The primarily
used chemical from which TiO2 nanoparticle was made is titanium isopropoxide
(C12H28O4Ti). The primary dopant used was urea CO(NH2)2. Ammonium chloride
NH4Cl was used as a secondary nitrogen dopant. Different molar ratios of these
dopants were usedwhile synthesizing the nanoparticle. The nanoparticle synthesized
was characterized by the help of UV–vis spectrophotometer and DLS (dynamic light
scattering). The synthesizedNPwas able to degrade the bromothymol blue dye under
the action of UV received by the direct sunlight proving its photocatalytic property.
The nanoparticles were tested for its antimicrobial property on the gram-negative
bacteria Escherichia coli and gram-positive bacteria Staphylococcus aureus. Broth
dilution method was used to study the antimicrobial effect. The results were further
confirmed with the help of agar diffusion assay. The synthesized nanoparticle was
able to inhibit the growth of the bacteria in both the assays successfully.

Keywords TiO2 nanoparticle · Antimicrobial activity · Escherichia coli ·
Staphylococcus aureus · Synthesis of nanoparticle · Characterisation

1 Introduction

Nanotechnology is the technology that is aimed at synthesizing and getting new prod-
ucts that have some novel functionality. This in particular is the new branch of study
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that has got a vast range of applications from industrial processes to biomedical and
production of energy. In our current work, we were interested in the biological appli-
cations of nanoparticles particularly in removing the bacterial strains from different
places under different conditions (Drexler 2007).

There are various studies related to TiO2 NP that shows the effect of these nanopar-
ticles on various strains of bacteria and its dye-degrading effect under the influence
of direct sunlight and UV light. The bandgap of TiO2 nanoparticle was found to be
around 3.2 ev, which is not suitable for the solar application and for the dye degrada-
tion process. To overcome this problem, we used ammonia and ammonium chloride
as dopants to make conjugated nanoparticle and lower the bandgap between the
valence and conduction bands. Lower the bandgap, less will be the energy required
for the electron to jump from the conduction band to valence band (Lusvardi et al.
2017).

The main aim of the experiment is to synthesize and improve the quality of TiO2

nanoparticle in an economic way in the lab condition. The base materials used for
the synthesis of TiO2 nanoparticle were titanium dipropoxide and titanium chloride.

There are various types of nanoparticle oxides such as iron oxide, zinc oxide,
oxides of gold and silver, titanium oxide. Out of these, TiO2 nanoparticles are most
widely used. The various functions of TiO2 are being known such as degradation
of various dyes in aqueous solution and its special property of reducing inorganic
ions. TiO2 nanoparticles have got a special property of photocatalysis and are the
most used photocatalyst oxide (Gupta and Tripathi 2011). TiO2 nanoparticles have
large surface area and exhibit antimicrobial properties and having certain amount
of thermal and chemical stabilities. It also shows low toxicity and has antimicrobial
properties.

2 Materials and Methods

2.1 Synthesis

Based on the previous research paper, we have tested and reproduced some of the
protocols in our laboratory. In order to produce TiO2 nanoparticles, available proto-
cols were optimized and improved keeping in mind the requirement of the markets.
Reagents used were titanium isopropoxide 99.8%, urea 99%, and ammonium chlo-
ride 99.5%. Around 0.4 g of urea was added to 80 ml of double-distilled water in a
beaker and mixed well for 5 min. To this, 1.8 g of ammonium chloride and 20 ml of
titanium isopropoxide were added dropwise and stirred for 30 min. The suspension
was incubated in the water bath set at 90 °C for 1 h. The separated product was dried
at 80 °C for 12 h using hot air blower incubator. All samples were tested at room
temperature.
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2.2 Characterization

Before drying the solution, the supernatant was collected that contained suspended
nanoparticles. The collected supernatant was centrifuged at 10,000 rpm for 10 min,
around 200 µl of this was added to 1800 µl of double-distilled water. The diluted
solutionwas further analyzed usingDLS (dynamic light scattering) for the estimation
of average nanoparticle size. The same solution sample was used in the UV–vis
spectrophotometer for absorption studies.

2.3 Dye Degradation

For dye degradation test, around 1 ml of bromothymol blue (BPB) dye was diluted
with 50 ml of double-distilled water and aliquoted to three 1.5-ml microcentrifuge
tubes each containing 2 ml of diluted dye solution. To this dye solution, 20 mg of
nanopowder was added to two tubes, whereas the third was mentioned as control
without nanopowder. Out of three tubes, two were exposed to sunlight (one having
nanopowder and one without) and the third was put in the dark having nanopowder.
In another set of experiments, different concentrations of nanopowder, i.e., 20 mg,
40 mg, 60 mg, were added to three tubes each containing 2 ml of diluted dye solution
to check the effect of concentration of nanopowder on the degradation of dye.

2.4 Antimicrobial Test

2.4.1 Antimicrobial Effect of TiO2

The antimicrobial effect of TiO2 was analyzed using Escherichia coli and Staphylo-
coccus aureus. Overnight-grown culture of E. coli and S. aureuswas added to 100ml
of LB nutrient broths without and with various concentrations of TiO2 nanoparti-
cles, i.e., 0 µg/ml, 10 µg/ml, 20/ml, 40 µg/ml, 60 µg/ml, 80 µg/ml, 100 µg/ml and
incubated at 37 °C. The optical density was taken after the time interval of 25 min
at 600 nm and a graph was plotted.

2.4.2 Antimicrobial Efficiency of TiO2 Nanoparticle by Agar Diffusion
Assay

On LB agar plate, 100 µl of bacterial culture was spread plated and five round disks
were placed. To each disk, 10 µl of different concentrations of TiO2 nanoparticles,
i.e., 0%, 1%, 1.5%, 2%, and 2.5% was added. The zone of inhibition was measured
after 24 h of incubation of plates at 37 °C.
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Fig. 1 Synthesized white titanium oxide nanopowder

3 Results and Discussion

3.1 Synthesis

After 12 h of incubation under 80 °C, there was the formation of white-colored
nanopowder that was further grinded and stored in 4 °C away from any source of
light or further usage and testing (Fig. 1).

3.2 Characterization

3.2.1 UV–Vis Spectrophotometry

Here the two reddots depict the formationof twopeaks according to the table. The two
broadening peaks were formed confirming the formation of the TiO2 nanoparticle.
The absorption spectra formed were founded to be similar to that of TiO2 as reported
in the literature (Kavitha et al. 2013).
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Fig. 2 Absorbance versus wavelength graph of TiO2 conjugate nanopowder

3.2.2 Dynamic Light Scattering

Dynamic light scattering (DLS) is a technique in physics that can be used to determine
the size distribution profile of small particles in suspension. In Fig. 3, the size of the
nanoparticle was more than the expected. The peak was formed at 279.2 d. nm
depicting the diameter of the synthesized TiO2. The PDI value was found to be
around 0.4511. In Fig. 4, the size of the particle increased to 372 d.nm, which was
no longer a nanoparticle (Figs. 2 and 5).

3.3 Dye Degradation

Dye in all the three samples was degraded in almost equal time showing that there
were no significant changes by altering the concentration of TiO2 nanopowder. No
color change was observed in the control as it had no nanopowder. The color of

Fig. 3 DLS result for supernatant nanoparticle
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Fig. 4 DLS result for suspended nanopowder

Fig. 5 Degradation of dye

the two other tubes changed to pale yellow just after adding nanopowder to it. The
second tube was kept in the dark and no color change was observed. The color
change was observed in the third tube where color of the dye changed from pale
yellow to colorless, showing that the process of dye degradation was successful by
photocatalysis under the effect of direct sunlight. This was in accordance with the
popular reports on this test for nanoparticles (Konstantinou and Albanis 2004).

3.4 Antimicrobial Test

3.4.1 Antimicrobial Effect of TiO2 in Liquid Media

The continuous decrease in absorbancewas noticed showing the decrease in bacterial
colony with all the concentrations used. There was continuous growth of bacterial
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colony in the control, where no nanopowder was added. From this, it was concluded
that the addition of TiO2 nanopowder was able to control the growth of E. coli and
S. aureus.

3.4.2 Antimicrobial Efficiency of TiO2 Nanoparticles by Agar Diffusion
Assay

There was the formation of the inhibition zone around the disks present on the outer
side. The size of inhibition did vary according to the concentration used but cannot
clearly be depicted. No such zone was formed around the central disk, where only
distilled water without any nanopowder was poured. Zone of inhibition meant that
there was no growth of bacteria in that particular zone. There was the formation
of inhibition zone around the disks present on the outer side. This was reported in
similar work by other researchers (Damodar et al. 2009). The size of inhibition did
vary according to the concentration used but cannot clearly be depicted. No such
zone was formed around the central disk, where only distilled water without any
nanopowder was poured (Figs. 6).

Among various types of nanoparticles, titanium dioxide was used because it can
be economically produced as comparedwith the other nanoparticlematerial. Primary
aim was to synthesize the TiO2 nanoparticle and use in the biological/biotechnology
field. The nanoparticles acting at nanolevel have the ability to alter the biological

Fig. 6 Zone of inhibition for E. coli
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function of an organism. A carefully and efficiently synthesized nanoparticle size
varies from around 20–150 nm. The size of the synthesized nanoparticle was found
to be around 279.2 nm that is bit large as comparedwith the expected size but still was
in nanometer range and can perform all the characteristic nanoparticle properties.
Dye degradation test was such an example, where the activity of the nanoparticles
degraded the dye although the time of degradation was more as compared with the
time mentioned in other manuscripts (Nasikhudin et al. 2018). Also the synthesized
nanoparticleswere able to stop the growth of the bacterial colonies by interferingwith
the survival mechanism of bacterium and ultimately causing their death. Further, it
could be said that nanoparticles in future could possibly replace the chemicalmethods
to kill different microbes, specially the microbes related to cash crops and food
industry. Antimicrobial clothes can also be reproduced by the process of nanocoating.

We were able to synthesize the TiO2 nanoparticle, though not of desired size,
but it had all the properties of a nanoparticle. The qualitative dye degradation was
successfully performed as it was able to degrade the dye which is seen in Fig. 7. The
result of UV–vis spectrophotometer was found to be good from which we concluded
that it is of nanosize. DLS reading confirmed the same by giving the exact size of
the nanoparticle that found to be around 342 nm. The decreasing number of bacterial
colonies helps to conclude that the nanoparticles were able to kill or slow down the
growth rate of bacteria. This result was further proven by diffusion assay in which
there was the formation of zone of inhibition where bacterial colonies were unable
to grow.

Acknowledgements RSP, IS and SC would like to thank GGS Indraprastha University, New Delhi
for all the laboratory space and financial support provided.

Fig. 7 Zone of inhibition for S. aureus
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Taguchi-Based Process Optimization
for Improving Iron Removal from Water
Using Electrocoagulation Technique

Krishti Biswas and Mehabub Rahaman

Abstract The objective of this study is to remove iron from the aqueous solution
by electrocoagulation (EC) process due to its simple setup and cost-effectiveness.
Aluminum was chosen as the suitable material for the electrodes. In this study,
the effect of different process parameters (viz. the initial concentrations of iron,
the current intensity, the conductivity of the aqueous solution, the inter-electrode
distance, and the initial pH of solution) was studied. Taguchi experimental design
with an L16 orthogonal array was utilized to determine the optimal conditions for
iron removal. The experiments were conducted at four different levels with the five
process parameters. The ranges of the experimental parameters were chosen as an
initial iron concentration: 15–30 ppm, current intensity: 0.50–1.25 A, inter-electrode
distance: 8–14 mm, conductivity: 345–375 µS, and initial pH: 5–8. The processing
time of the studywas kept constant for all the experiments. The percentage of removal
of ironwas taken as the response for Taguchi analysis. The optimized conditionswere
found to be 15 ppm of initial concentration, 1.25 A of current intensity, and 8 mm
of inter-electrode distance with insensitive to the range of values carried out for
conductivity and initial pH of the solution. The decreasing order of sensitivity of the
process parameters was found to be as initial concentration, inter-electrode distance,
current intensity, pH of the solution, and conductivity.

Keywords Iron removal · Electrocoagulation · Optimization · Taguchi method

1 Introduction

Water is an essential natural resource for sustaining life and environment that we have
always thought to be available in abundance and free gift of nature. Over the past few
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decades, the ever-growing population, urbanization, industrialization, and unskilled
utilization of water resources have led to degradation of water quality and reduction
in per capita availability in various developing countries. Iron is one of the most
common elements in nature as it represents about 5% of the earth’s crust (Hashim
et al. 2017), and it can be found in freshwaters at a concentration of 0.5–50 mg/L.
In addition to the natural occurrence of iron, many industries, such as mining and
steel industries, contribute to the occurrence of iron in the water. However, iron
represents an essential element for human health, where the daily intake of iron is
recommended to be between 10 and 50 mg depending on the person’s gender, age,
physiological status, and the bioavailability of iron. Based on these considerations,
the World Health Organization (WHO) limits their own concentration in drinking
water to 0.3 mg/L (Vasudevas et al. 2009). Electrocoagulation has been suggested
as an alternative to chemical coagulation in the treatment of waters and wastewaters
(Balasubramanian et al. 2009; Chaturvedi and Dave 2012). In this technology, metal
cations are released into the water by dissolving metal electrodes. Electrochemistry,
coagulation, and flotation are identified as the key elements in the electrocoagulation
process (Kobya et al. 2003; Al-Qodah et al. 2017).

The electrocoagulation (EC) has been considered as a suitable process to remove
iron in drinking water treatment because it lowers the amount of sludge and also
provides some significant advantages such as quite compact and easy operation, no
chemical additives needed, and high flow rates (Fu and Wang 2011). In this study,
Taguchi method was implemented to investigate the effect of different parameters
(viz. initial concentrations of heavy metal, current intensity, conductivity of solu-
tion, inter-electrode distance, and initial pH of solution) affecting EC process in the
removal of iron from wastewater. The experiments were conducted at four different
levels with five process parameters.

2 Materials and Methods

2.1 Materials

All the reagents used were analytical grade and were used without further modifi-
cation. Iron sulfate heptahydrate (FeSO4, 7H2O) was procured from Merck, India.
Sodium hydroxide (NaOH), sodium chloride (NaCl), and sulfuric acid (H2SO4) were
also procured from Merck, India. Double distilled water was used to prepare the
various solutions of iron. Aluminum sheets (~98% purity) for electrode fabrication
were procured from local market.
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2.2 Experimental Matrix Designing by Taguchi Method

Influential parameters affecting EC process were studied from various literatures.
Parameters like the initial concentration of iron, current intensity, inter-electrode
distance, conductivity, and initial pHwere chosen. Taguchimethodwas implemented
to analyze the effects of these parameters and to obtain the regression equation (Tir
et al. 2015; Irdemezet al. 2006). In this work, orthogonal array OA16 (45) with five
different parameters (P) of four different levels (L) were implemented. The level of
each of the chosen parameters is shown in Table 1. N is the number of runs required
for the orthogonal array, which is recognized using Eq. (1):

N = (L − 1)P + 1 (1)

There are 16 experiments (L16) to be carried out as per the Taguchi methodology
and are shown in Table 2 (Karmakar et al. 2018). Minitab-17 software was utilized to
implement Taguchi method for obtaining the optimized parameter values, the effec-
tiveness of the parameters, and the regression equation.Each experimentwas repeated
at least three times to obtain the experimental removal efficiency (Martinez-villafane
and Montero-Ocampo 2010). To evaluate the effect of parameters and to obtain
their optimized value a response is chosen. In this study, the percentage removal of
iron is chosen as the response of the Taguchi method, and experimental data were
analyzed using the signal-to-noise (S/N) ratio. Since better the removal of iron from
the solution, the “larger is better” characteristic has been chosen.

S

N
= −10log10

(
1

n

n∑
i=1

1

y2i

)
(2)

where S/N is the sound to noise ratio, n is the number of repetitions for one
experimental combination, and yi is the performance value of the ith experiment
(Asghari et al. 2012).

Table 1 Experimental parameters and levels for the removal of iron using electrocoagulation

Variables Levels

1 2 3 4

Initial concentration (ppm) 15 20 25 30

Current intensity (A) 0.5 0.75 1 1.25

Inter-electrode distance (mm) 8 10 12 14

Conductivity (µS) 345 355 365 375

Initial pH 5 6 7 8
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Table 2 L16 experimental matrix from Taguchi method

Experiment
number

Initial
concentration
(ppm)

Current
intensity
(A)

Inter-electrode
distance (mm)

Conductivity
(µS)

Initial
pH

Percentage
removal of
iron

1 15 0.50 8 345 5 73.02

2 15 0.75 10 355 6 74.98

3 15 1.00 12 365 7 74.05

4 15 1.25 14 375 8 72.08

5 20 0.50 10 365 8 67.03

6 20 0.75 8 375 7 71.99

7 20 1.00 14 345 6 66.08

8 20 1.25 12 355 5 74.95

9 25 0.50 12 375 6 63.97

10 25 0.75 14 365 5 60.07

11 25 1.00 8 355 8 69.02

12 25 1.25 10 345 7 70.04

13 30 0.50 14 355 7 55.06

14 30 0.75 12 345 8 63.05

15 30 1.00 10 375 5 66.08

16 30 1.25 8 365 6 70.02

2.3 Experimental Setup and Procedure

A 5-L beaker was used for the electrocoagulation setup (Fig. 1). A 3-L of iron solu-
tions of different concentrations were made for each of the experiments. Aluminum

Fig. 1 Schematic diagram of electrocoagulation setup: (1) digital DC power, (2) magnetic bar
stirrer, (3) multimeter meter, (4) anode, (5) cathode, (6) magnetic bar, (7) temperature probe, and
(8) pH meter
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plates were used as electrodes with dimensions of 100 mm × 30 mm × 1.5 mm. A
perplex rod was used to support the anode and cathode. The inter-electrode distance
varied from 8 to 14 mm. A DC power supply (Make: Aplab L6410 S) was connected
to maintain a steady flow of current. A constant speed was maintained in the EC
setup using a magnetic stirrer (Make: Remi 5 MLH Plus). The experiments were
conducted at ambient temperature (25 ± 1 °C). The pH was varied for the experi-
ments using 0.1 M solution of H2SO4 and NaOH. NaCl was used as the electrolyte.
Each experiment had a fixed time span of 40 min. Samples were withdrawn at the
end of the experiment and filtered through filter paper (Whatman Cat No 1001-110)
and electrodes were cleaned by dilute HCl after each experiment.

The filtered sample was analyzed using ICP–OES spectrometry (Make:
Perkin Elmer Optima 8000). The percentage removal of iron was calculated using
the following equation:

Removal efficiency = Ci − Cf

Ci
× 100 (3)

whereCi andCf are the initial and final concentrations of iron solutions inmgL−1,
respectively (Hashim et al. 2019). Conductivity and pHweremeasured bymultimeter
meter (Make: EUTECH Instruments PC2700).

2.4 Analysis of Variance

Electrocoagulation of iron solution was performed in accordance with the set of
parametric conditions acquired by experimental matrix design using L16 orthogonal
array methodology. The removal efficiency of iron using monopolar electrocoagu-
lation process was analyzed statistically for an assessment of the importance of the
model selected for optimization and the effects of separate process parameters on
the response by means of ANOVA studies. ANOVA is a dynamic technique used to
inspect the importance of a discrete parameter and selected the optimization model
for the establishment of amathematicalmodel equation. It emphasizes on the analysis
of the variance around the mean of the performance features and is accomplished
by assessing the Fischer’s test value (F-value). The influence of any parameter is
elucidated by its F-value and the corresponding sum of squares (Shah et al. 2017).
Higher F-value and sum of squares of any parameter specify its comparative impor-
tance in the procedure of the response. Contrariwise, the extents of acquired values
of these tests are entirely owed to response signals and are assured by a p-value. The
p-value simplifies the probability of attaining an F-value of this order due to noise
values below 0.05 or 5% confirms the significance of the specific process parameter
(Pundir et al. 2018).
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3 Results and Discussion

3.1 Analysis of Iron Removal and Determination
of Condition

The electrocoagulation process of iron solution was performed with a set of para-
metric conditions obtained by experimental matrix design using L16 orthogonal array
approach. The percentage removal efficiency of iron was as a response and is shown
in Table 2. In order to determine the effective parameters and their significance levels
on removal efficiency, a statistical analysis of variance (ANOVA) was performed.
The results of ANOVA are given in Table 3. The obtained adjusted sum of squares
for the model was 479.299 and total degree of freedom (DF) was obtained to be 15.
The F-value for initial concentration of iron was 71.26 which is the most significant
but conductivity and pHwere 0.03 and 0.62, which were least significant parameters.
The F-value of the other parameters, current intensity and inter-electrode distance
were found out to 30.32 and 33.97, respectively. These values can be assured from the
P-value. Except conductivity and initial pH, other three parameters play a significant
role in the removal of iron using electrocoagulation. Table 4 shows the priority of

Table 3 Analysis of variance (ANOVA) of the parameters

Source DF Adjusted SS Adjusted MS F-value P-value

Regression 5 446.514 89.303 27.24 0.000

Initial concentration 1 233.620 233.620 71.26 0.000

Current intensity 1 99.391 99.391 30.32 0.000

Inter-electrode distance 1 111.368 111.368 33.97 0.000

Conductivity 1 0.109 0.109 0.03 0.859

pH 1 2.026 2.026 0.62 0.450

Error 10 32.785 3.278

Total 15 479.299

Table 4 Delta-rank of various parameters

Level Initial
concentration
(ppm)

Current intensity
(A)

Inter-electrode
distance (mm)

Conductivity
(µS)

Initial pH

1 37.33 36.18 37.02 36.64 36.68

2 36.89 36.55 36.83 36.65 36.73

3 36.34 36.74 36.75 36.60 36.56

4 36.03 37.12 35.99 36.71 36.61

Delta 1.30 0.93 1.04 0.11 0.17

Rank 1 3 2 5 4
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the parameters affecting in EC. From Delta-Rank, we can see that initial concentra-
tion of iron is the most significant parameter followed by electrode distance, current
intensity, initial pH, and conductivity (initial concentration > inter-electrode distance
> current intensity > initial pH > conductivity).

3.2 Effect of Various Parameters

To investigate the effect of various parameters like initial concentration of iron,
current intensity, pH, inter-electrode distance, and conductivity on the removal effi-
ciency of iron by electrocoagulation process, L16 experiments were carried at a fixed
time.

3.2.1 Effect of Initial Concentration of Iron

Effect of initial concentration of iron is one of the most significant factors affecting
the electrocoagulation process. Under reaction conditions of reaction temperature =
30 °C, reaction time = 40 min, monopolar connection of aluminum electrodes and
agitation speed = 400 rpm, maximum removal efficiency of iron was obtained at
15 ppm of initial iron concentration, as demonstrated in Fig. 2. Figure 2 reveals that
with an increase in initial concentration of iron the removal efficiency decreases. This
is due to the fact that the time of each electrocoagulation was limited to 40 min and
as the amount of iron increased the S/N ratio decreased. The maximum removal was
observed at 15 ppm (S/N ratio: 37.33) and the least was at 30 ppm (S/N ratio: 36.03).
At lower concentration (up to 15 mg/L), available aluminum hydroxide complexes
are adequate to remove the Fe(II)moleculeswithin 40minwith appropriate oxidizing
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Fig. 2 Removal efficiency of iron versus initial concentration of iron by monopolar electrocoagu-
lation process
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environment. The rate of generation of aluminum hydroxide complexes is not suffi-
cient to remove high Fe(II) concentration (>15 mg/L) within 40 min of operation.
Therefore, longer residence time is required for electrocoagulation process of high
Fe(II) concentration.

3.2.2 Effect of Current Intensity

The increase in current intensity increases the removal efficiency of iron. The amount
of coagulants formed in electrocoagulation process depends greatly on the current
passed and the time. Choice of electrodematerial is also an important factor affecting
the cell voltage (different oxidation potential for different electrode materials) and
the separation attained. In our work, aluminum was carefully chosen as the elec-
trode material because of its cheapness, ready availability, nonharmfulness and it
requires comparatively less oxidation potential. Here a sorption coagulation mecha-
nism follows resulting in the creation of loose aggregates. As time progresses, further
aluminum cation accumulation results in amorphous aluminum hydroxide precipita-
tion that stimulates pollutant aggregation through a sweep coagulation followed by
precipitation mechanism. During the final stages, coagulated aggregates act together
with bubbles and float to the surface or settle to the bottom of the reactor. The size of
the H2 bubbles formed and the coagulant production rate is adjusted by varying the
current intensity that also determines the floc growth in the system. Thus high effi-
ciency of electrocoagulation is obtained using high current intensity. From Fig. 3, it
can be seen that an increase in current intensity increases the S/N ratio (i.e., removal
efficiency of iron). At 1.25 A, maximum S/N ratio was observed at 37.12 and at
0.5 A, the least removal of iron was determined at S/N ratio of 36.18.
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Fig. 3 Removal efficiency of iron versus current intensity (A) by monopolar electrocoagulation
process
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3.2.3 Effect of Inter-electrode Distance

The effective electrode area along with the inter-electrode distance between the
cathode and the anode has a significant role in the electrocoagulation process.
Increase in inter-electrode distance decreases the S/N ratio and it is shown in Fig. 4.
This is due to the fact that as the applied voltage is constant as the inter-electrode
distance increases the resistance for the applied current also increases leading to poor
coagulation formation. The maximum S/N ratio was observed at 8 mm (S/N ratio:
37.02) and the least of 35.99 at 14 mm. The electrode setup plays a significant role
in the effective surface area and also the inter-electrode distance. The equation that
governs the variation in the voltage drop (ηIR) is:

ηI R = I · d

s ∗ k
(4)

where, I = current (A), d = distance between two electrode (m), S = active
anode surface (m2), k = specific conductivity (103 mS/m) (Ghosh et al. 2008).
From the above equation, it can be inferred that at constant anodic surface area
and conductivity of the solution, voltage drop increases with the increase in inter-
electrode distance. The resistance between the electrodes and the distance between
them are directly related. Thus, with the increase in the inter-electrode distance the
electric current decreases and to achieve the required current intensity, the voltage
had to be increased.

3.2.4 Effect of pH

The solution pH plays a significant role in the autocatalytic disappearance of aqueous
Fe(II) with the incentive of iron removal in slightly basic (pH > 7) range. Electro-
coagulation is believed to be a satisfactory technology due to the formation of more
OH− ions in the electrolysis of water. In electrocoagulation where Al electrode is
used, it has been witnessed that at somewhat basic ambiance Al(OH)3 precipitation
occurs and the sweep-flock mechanism dominates (Fig. 5).

From Fig. 5, we can evaluate that initial pH has not much effect on the removal of
iron from the solution. The S/N ratio lies from 36.56 to 36.73. However, maximum
removal was obtained at pH 6 with S/N ratio of 36.73.

3.2.5 Effect of Conductivity

In this study, conductivity was maintained using sodium chloride (NaCl) salt.
Conductivity increases the mobility of the ions present in the electrocoagulation
process.Addition of salt increases the conductivity of the solution,whichwas directly
influenced the cell voltage, energy consumption, and current efficiency in the elec-
trolytic cell. The use of NaCl was also accompanied by the production of chloride
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Fig. 4 Removal efficiency
of iron versus inter-electrode
distance by monopolar
electrocoagulation process
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Fig. 5 Removal efficiency
of iron versus initial pH by
monopolar
electrocoagulation process
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ions that reduces the effects of other anions, such as bicarbonate and sulfate which
may lead to the precipitation of Ca2+ leading to the high-ohmic resistance of the
electrochemical cell. Hence no significant effect is noticed with varied conductivity.
The S/N ratio varies from 36.60 to 36.71 (Fig. 6).

4 Conclusion

From the above study, we can interpret that electrocoagulation is a suitable process
for iron removal fromwastewater. The regression equation obtained from the Taguchi
method has an R2 value of 93.16. The optimized conditions were found to be 15 ppm
initial concentration, 1.25 A current intensity, 8 mm inter-electrode distance with
conductivity at 360 µS, and pH of solution at 5. From Delta-Rank, we can see
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Fig. 6 Removal efficiency
of iron versus conductivity
by monopolar
electrocoagulation process
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that initial concentration of iron is the most significant parameter followed by elec-
trode distance, current intensity, initial pH, and conductivity (initial concentration >
electrode distance > current intensity > initial pH > conductivity).
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Kinetics Study of a Suspended Growth
System for Biological Treatment
of Bakery and Confectionery Wastewater

Biswajit Chakraborty, Pradyut Kundu, Joydeep Mukherjee,
and Somnath Mukherjee

Abstract The effluent of bakery and confectionery production unit mainly contami-
nated with oil, fat, nitrogen, glucose, starch, etc. These industries use plentiful water
for proper functioning and operating of the production unit and simultaneously it
emanates a huge amount of wastewater. A laboratory investigation was undertaken
to explore the feasibility of biodegradation of bakery and confectionery wastewater
alongwith kinetic study. The experimental studies were donewith simulated real-life
bakery and confectionery wastewater in batch-fed reactor. Necessary characteriza-
tion was done after collecting wastewater from the outlet of the real-life plant. It was
found that COD value was within a range of 1300–1400 mg/L and BOD/COD ratio
between 0.68 and 0.71. Themicrobial seedwas acclimatized for 3months. Necessary
batch kinetic studies were performed with preacclimatized seed mixture in different
proportions to the simulated sample. It was noticed that about 90% removal of COD
could be achieved after a contact period of 26 h in corresponding to 1320 mg/L
of the initial COD concentration. Similarly, 76% ammoniacal nitrogen (NH4

+–N)
removal was also found with respect to initial NH4

+–N concentration of 75.38 mg/L
after a contact period of 30 h. Finally, experimental dataset was utilized to determine
various kinetic coefficients such as K, Y, kd , Ks for designing a real-life activated
sludge reactor system for the treatment of bakery and confectionery wastewater.
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Keywords Suspended growth batch reactor · Bakery and confectionery
wastewater · COD removal · NH4

+–N removal · Kinetic constants

1 Introduction

Large commercial bakery and confectionery producing products including cakes,
pies, cookies, biscuits, brownies, rolls, and a variety of other desserts. These plants
generatewastewater with loads of contaminants too high,made unsuitable formunic-
ipal dischargewithout pretreatment. Bakeries use large volumes of butter, flour, short-
ening, eggs, fillings of various types that produce the high level of BOD, suspended
solids and fats, oils, and grease in the wastewater. For purposes of wastewater char-
acterization, the bakery industry may be divided into two groups: dry baking such as
bread, bun, and roll baking and production of cakes, pies, doughnuts, cookies, and
sweet rolls. In dry baking, production equipment such as mixing vats and baking
pans are typically cleaned dry and floors are swept prior to wash down. Wastew-
ater is produced from general cleanup operations and is of low strength. Its major
contaminants are flour and some grease. The second type of baking operation such as
cake production generates wastes of much higher strength containing grease, sugar,
flour, filling ingredients, and detergents. Most of the production equipment, such
as baking pans and trays, mixing vats, mixers, milk, and other liquid containers,
are water cleaned. Pans and trays are washed with hot detergents and greased after
each baking. The spent liquid from pan washers constitutes one of the most impor-
tant sources of wastewater. Confectionery industry also generates high amounts of
wastewater, which contains high concentrations of readily biodegradable organic
materials characterized by high COD and BOD values (Beal and Raman 2000). The
average wastewater qualities of bakery and confectionery production units found by
Yim et al. (1975) are shown in Table 1.

The objective of the present study was to perform a treatability study in a
laboratory-scale batch reactor for the treatment of simulated bakery and confec-
tionerywastewater containing both organic carbon and ammoniacal nitrogen and also
to evaluate kinetic constants for designing a suitable suspended growth bioreactor
using experimental data.

Table 1 Wastewater quality of bakery and confectionery industries

Type of
confectionery
plant

pH BOD5 (mg/L) Suspended solid
SS (mg/L)

Total solid TS
(mg/L)

Oil and grease
(mg/L)

Bread plant 6.9–7.8 155–620 130–150 708 60–68

Cake plant 4.7–8.4 2240–8500 963–5700 4238–5700 400–1200

Variety plant 5.6 1600 1700 – 630

Unspecified 4.7–5.1 1160–8200 650–13,430 – 1070–4490
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2 Materials and Methods

2.1 Collection of Real-Life Sample

Real-life sample of bakery and confectionery wastewater was collected from local
bakery and confectionery plants. The concerned bakery and confectionery plant use
large volumes of butter, flour, shortening, eggs, fillings of various types for production
of patties, sandwich, burger, pastry, cake, etc. The samples were collected at different
times from plant outlets and were analyzed for various characteristic parameters like
pH, COD, BOD, TSS, TDS, and ammoniacal nitrogen following the protocols as
described in American Public Health Association (2000).

2.2 Preparation of Simulated Feed Solution

Simulated feed solution was prepared for the purpose of acclimatization of micro-
bial seed collected from nearby local sewage treatment plant. The constituents feed
solution consist of dextrose, peptone, beef extract, yeast extract, ammonium sulfate,
ammonium chloride, dipotassium hydrogen phosphate, potassium dihydrogen phos-
phate as concentration of 12.5, 1.0, 0.8, 0.8, 0.4, 1.5, 1.0, and 1.0 g/L, respectively.
The stock feed solution was diluted as per requirement for maintaining COD and
ammoniacal nitrogen values of 1350 ± 50 and 70 ± 10 mg/L, respectively, during
seed acclimatization and batch kinetic study.

2.3 Seed Acclimatization for Carbon Oxidation
and Nitrification Study

The seed acclimatization study was carried out in a measuring cylinder of 1.0 L
capacity as a reactor. About 100 mL of nonacclimatized seed collected from nearby
local sewage treatment plants mixed with 700 mL of diluted simulated wastew-
ater and 50 mL of micronutrient solution to make a total volume of 850 mL in the
cylinder. Themicronutrient solution contains the following components (g/L), EDTA
0.01; ZnSO4·7H2O 0.001; CaCl2·2H2O 0.1; MnCl2·2H2O 0.008; FeCl3·6H2O 0.71;
(NH4)6Mo7O24 0.0011; CuSO4·5H2O 0.001; CoCl2·6H2O 0.2. The COD was main-
tained in the range of 1350 ± 50 mg/L and NH4

+–N was 70 ± 10 mg/L. Aeration
was done continuously by means of diffused air system with the help of aquarium
pumps. The acclimatization was continued for an overall period of 3 months. The
biomass growth was indicated by the magnitude of sludge volume index (SVI) and
MLSS concentration in the cylinder. pH in the reactor was maintained in the range
of 6.8–7.5 by adding required amount of sodium carbonate (Na2CO3) and phosphate
buffer.
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Fig. 1 Experimental setup of suspended growth batch reactor

2.4 Experimental Setup and Procedure for the Treatment
of Wastewater in Batch Reactor

Batch kinetic studies for the treatment of stimulated bakery and confectionery
wastewater for carbon oxidation and nitrification have been performed in 1 L volume
measuring cylinder separately as shown in Fig. 1. After seed acclimatization, about
800 mL volume of sample was taken in each cylinder with necessary diluted feed
solution. Each cylinderwas facilitatedwith aeration systemby inserting stone sparger
fittedwith laboratory-scale compressor. The graduationmarked in the cylinder helped
for determining sludge volume for each cylinder in more convenient manner.

3 Results and Discussion

3.1 Characterization of Real-Life Bakery and Confectionery
Wastewater

The wastewater samples as characterized in the laboratory with respect to the
following parameters are shown in Table 2. The COD and NH4

+–N values were
found within a range of 1350 ± 30 and 65 ± 10 mg/L, respectively. The average
pH and TSS of real-life composite sample wastewater were found to be 7.4 ± 0.2
and 550 ± 30 mg/L, respectively. The temperature during collection of sample was
observed in the range of 25–32 °C.As regards to the highTDSvalue, the reason can be
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Table 2 Characterization of real-life bakery and confectionery wastewater

S. No. Parameters Values

1 COD (mg/L) 1350 ± 30

2 BOD5 (mg/L) 905 ± 30

3 TSS (mg/L) 550 ± 30

4 Ammoniacal nitrogen (mg/L) 65 ± 10

5 pH 7.4 ± 0.2

attributed to the presence of different ions which generally are major constituents of
the different cleansing agents and disinfectants used during the operation and main-
tenance stages. BOD5 of the real-life wastewater was found to be 905 ± 30 mg/L
that indicates the presence of biodegradable organic matter in wastewater.

3.2 Carbon Oxidation Study of Simulated Bakery
and Confectionery Wastewater in Batch Reactor

The time concentration study for organic (COD) reduction with respect to the initial
COD concentration value of 1352.16 mg/L is shown in Fig. 2. From Fig. 2, it was
observed that the concentration of COD decreases with the progress of reaction time.
The plot also reveals that within a 22 h of contact time, maximum COD removal was
achieved (96.58%) beyond which the removal percentage was found to be marginal
and the curve becomes asymptotic in nature, which indicates maximum stabilization
of organic matter of wastewater within the above reaction period. Figure 3 demon-
strates that there is a steady ascending in MLSS concentration up to a time period of
22 h, from initial MLSS concentration 2025 mg/L. After 22 h, the rate of increase

Fig. 2 CODremoval profile during carbonoxidation study in batch reactor for simulatedwastewater
sample [Initial COD concentration = 1352.16 mg/L]
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Fig. 3 MLSS concentration profile during carbon oxidation of simulated wastewater sample in
batch reactor [Initial MLSS = 2025 mg/L]

of MLSS concentration was found to be ceased and a steady-state condition was
achieved, which indicates that enzymatic activity of carbonaceous microorganisms
in the mixed culture is exhausted and fully utilized.

3.3 Kinetics for Carbon Oxidation Study in Batch Reactor

The values for the reciprocal of specific substrate utilization rate (1/UC), obtained
from the results were plotted against the reciprocal of effluent COD (1/S) and
substrate removal kinetics was evaluated using simple linear equation 1/UC =
[(Ks/k)(1/S)] + (1/k). A best-fit graph was drawn by applying the least square
approach using experimental data, as shown in Fig. 4. The slope and intercept of
the straight line were Ks/k and 1/k, respectively. The value of k was 9.09 per day,
whereas the half velocity constant (Ks) was 350.69 mg/L for an initial COD of 1350
± 30 mg/L. The value of Ks obtained for carbon oxidation was found to be higher

Fig. 4 Substrate utilization kinetic for carbon oxidation study of simulated wastewater sample in
batch reactor
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Table 3 Values of kinetic constants for carbon oxidation study

Serial number Kinetic coefficients Values from present study Typical kinetic coefficient for
municipal wastewater
(Metcalf and Eddy Inc. 2000)

1 Y 0.765 0.4–0.8

2 Kd 0.056 0.025–0.075

3 K 9.09 2–10

4 ks 350.69 25–100

Fig. 5 Microbial growth kinetic for carbon oxidation study of simulated wastewater sample in
batch reactor

than the standard value of kinetics coefficient of municipal wastewater treatment
(Metcalf and Eddy Inc. 2000), may be due to higher initial concentrations of COD in
the batch reactor, as shown in Table 3. Furthermore, the values of the reciprocal of the
reaction time (1/θ ) were plotted against UC as shown in Fig. 5. The yield coefficient
(Y ) was determined from the slope of the best-fit straight line and endogenous decay
coefficient (kd) was obtained from the intercept. The value of Y and kd was found
to be 0.765 mg of MLSS/mg of COD and 0.056 per day, respectively, for the COD
value of 1350 ± 30 mg/L.

3.4 Nitrification Study of Simulated Bakery
and Confectionery Wastewater in Batch Reactor

The results of the time course study of NH4
+–N removal are shown graphically

in Fig. 6. From Fig. 6, it was observed that as time increases, NH4
+–N concen-

tration decreases with respect to initial NH4
+–N concentration of 75.38 mg/L and

ultimately after 30 h, the residual ammoniacal nitrogen concentration inside the
batch reactor reaches to a minimum level of 17.58 mg/L which correspondence to
76.68% removal of NH4

+–N from wastewater sample. During nitrification process,
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Fig. 6 Ammoniacal nitrogen removal profile during nitrification study in batch reactor for simulated
wastewater sample [Initial NH4

+–N concentration = 75.38 mg/L]

Fig. 7 MLSS concentration Profile during Nitrification of simulated wastewater sample in batch
reactor [Initial MLSS = 2050 mg/L]

the MLSS concentration in the reactor increases up to 3060 mg/L from the initial
MLSS concentration of 2050 mg/L within a period of 30 h of contact time. The
increase of MLSS concentration is shown in Fig. 7. Temperature and pH level of
wastewater during experiment maintained at 27–30 °C and 7–7.5, respectively, by
controlling environmental condition.

3.5 Kinetics for Nitrification Study in Batch Reactor

The values for the reciprocal of specific substrate (NH4
+–N) utilization rate (1/UN )

were plotted against the reciprocal of limitingNH4
+–Nas substrate (1/N) and removal

kinetics was evaluated using equation 1/UN = [(Ks/k)(1/N)]+ (1/k). A best-fit graph
was drawnby applying a least squaremethodusing experimental data,which is shown
in Fig. 8. The slope and intercept of the straight line were Ks/k and 1/k, respectively.
The value of k was 23.25 per day, whereas Ks was about 29.99 mg/L for initial
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Fig. 8 Substrate utilization kinetic for nitrification of simulated wastewater sample in batch reactor

NH4
+–N level of 65 ± 10 mg/L as N. Consequently, the magnitude of half velocity

constant (Ks) value was corroborated with standard values as mentioned in Table 4,
considered for nitrification of municipal wastewater stream (Metcalf and Eddy Inc.
2000). The values of the reciprocal of the reaction time (1/θ ) were plotted against
specific substrate (NH4

+–N) utilization rate (UN ) that are shown in Fig. 9. The value
of Y and Kd was found to be 0.425 mg of MLSS/mg of NH4

+–N and 0.063 per day,
respectively.

Table 4 Values of kinetic constants for nitrification study

Serial number Kinetic coefficients Values from present study Typical kinetic coefficient for
municipal wastewater
(Metcalf and Eddy Inc. 2000)

1 Y 0.425 0.1–0.3

2 Kd 0.063 0.03–0.06

3 k 23.25 1–30

4 ks 29.99 0.2–5

Fig. 9 Microbial growth kinetic for nitrification simulated wastewater sample in batch reactor
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4 Conclusion

The batch study exhibited that both COD and ammoniacal nitrogen removal are
possible by the mixed bacterial culture as developed in the laboratory under aerobic
condition. Kinetic coefficients evaluated through experiments showed that the values
are in congruence with those obtained by earlier researchers. The kinetic constants
can be used for design of a field-scale suspended growth reactor for the treatment of
real-life bakery and confectionery wastewater.
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Role of Metallothionein
and Phytochelatin in Combating Abiotic
Stress Imparted by Copper-Induced
Toxicity in Brinjal (Solanum melongena)

Pratik Talukder

Abstract Plants, though sessile, have various enzymatic and nonenzymatic antioxi-
dant systems which help them in combating the heavymetal-induced oxidative stress
and various other abiotic stresses. Metallothioneins (MTs) and Phytochelatins (PCs)
are the two best characterized heavy metal-binding ligands in plants. In the present
investigation, we made a comparative study on the role of metallothionein and PCs
in combating copper-induced oxidative stress in brinjal (Solanum melongena), an
important vegetable plant with immense nutritional value. Seedlings were exposed
to various sublethal doses of copper and grew them for a period of 1 month. We
studied the relative expression of these genes by reverse transcription PCR and real-
time PCR techniques and the relative content of the major secondary metabolites and
phytochelatins byHigh-Performance LiquidChromatographic (HPLC) technique. In
both cases, we find that 800 μM is the highest dose that the plants can withstand. On
further increasing the dose to 1000μM, a sudden drop in the expression of the genes,
as well as polyphenolic and phytochelatin compound contents, was observed. This
observation proves that phytochelatin and metallothionein function in a coordinated
way to chelate, detoxify, and rendering the plant more tolerant to metal stress.

Keywords Abiotic Stress · Copper · Brinjal · Solanum melongena · Secondary
metabolism · Polyphenols · Metallothionein · Phytochelatin

1 Introduction

Heavy metals are defined as those metals and metalloids which have atomic density
5 g cm−3 and above (i.e., greater than water) and atomic number >20, and should
possess properties of metals. A concentration >0.1% in soil becomes toxic to the
plants. There are both essential and nonessential heavy metals present in the soil. Fe,
Mn, Cu, Zn, Co,Mo are few important essential heavymetals, whereasCd, Pb,Ur, Tl,
Cr, Ag, Hg are considered as nonessential heavymetals (Wuana andOkieimen 2011).
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Plants and themetals in the soil have had a long and intimate evolutionary association
that has resulted in many complex interactions. Copper is an essential micronutrient
for plants. Plants maintain low copper concentration in the cells because at higher
concentrations, it behaves as a cytotoxic stress factor by generating reactive oxygen
species (ROS) and other free radicals (Cho and Seo 2005). Copper is an essential
micronutrient. Being a redox-active metal, excess accumulation of copper gener-
ates reactive oxygen species (ROS) (Stohs and Bagchi 1995). Copper toxicity is
accompanied with high rate of oxidative stress and lipid peroxidation (Díaz et al.
2001). Apart from producing ROS, heavy metals affect the plants either by binding
to the essential –SH groups of enzymes and hence inactivates them and make them
nonfunctional or they are also capable of replacing the essential functional elements
in prosthetic groups of the enzymes and interrupts their ability of catalysis. Among
the severalmechanisms bywhich plants can copewith the ill-effects exerted by heavy
metals is the activation of the genes responsible formetallothionein and phytochelatin
production. Metallothioneins (MTs) are low molecular weight (7–8 kDa), Cysteine-
rich, metal-binding proteins (Blindauer and Leszczyszyn 2010); they can bind to a
variety of metals like zinc, copper, cadmium by forming mercaptide bonds. On the
other hand, Phytochelatins (PCs) are nonprotein, cysteine-rich peptides which are
biosynthesized enzymatically from the precursor Glutathione (GSH); heavy metals
like Cd, Pb, Zn, Cu can induce PC biosynthesis metallothionein combats oxidative
stress-induced heavy metals and phytochelatins, on the other hand, are involved in
nullifying oxidative stress induced by heavy metals only (Ghoshal et al. 2015).

Food habit in human has evolved over the course of human evolution and human
civilization. One of the main ingredients of our diet is vegetables. Brinjal [Solanum
melongena L. (Solanaceae)] is known to be the chief vegetable source of our diet. It is
the second most important vegetable in India after potato. In India, it is an important
part of our daily diet as it is a rich source of macro- and micronutrients (Shishira
et al. 2016). Being a fast-growing developing nation with such a huge population, it
is of utmost importance to increase the production of agricultural products including
vegetables such as brinjal.Due to rapid urbanization and industrialization, the amount
of agricultural land is decreasing day by day and farmers are now growing vegetables
in small hamlets nearer to the suburban areas. Unfortunately, the soil of those areas
is highly contaminated with heavy metals including copper due to various industrial
and anthropogenic activities. Hence, this present study is aimed to understand how
the plants can mitigate the effect of heavy metal toxicity by enhancing the expression
of the important genes of metallothionein and phytochelatin biosynthesis pathways
and hence by higher production of MT and PC which are capable of quenching the
heavy metals. This study would enable us to deduce a mechanism by which we can
reduce the amount of heavy metal-induced toxicity in vegetables which we consume
on a daily basis.
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2 Materials and Methods

2.1 Plant Materials and Treatments

Brinjal [Solanum melongena L.] [Variety-BCO-1, Bidhan Chandra Krishi
Viswavidyalaya, West Bengal, India] seeds were used for this study. About 500,
800, and 1000 μM solution of copper chloride (CuCl2) (SRL, Mumbai, India) were
used as treatment. LD50 was measured and it was found to be 1100 mM for Cu
treatment. Hence all doses were taken lesser than the LD50 value.

2.2 Evaluation of Stress

2.2.1 Estimation of Chlorophyll and Carotenoid Content

The amount of chlorophyll was measured according to the method of Lichtenthaler
(1987) with little modifications.

2.2.2 Lipid Peroxidation

The level of lipid peroxidation can be determined bymeasuring the amount ofmalon-
dialdehyde (MDA). Method of Heath and Packer (1968) with little modifications
(Ghoshal et al. 2015) was used to measure the extent of lipid peroxidation. The
result was expressed as MDA equivalents in μM/g fresh weight of tissue.

2.3 Preparation of Plant Extract

Plant extracts were prepared according to Brolis et al. (1998) with little modifications
(Talukder et al. 2016).

2.4 Evaluation of Antioxidant Activity

2.4.1 Total Antioxidant Assay

This assay was performed according to Prieto et al. (1999).
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2.4.2 DPPH Radical Scavenging Assay

The DPPH radical scavenging assay was done according to Brand-Williams et al.
(1995), with few modifications (Talukder et al. 2016).

2.5 Gene Expression Analysis by Reverse Transcription PCR
and Real-Time PCR

Thermal cycler condition for reverse transcription PCR was reverse transcription at
50 °C for 30 min, Initial denaturation step at 95 °C for 15 min followed by 40 cycles
of denaturation at 94 °C for 1 min, primer annealing at 53 °C for 1 min, elongation
at 72 °C for 1 min and 30 s, and the final extension was done at 72 °C for 10 min.

The reaction condition for real-time PCR was: an initial hold at 95 °C for 10 min,
40 cycles of denaturation at 95 °C for 30 s, annealing, and extension at 60 °C for
1 min. β-actin served as endogenous control. Three biological replicates were used
for each reaction. Real-time PCR 2−��CT was performed according to the method
of Livak and Schmittgen (2001) for the analysis of relative gene expression (Table
1).

2.6 Determination of Phytochelatin Content by HPLC

Plant extracts were prepared according to Sneller et al. (2000). Mobile phase was
made up of solution A: 0.1% Trifluoroacetic acid (TFA) solution and solution B:
80% Acetonitrile (ACN)+ 20% of 0.1% Trifluoroacetic acid (TFA) solution and the
stationary phase was C18 reverse-phase column.

2.7 Statistical Analysis

All experimental results were represented as mean values ± standard error of the
mean. The data were analyzed by an analysis of variance (ANOVA) and means were
compared byStudent’s t-test usingKyPlot software (Version 3.0).All the experiments
were performed in triplicates. Differences in the data at p ≤ 0.05 were considered to

Table 1 Details of primers used in this study

Gene Forward primer (5′-3′) Reverse primer (5′-3′)
MT 2
β Actin

5′ATGTCTTGCTGCAACGGAAACT3′
5′ATCATGAAGTGTGATGTTGA3′

5′CTATTTGCAATTGCATGGATTG3′
5′ACCTTAATCTTCATGCTGCT3′
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be statistically significant. Level of significance was p < 0.05 (*); p < 0.01 (**); p
< 0.001 (***).

3 Results

3.1 Evaluation of Stress

3.1.1 Chlorophyll and Carotenoid Content

The increases in chlorophyll a content in 500 and 800 μM Cu-treated plants were
about 1.32 and 1.23 fold, followed by a drop in 1000 μM Cu-treated plants. The
increase in chlorophyll b content in the 500 μM Cu-treated plants was more signifi-
cant than that of 800 μM Cu-treated plants (p ≤ 0.001 against p ≤ 0.01). There has
been significant increases (p ≤ 0.001) of 1.34 and 1.22 fold in the total chlorophyll
contents in 500 and 800 μM Cu-treated seedlings and an insignificant decrease in
1000 μM Cu-treated seedlings (Fig. 1).

Statistically significant increments in the carotenoid content have been observed
in 500 and 800 μM Cu-treated seedlings (p ≤ 0.01 and p ≤ 0.05); however, in
1000 μM Cu-treated plants show an even more significant decrease (p ≤ 0.001) in
carotenoid content (Fig. 2).

Fig. 1 Changes in total chlorophyll content
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Fig. 2 Changes in total carotenoid content

Fig. 3 Change in lipid
peroxidation

3.1.2 Amount of Lipid Peroxidation

Statistically significant increases (p= 0.001) of 1.2 and 1.35 fold have been observed
in 500 and 800 μM Cu-treated samples whereas in 1000 μM Cu-treated samples,
the increase in MDA production is 1.16 fold (significant at 1% level) (Fig. 3).

3.2 Evaluation of Antioxidant Activity

3.2.1 Total Antioxidant Activity

There have been 1.3, 1.5, and 1.8 fold increases in the total antioxidant activity with
the addition of 500, 800, and 1000 μM Cu, respectively (Fig. 4).
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Fig. 4 Change in total
antioxidant activity

Fig. 5 Change in DPPH
scavenging activity

3.2.2 DPPH Scavenging Activity

There has been a significant increase (about threefold) in the percentageDPPHradical
scavenging activity in the Cu-treated plant extracts (Fig. 5).

3.3 Gene Expression Study by Reverse Transcription
and Real-Time PCR, Respectively

MT2 is known to be expressed predominantly in shoot tissues. It is found that the
expression of MT2 has increased in Cu-treated plants with respect to untreated
control. The densitometric analysis shows 1.36 and 1.38 fold increases in expressions
of 500 and 800 μM Cu-treated samples, respectively, whereas a 1.66 fold increase
in 1000 μM treated sample in comparison to untreated control (Fig. 6).

Real-timePCRofMT2genewas carried out by 2−��CT method andobserved 4.57
and 5.78 fold increases in the expressions of 500 and 800 μM Cu-treated samples,
respectively, compared with untreated control. As we further increased the dosage to
1000μM,we observed a drop (only 5.64 fold increase) in the relative gene expression
of MT2. β-actin was taken as endogenous control (Fig. 7).
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Fig. 6 Alterations inMT2 gene expression by semiquantitative method

Fig. 7 Alterations inMT2
gene expression by real-time
PCR

3.4 Amount of Different Phytochelatins (by HPLC)

The results obtained from carrying out HPLC clearly implied that copper treatment
stimulated the biosyntheses of Phytochelatin 2, 3, 4, 5, and 6 in the brinjal plants.
About 800 μM Cu-treated samples showed the highest content of Phytochelatins 2,
4, 5, and 6; Phytochelatin 3, being the exception showed maximum concentration in
500 μM Cu-treated samples (Figs. 8 and 9).

Fig. 8 HPLC chromatogram of phytochelation
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Fig. 9 Amount of PC2, PC3, PC4, PC5, PC6, respectively, under different dosedof copper treatment

4 Discussion

Copper (Cu) is an essential trace element used as a micronutrient. Metal toxicity
affects plant metabolism, growth, and development at various levels both directly
and indirectly. Copper being an essential micronutrient plays a major role in photo-
synthesis, respiration, nitrogen fixation, proteinmetabolism, antioxidant activity, etc.
Plants always maintain low copper concentration within the cell because at higher
concentration it acts as a stress factor and generates high amount of reactive oxygen
species (ROS) (Yruela 2005). Although copper acts as catalytic component of many
enzymes, excess accumulation is cytotoxic and hence causes stunted growth and high
rate of lipid peroxidation (Díaz et al. 2001). Excess copper causes toxicity; affects
both terrestrial and aquatic life. Cu in excess is found to have genotoxic effects too,
on plants. As effluents from metallurgical industries, copper smelters, that goes into
the water bodies and agricultural fields. Metallothionein combats oxidative stress
induced by not only heavy metals but also ionizing radiation like gamma rays, X-
rays, heat shock, cold stress, drought, salinity, and biotic stress. Phytochelatins, on
the other hand, are involved in nullifying oxidative stress induced by heavy metals
only. Plant metallothionein is a stress-inducible protein, with antioxidant activities.
Copper causes oxidative stress as evident from the biochemical assays. Plant metal-
lothionein is a stress-inducible protein, with antioxidant activities. It is quite evident
from the biochemical assays that the copper treatment has caused oxidative stress in
brinjal plants. Metallothionein with the help of its antioxidative activity can protect
the seedlings from the Cu-induced oxidative stress. The increase in the MT2 gene
expression in both semiquantitative and quantitative PCR techniques proved that the
proteinMT2 is protecting the plant against the oxidative stress induced by copper and
is acting as a nonenzymatic antioxidant. About 800μMCuCl2 is the highest dose that
the plants can withstand. On the other hand, further increasing the dose to 1000 μM,
a sudden drop in the expression of MT2 gene was observed. PCs are more efficient
heavy metal chelators and detoxifiers compared with the MTs in higher plants and
bind more heavy metals on per cysteine residue basis. These results clearly showed
MT and PCwork in a coordinated manner to detoxify heavy metals such as copper in
brinjal. Hence, this study on one hand would give a clear idea about the mechanism
phytoremediation of heavy metals by plants and also would be beneficial for human
health.
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Optimization of Process Parameters
for Biodegradation of Resorcinol
in Presence of Toxic Heavy Metals
by Response Surface Methodology (RSM)

Sonali Hazra Das, Ayimyaba R. Longkumer, Rayanee Chaudhuri,
Srabanti Basu, Sudipta Dey Bandyopadhyay, and Bhaswati Chakraborty

Abstract Environmental pollution is caused by industrial effluents releasing toxic
phenolics like phenol, cresol, resorcinol, etc. along with various heavy metals to the
environment. It is difficult to degrade these pollutants by common soil microflora and
persists for a long time in nature causing environmental pollution and adverse health
conditions. Thus the objective of the present work is to study the biodegradation of
resorcinol by a mixed bacterial culture isolated from the soil near to the outer limit
of effluent discharge of tannery. The mixed bacterial culture was acclimatized to
resorcinol by gradually increasing the concentration of resorcinol in the MS media
to 500 mg/L. A batch kinetic study was carried out for the degradation of 500 mg/L
of resorcinol by the mixed bacterial culture in the presence of different toxic heavy
metals such as Mercury (Hg), Lead (Pb), and Chromium (VI) in concentrations of
5 ppm, 25 ppm, and 50 ppm. Removal efficiency of resorcinol in 20 h in presence
of mercury was 44%, for lead was 68.8%, and for chromium (VI) was 86%. Opti-
mization of the process parameters of the present system was done by Response
Surface Methodology using DesignExpert11.0 software. The various physicochem-
ical parameters viz. aeration (with/without) and concentration of the toxic metals
were optimized for maximum degradation of resorcinol and removal efficiency of
resorcinol. Removal efficiency of resorcinol as obtained under optimized conditions
was 90.82%.
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1 Introduction

Aromatic compounds are abundant in nature and have profound effect on environ-
ment. Among various aromatic compounds, phenolic compounds like phenol, cresol,
resorcinol, etc. are present in the effluents of various industries including petrochem-
icals, coal coking, coal gasification, tanneries, etc. (Nasr et al. 2007). To maintain
ecological balance, it is essential to reduce the concentrations of the above-mentioned
pollutants to acceptable level. Industrial effluent consists not only of resorcinol but
also significant quantity of toxic heavy metals (Tüfekci et al. 2007). Hence, it is
necessary to check the removal of resorcinol by mixed bacterial culture in presence
of heavy metals. Present study deals with the removal of resorcinol in the presence of
different toxic heavy metals such as Mercury (Hg), Lead (Pb), and Chromium (VI)
in concentrations of 5 ppm, 25 ppm, and 50 ppm by amixed bacterial culture isolated
from the soil of the outer limit of a tannery effluent discharge. Biodegradation usually
involves the complete mineralization of the starting compound to simpler ones like
CO2,H2O,NO3

−, and other inorganic compounds.Moreover, it has the advantages of
being economic, eco-friendly and can be easily operated and scaled up (Chakraborty
2016). Chemical methods include stripping, solvent extraction, chemical oxidation,
and coagulation. Though these methods are quite effective in removing pollutants
from industrial effluent but are expensive and often cause disposal problem of toxic
sludge generated. The chemicals used in the process may also cause secondary pollu-
tion problem. Physical method such as adsorption by activated charcoal could yield
various toxic intermediates (Laura et al. 2016). While biodegradation does not suffer
from the above-mentioned restrictions of the physicochemical methods, literature
review shows that there are a limited number of microorganisms, especially bacteria,
with the capability of aerobic degradation of resorcinol.

It has been observed that bacteria consortium is alwaysmore effective in removing
various organic pollutants as compared to a pure strain. In a mixed culture, one
microorganism may produce needed growth factors beneficial to a second microor-
ganism. It may alter the pH of the medium, thereby improving the activity of one or
more enzymes needed for biodegradation of the pollutant. Mixed cultures are able to
bring about multistep transformations that would be impossible for a single microor-
ganism. If the environmental conditions are maintained, it is easy to grow a mixed
culture indefinitely and carry out repeated subculturing (Das and Chandran 2011).
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2 Materials and Methods

2.1 Isolation of Mixed Bacterial Culture from Soil

10 g of the soil sample was collected from the outer limit of effluent discharge point
of tannery. The soil, which was rich in microbial diversity, was suspended in 0.8%
saline water and kept in a shaker overnight at 35 °C. The soil suspension was then
centrifuged and the supernatant consisting of mixed bacterial culture was added
to nutrient media. The culture was grown in the nutrient broth for 24 h at 35 °C.
100 ml of MS (Mineral salt) media was prepared and was inoculated with 10% of the
culture from nutrient broth. Composition of the MS media (mg/L) was (KH2PO4:
680, K2HPO4: 1730, FeSO4: 30, (NH4)NO2: 100, MgSO4: 100, CaCl2: 20, MnSO4:
30). The mixed bacterial culture was allowed to grow in the MS media for 24 h with
glucose as the sole carbon source.

2.2 Acclimatization of Mixed Bacterial Culture in Resorcinol

100ml ofMSmedia containing 1% glucose and 10 ppm of resorcinol was inoculated
with 10ml of the culture from the above bacterialmedia. The resorcinol concentration
was gradually increased from10 to 500ppmandglucose concentrationwas decreased
till resorcinol became the sole source of carbon for the bacterial consortium. The
mixed bacterial consortium was allowed to grow in shaker at 100 rpm at 35 °C
till stationary phase of the cells was reached or concentration of residual resorcinol
dropped to below detection limit. Samples were collected at regular interval and
cell biomass and residual resorcinol concentration were checked. The cell mass was
obtained by spectrophotometer (Labman visible spectrophotometer LMSP V320)
by measuring the absorbance at 600 nm. From the standard curve of A600 against
bacterial dry cell biomass (mg/ml), the cell O.D. was converted to dry biomass
of bacteria. Residual resorcinol concentration was analyzed from the supernatant
obtained by centrifugation of the above culture at 6000 rpm for 5 min. The resorcinol
in the supernatant was checked by antipyrine assay. The absorbance of the above
assay was checked at 490 nm.

2.3 Batch Kinetic Study of Removal of Resorcinol
by the Mixed Bacterial Culture in Presence of Different
Toxic Metals

Removal of resorcinol bymixed bacterial culture was studied in presence of different
toxic metals such as Mercury (Hg), Lead (Pb), and Chromium [Cr (VI)]. MS Media
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containing 500 mg/ml of resorcinol as sole carbon source for bacteria was prepared.
Then each metal at different concentrations (5 ppm, 25 ppm, and 50 ppm) was
added to separate flasks. Cell growth and resorcinol removal were measured and
the maximum cell growth, maximum specific degradation rate, and percentage of
removal efficiency were calculated for each run.

2.4 Optimization of Process Parameters for Removal
of Resorcinol in Presence of Toxic Heavy Metals

The optimization of the process parameters for removal of resorcinol in presence of
toxic heavy metals was done by Response Surface Methodology by using Design-
Expert 11.0 software. The variable experimental parameters chosen were different
concentrations of metals (Cr (VI), Hg, and Pb) and aeration condition. A set of forty
experiments with varied values of process parameters were suggested by the soft-
ware according to which the experiments were conducted. The resorcinol removal
efficiency was measured for each run. This response was studied and analyzed by the
software to predict the optimum operating conditions. All experiments were carried
out for 24 h at 35 °C.

3 Results and Discussions

3.1 Kinetic Study of Growth of Bacteria in Presence
of Resorcinol and Different Heavy Metals

From Fig. 1a–c, it was observed that the growth rate of bacteria was found to increase
with the concentration of chromium (VI). This was probably because of the presence
of chromium reductase in the bacterial system, which reduced Cr (VI) to less toxic
form of Cr (III) (Anyanwu and Ezaka 2011; Focardi et al. 2013). Bacterial growth
rate was found to increase with the increase of mercury concentration from 5 to
50 ppm due to bioaccumulation of mercury and production of methylated mercury
(MeHg) by the bacterial consortium (Kucharzyk et al. 2015). Growth rate of the
bacteria was found to remain same with the increase of lead concentration (Mishra
and Mishra 2015).

From Fig. 2 it was noted that chromium (VI) and mercury in the media had
enhanced the growth of bacteria while lead had interfered with the above process.
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Fig. 1 a Growth curve of mixed bacterial culture in resorcinol in presence of 5 ppm of different
metals. b Growth curve of mixed bacterial culture in resorcinol in presence of 25 ppm of different
metals. c Growth curve of mixed bacterial culture in resorcinol in presence of 50 ppm of different
metals

Fig. 2 Growth curve of mixed bacterial culture in resorcinol and in presence and absence of heavy
metals

3.2 Kinetic Study of Removal of Resorcinol in Presence
of Different Heavy Metals

From Fig. 3, degradation of resorcinol by mixed bacterial culture was maximum in
presence of chromium (VI) as compared to the other metals. Moreover, resorcinol
remediation was found to increase with the increase in chromium (VI) concentration.
Thus it can be inferred that resorcinol acted as an electron donor for reduction of
chromium (VI) (Shen andWang 1995). Rate of resorcinol degradation in presence of
mercury in the media was least in comparison to other two metals. The removal rate
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Fig. 3 a Degradation profile of resorcinol by mixed bacterial culture in presence of 5 ppm of
differentmetals.bDegradation profile of resorcinol bymixed bacterial culture in presence of 25 ppm
of different metals. c Degradation profile of resorcinol by mixed bacterial culture in presence of
50 ppm of different metals

remained the same when the mercury concentration was increased from 5 to 50 ppm,
which stated that mercury in the growth media did not have much effect in resorcinol
metabolism of bacterial consortium. Degradation rate of resorcinol was found to
decrease slightly with the increase in lead concentration in the media, showing the
interference of the metal with resorcinol degradation (Das and Chandran 2011).
From Fig. 4, it can be observed that rate of biodegradation of resorcinol increased in
presence of heavy metals.

Fig. 4 Degradation profile of resorcinol by mixed bacterial culture in presence and absence of
heavy metals
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3.3 Comparative Study of Maximum Specific Growth Rate
of Mixed Bacterial Consortium, Maximum Specific
Degradation Rate of Resorcinol, and Removal Efficiency
of Resorcinol in Presence of Heavy Metals

FromFig. 5, it was observed that themaximum specific growth rate (µmax) of bacteria
in presence of chromium (VI) and mercury (Hg) increased with the increase in the
concentration of these heavy metals, showing it’s positive effect on the growth of
bacteria. Lead (Pb), on the other hand, showed constantµmax with the increase in lead
concentration, showing its negligible effect on the growth of bacteria. Among the
three metals, chromium (VI) in the culture medium has showed maximum specific
growth rate of bacteria.

Figure 6 stated that the maximum removal rate of resorcinol by mixed bacterial
culture was observed in presence of 5 ppm of chromium (VI) concentration. The
removal rate in presence of mercury and chromium (VI) decreased with the increase
in their respective concentrations, whereas conditions got reversed when lead was

Fig. 5 Maximum specific growth rate of bacteria in presence of different heavy metals

Fig. 6 Maximum specific removal rate of resorcinol in presence of different concentrations of
heavy metals
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Fig. 7 Removal efficiency of resorcinol by mixed bacterial culture in presence of different
concentrations of heavy metals

added in the medium at increasing concentrations. So it can be inferred that lead may
abet removal rate of resorcinol (Kortesha and Vidyasagar 2007) (Fig. 7).

Removal efficiency of resorcinol by the mixed bacterial culture was found to
increase with the increase in the chromium (VI) concentration and was observed to
be maximum in presence of 50 ppm chromium (VI) in the media (Fig. 10), whereas
removal efficiency in presence of mercury and lead showed insignificant change with
the increase in the concentration of the above metals.

3.4 Optimization of Process Parameters Using Response
Surface Methodology

Four experimental parameters such as Cr (VI) concentration, Pb concentration, Hg
concentration, and condition of aerations were taken as input variables in Response
Surface Methodology and percentage removal efficiency of resorcinol was chosen
to be the response or output. DesignExpert 11.0 software analyzed the output and
suggested linear model to be the best fit one. The model F-value of 48.70 implied the
modelwas significant. Therewas only a 0.01%chance that anF-value this large could
occur due to noise. P-value less than 0.05 indicated model terms were significant. In
this case, P-value had been found to be <0.0001 (Figs. 8 and 9).

In unaerated condition and at constant mercury concentration, removal efficiency
of resorcinol by mixed bacterial culture was found to increase with the increase of
chromium (VI) concentrations, with a maximum removal efficiency of 48%. Resor-
cinol remediation was seen to remain unchanged with the increase in lead concentra-
tion in the culture media. This might be due to the presence of chromium reductase
in the bacteria which was able to convert chromium (VI) to chromium (III) (Fig. 10).

Similar observations had been seen in presence of chromium (VI) and mercury.
Removal of resorcinol was more in presence of chromium (VI) as compared to
mercury. Degradation of resorcinol increased with the increase of chromium (VI)
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Fig. 8 Screenshot of experimental design by the DesignExpert software 11.0 and its response
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Fig. 9 3D surface view of removal efficiency of resorcinol versus Pb and Cr (VI) concentrations
at constant Hg concentration without aeration

Fig. 10 3D surface view of removal efficiency of resorcinol versus Hg and Cr (VI) concentrations
at constant Hg concentration without aeration

concentration in the media. However, increase in the concentration of mercury
showed negligible changes in the removal of resorcinol.

When resorcinol removal optimization studies were done with external aeration
by MBC in presence of chromium (VI) and lead or chromium (VI) and mercury, the
maximum removal efficiency was found to be 90.8%. It could also be inferred from



Optimization of Process Parameters for Biodegradation … 369

Fig. 11 3D surface view of removal efficiency of resorcinol versus Pb and Cr (VI) concentrations
at constant Hg concentration under aerated condition

Fig. 11 that removal efficiency of resorcinol with aeration was almost twice than
that without aeration. This was probably because continuous supply of air leads to
increased growth rate of bacteria by enhancing the bacterial metabolic rate. Proper
aeration was necessary for the bacteria to degrade resorcinol completely to carbon
dioxide and water. In absence of oxygen, the process would become slow leading
to incomplete mineralization of resorcinol. Turbulence caused by air might lead to
uniform circulation of nutrients to the entire bacterial culture. The above observations
showed that most of the species in the mixed bacterial culture in the present study
were aerobic in nature (Malovanyy et al. 2016) (Fig. 12).

The Predicted R2 of 0.7933 was in reasonable agreement with the Adjusted R2 of
0.8303, i.e., the difference was less than 0.2 (Fig. 13).

The optimum removal efficiency could be predicted by the followingmathemat-
ical models:

For no aerated condition:

Removal efficiency = 44.028 + 0.103 ∗ Cr(VI) concentration

− 0.01363 ∗ Pb concentration

+ 0.002546 ∗ Hg concentration
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For aerated condition:

Removal efficiency = 86.22656 + 0.1030 ∗ Cr (VI)concentration

− 0.013630 ∗ Pb concentration

+ 0.002546 ∗ Hg concentration

The optimum process parameters were 50 mg/l of Cr (VI), 50 mg/l of Pb, and
50 mg/l of Hg concentration under aerated condition. Maximum removal efficiency
for the above design was found out to be 90.83%.

Fig. 12 3D surface view of removal efficiency of resorcinol versus Hg and Cr (VI) concentrations
at constant Hg concentration under aerated condition

Fig. 13 Screenshot of the maximum removal efficiency of resorcinol as predicted by DesignExpert
11.0 for the given model
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4 Conclusions

Mixed bacterial culture (MBC) in the present study was grown in a media containing
resorcinol as the sole carbon source in presence of heavy metals (Cr (VI), Pb, and
Hg). Chromium (VI) and mercury in the media had enhanced the growth of bacteria
while lead had interfered with the above process. Growth of mixed bacterial culture
was found to be maximum in the presence of Chromium (VI) in the media.

It was also observed that rate of biodegradation of resorcinol increased in presence
of heavy metals. Removal efficiency of resorcinol by the mixed bacterial culture was
found to be maximum in presence of 50 ppm chromium (VI) in the media, followed
by lead and mercury.

The optimum process parameters as obtained from DesignExpert 11.0 were
50 ppm of Cr (VI), 50 ppm of Pb, 50 ppm of Hg under aerated condition. The
optimum removal efficiency as obtained by the above design was 90.83%.
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An Environmentally Benign Green
Approach for the Reduction of Graphene
Oxide by Apple Extract: Spectroscopic
and Thermal Interpretation

Shweta Mitra, Saswata Bose, and Mehabub Rahaman

Abstract A simple, effective, and environmentally benign approach for the reduc-
tion of graphene oxide (GO) using apple juice as a reducing agent has been reported in
this work. The advantage of this approach is that it eliminates the need for using toxic
reducing agents or external stabilizers to carry out the chemical reduction of GO.
The reduction, mediated by the extracted maleic acid from apple juice, was found to
take place under mild conditions in the aqueous medium. The formation of layered
graphitic structure and random orientation of graphene was confirmed by X-ray
diffraction study. Appearance of a broad band at 24.9°, corresponds to d-spacing of
~0.342 nm) elucidates successful reduction. Successful reduction of GO was further
confirmed by UV–visible spectroscopy. The plasmon peak at 230 nm has been red-
shifted to 263 nm corroborating the electronic conjugation inMRGOnanosheets was
restored. Raman spectroscopy revealed the formation of graphenewith defects. Since
the method proposed is economical, it can be used for the large-scale production of
reduced GO.

Keywords Graphene · Apple extract · Reduction

1 Introduction

Graphene with its two-dimensional structure, high surface area, Young’s modulus,
thermal conductivity, and optical transmittance besides its chemical stability has
been at the forefront of research in the field of nanoscience and technology over the
past decade (Chabot et al. 2014). These unique properties of graphene have led to its
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application in a variety of different branches such as lithium-ion batteries (Wu et al.
2010), supercapacitors (Bose et al. 2017a, b), electronic devices (Guo et al. 2010),
tribology (Eswaraiah et al. 2011), and fillers for nanocomposites (Bose et al. 2017a,
b, 2018, 2019). Therefore, huge requisition for graphene and its peaking cost of large-
scale production demands substantial reduction in the production cost associatedwith
it. Compared to the preparation of graphene from graphite using various mechanical
routes (Dikin et al. 2007), the reduction of graphene oxide (GO) offers a promising
alternative for the mass production of graphene. Properties of the reduced graphene
oxide (RGO) are affected by the characteristics of the GO used in the synthesis step
(Subrahmanyam et al. 2009). The reduction of GO via electrochemical (Raj and John
2013), thermal (Liu et al. 2013), and photocatalytic (Akhavan 2011) routes have been
explored in recent times. However, each of the afore-mentioned processes has major
drawbacks, for example, electrochemical methods fail to remove inherent defects
present inGOaswell as lead to the formation of stable ether or carbonyl groupswhich
are tough to eliminate (Aunkor et al. 2016).Moreover, the thermal and photocatalytic
pathways are associated with complex multistep mode of operation and requirement
of specially designedmaterials that can withstand uninterrupted ultraviolet radiation,
respectively. These limitations coupled with the relatively fast and flexible nature of
the chemical mediated reduction of graphene, researchers have widely regarded it as
the easiest and most prudent route for the production of graphene with interesting
morphological features (Low et al. 2015). Since the reduction of GO by chemical
methods (hydrazine, NaBH4, hydroquinone, etc.) involves the problems associated
with the production and disposal of toxic waste streams, researchers have turned
their attention toward the conversion of GO to RGO by employing environmentally
benign reducing agents. However, the reduction of GO via non-toxic routes involves
reducing agents that are expensive, scarce, and prone to degradation during storage
(Aunkor et al. 2016; Low et al. 2015). In the span of the last few years research efforts
have been directed toward the identification and effectiveness of such green sources
that can successfully reduce GO without interfering with the inherent structural
properties. Previous works have shown the reduction of GO can be carried out using
coconut water, clove extract, tea polyphenol, amino acids, pomegranate juice, and
spinach extract as highlighted in some excellent review papers (Aunkor et al. 2016;
De Silva et al. 2017). In this work, we have used the extract of apple (Maluspumila)
to carry out the reduction of GO in aqueous medium. It is expected that the malic acid
present in the apple extract will facilitate the reduction of GO as well as preventing
the agglomeration of graphene into the pristine graphitic structure. The advantage of
this process compared to other chemical reducing agents is the easy availability of
the precursor involved and overall environmental consequences.
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2 Experimental

2.1 Materials

All chemicals were of analytical grade and were used without further purification.
Natural graphite flakes (LobaChemie) were used as the precursor for GO. Sulfuric
acid (about 98%), hydrochloric acid (about 37%), and hydrogen peroxide (about
35%) were purchased fromMerck. Potassium permanganate (KMnO4) (Merck) was
used as an oxidizing agent during the preparation of GO. Apples were purchased
from a local market in Jadavpur, India.

2.2 Synthesis of GO

In the synthesis of GO the modified Hummers’ method (Hummers and Offeman
1958), a weighed amount of natural graphite flakes was dissolved in concentrated
H2SO4 in a round bottom flask placed in an ice bath at 0–5 °C (ice bath). Measured
quantity of KMnO4 was added slowly to the magnetically stirred mixture to avoid
chances of explosion. The flask containing the reaction mixture was then put in an
oil bath at 50 °C and stirred for 8 h, followed by the addition of deionized and stirring
for further 2 h. 35% H2O2 was added dropwise to the mixture turning it brown to
bright yellow. The excess of manganese salts was neutralized using a dilute solution
of hydrochloric acid (5% v/v). A brown colored dispersion of GO was obtained in
water. Finally, the GO dispersion was repeatedly washed using double distilled water
till the pH of the mixture became neutral.

2.3 Reduction of GO by Apple Juice

To remove impurities, the apples were first washed with double distilled water a
juicer (Bajaj Majesty 400-W Juice Extractor) was used to extract the juice. The juice
was twice filtered using 0.2 μm Whatman Filter paper. Finally, in order to remove
any heavy particles that may have still remained in the filtrate and centrifuged (Remi
R-8C plus) at room temperature at 6000 rpm for 7 min to use the supernatant as the
reducing agent. In a typical experiment, weighed amount of GO was dispersed in
double-distilled water and exfoliated using an ultrasonic bath (Labman Instruments)
which exhibited stability over a long time period. For reduction, fixed volumes of the
exfoliated GO dispersion and apple extract taken in a round bottom flask were placed
in an oil bath and refluxed at 90 °C while being continuously stirred at 350 rpm for
48 h. Visible changes in the color from the brown color of GO dispersed in water
to black marked the end of the reaction. The product was washed copiously using
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double distilled water till the pH of the mixture became neutral. Finally, it was dried
in a vacuum oven at 60 °C and referred to as MRGO.

2.4 Measurements and Characterizations

The GO and MRGO were dispersed in water and sonicated for 30 min in an ultra-
sonicator (Labman Scientific Instruments) to ensure their dispersion in the solvent.
The dispersed samples were then analyzed using UV–Vis spectroscopy (Perkin-
Elmer Lamda 8000). X-ray diffraction (XRD) studies were carried out at room
temperature at a scan rate of 5°/min (Bruker D8 Advance) with Cu-Kα targets (λ =
0.154 nm). Raman spectra of the prepared GO and MRGO samples were performed
on a RamanMicroscope (WItec Alpha 300R) in the range of 500–3000 cm−1 using a
He–Ne laser beam. Thermogravimetric analysis (TGA) was carried out at a heating
rate of 5 °C/min from 50 to 600 °C in air. X-ray photoelectron spectroscopy (XPS)
was carried out in PHI 5000 Versa Probe III using Al-Kα X-ray source.

3 Results and Discussion

3.1 XRD Analysis

XRD spectra of MRGO in the range of 2θ from 5° to 45° are shown in Fig. 1. In the
XRD pattern of MRGO, a broad band has appeared at 24.9° (d-spacing≈ 0.342 nm).
However, as observed in the earlier studies by Bose et al. (2012) GO showed a sharp
peak at 11.02° with corresponding d-spacing of around 0.7997 nm. This shift in the
d-spacing can be ascribed to the successful reduction of the GO and formation of
graphitic structures. Decrement in interlayer spacing as compared to GO indicates

Fig. 1 X-ray diffraction
pattern of MRGO
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the removal of oxygen functionalities resulting in exfoliation of the layers inMRGO.
The d-spacing of MRGO is considerably lower than that of GO but slightly higher
than that of well-ordered graphite (0.3397 nm), implying reduction of GO. The
appearance of the broad band is suggestive of the fact that the graphene flakes are
randomly oriented in the stacking direction.

3.2 Raman Spectra Analysis

Raman spectroscopy is sensitive to the electronic configuration of “C=C” which
exhibits high Raman intensities and therefore it is an important characterization tool
of graphitic materials. The results of the Raman spectroscopy of GO and MRGO are
shown in Fig. 2a, b. The spectra of pure GO (Fig. 2a) exhibited a relatively broad
G-band centered at 1582 cm−1 that originated from the first-ordering scattering of
the E2g vibration mode of sp2 carbon atoms and a prominent D-band at 1355 cm−1

due to the breathing mode of k-point photons of A1g symmetry (Bose et al. 2017a,
b). The results suggested that the C-sp2 character of graphite flakes was significantly
reduced upon oxidation in addition to the introduction of defects in the GO sheets.
The ratio of the intensity of the D-band to G-band was found to be almost similar
both in case of GO (ID/IG = 0.99) and RGO (ID/IG = 0.98). The trend in the
ID/IG ratio suggested that the GO and MRGO had similar defect density within
their structure. In case of MRGO, the D-band shifted slightly to 1585 cm−1 while
the G-band shifted to 1349 cm−1. The change in peak position inferred the change
in chemical atmosphere indicating that the apple extract could act as a reducing
agent. The most important observation is that the appearance of 2D band for RGO
at 2690 cm−1 (Fig. 2b). The appearance of weak 2D band in the Raman spectrum
of MRGO ascribed to the second-order of the zone-boundary phonons generated
by the double resonance Raman scattering with two-phonon emission. Generally,
single Lorentzian peak fitting for the 2D band implies the formation of single-layer
graphene at 2679 cm−1. However, if the afore-mentioned 2D peak is broadened and

Fig. 2 Raman spectrum of a GO and bMRGO (Lorentzian fitting of the 2D band is shown in the
inset)
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shifted to a higher wavenumber, then we can infer that multilayer graphene is formed
(Bose et al. 2012). In our current study, the 2D band is fitted with more than one
Lorentzian function (shown in inset of Fig. 2b) and also the peak position is shifted
toward higher wavenumber (2690 cm−1). The band at 2690 cm−1 was absent in the
spectra of GO suggesting the formation of a multilayered graphene (Ferrari 2007).

3.3 Thermogravimetric Analysis (TGA)

Figure 3 shows the TGA plots of pure GO and RGO. It can be seen from the TGA
curve of GO that there is a significant weight loss at 100 °C which can be attributed
to the elimination of the intercalated water molecules as well as the evaporation
of adsorbed water from the surface of GO. The degradation occurring at 180 °C
was due to the removal of the oxygenated functional groups while the pyrolysis of
the carbon backbone and residual oxygen-containing functional groups led to the
degradation at 400 °C (Jeong et al. 2009). At 520 °C pure GO experienced a weight
loss of 68.7% while the weight loss for the prepared MRGO was found to be 45.1%.
Therefore, the results from the TGA analysis suggested that the majority of the
reactive oxygenated moieties were absent in MRGO and thus confirming the partial
but successful reduction of GO using apple extract. It is worth mentioning that our
results are in close agreement with previous research concerning the reduction of GO
using wild carrot root (Kuila et al. 2012) where it was found that refluxing favored
the reduction of GO to RGO.

Fig. 3 TGA of GO and
MRGO in air
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Fig. 4 UV–Vis spectra of a GO and b MRGO

3.4 UV–Visible Spectroscopy

Figure 4a, b shows the UV–vis spectra of the dispersions of GO and RGO in
aqueous medium. The GO spectra revealed two characteristic features: the first a
broad shoulder at 300 nm has been assigned to the n-π* plasmon transition due to
the presence of epoxide and acid groups. The second characteristic was the peak at
230 nm due to the π-π* transition of the C=C bonds which is similar to the values
reported in literature (Mei et al. 2010). After reduction, the plasmon peak at 230 nm
has been red-shifted to 263 nm corroborating an increase in π-electron density or in
other words the electronic conjugation in MRGO nanosheets was restored to some
extent. The results were in line with previously reported results concerning the reduc-
tion of GO by ascorbic acid (Zhang et al. 2010) andHibiscus sabdariffa L. (Chu et al.
2014).

3.5 X-ray Photoelectron Spectroscopy (XPS)

To further exemplify the reduction, the binding energy was characterized using XPS
to examine the removal of the oxygenated functional groups. FWHMs of GO and
MRGO were shown in Fig. 5a, b, respectively. The reduction in peak intensity of
O-1s in the XPS spectrum of MRGO (Fig. 5b) as compared to the FWHS spec-
trum of GO (Fig. 5a) suggests the successful reduction employing apple extract.
Figure 5c, d shows the deconvoluted C-1s XPS patterns of GO and MRGO, respec-
tively (Chu et al. 2014). The deconvoluted spectrum of GO contains four major peaks
centered at 284.2, 286.2, 288.0, and 289.1 eV corresponding to the C–C/C=C bond
in the aromatic rings, C–O, C=O, and O=C–OH bonds, respectively. However, upon
reduction with apple extract, the slight shifting of the peak positions along with the
noteworthy reduction in the peak intensities can clearly be attributed to the removal
of oxygen moieties. Moreover, the peak at 289.1 eV, due to the presence of –COOH
group, has been observed to diminish completely after reduction.
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Fig. 5 FWHM X-ray photoelectron spectrum of a GO; b MRGO; c deconvoluted C-1s XPS
spectrum of GO; and d deconvoluted C-1s XPS spectrum of MRGO

4 Conclusion

A green and environmentally benign approach has been described for the reduction
of graphene oxide using apple juice extract. The reduction was carried out under
reflux at 90 °C in aqueous medium. XRD of the final reduction product suggested
the formation of few layers of graphene. The restoration of the sp2 network and
the introduction of defects into the GO and RGO during the course of the reaction
was substantiated by Raman spectroscopy. The reduction in weight loss for RGO
compared to GO also supported the de-oxygenation that took place during reduction.
TheUV–vis spectroscopy further confirmed the reduction.Thebenefits of using apple
juice extract as a reducing agent compared to conventional chemicals are the green,
economical, and straightforward approach.
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Performance and Kinetic Studies
of Dairy Effluent Using Mixed Culture
in a Suspended Growth Batch Reactor

Dipankar Raha, Pradyut Kundu, and Somnath Mukherjee

Abstract A batch kinetic study was performed for examining potential application
of microbial culture, for organic carbon oxidation, nitrification and denitrification
from simulated real-life dairy wastewater. After necessary characterization of waste
samples, it was found that SCOD, NH4

+–N and NO3
−–N were within the range

of 1116.7–1361.2, 41.4–58.13 and 19.75–23.96 mg/L, respectively. Time concen-
tration study showed that after 24 h of contact time, 93.80–97.30% reduction of
SCOD, 80.27–90.99% reduction of ammonia nitrogen (NH4

+–N) and 93.09–93.65%
reduction of nitrate–nitrogen (NO3

−–N) were achieved respectively in a separate
suspended growth batch reactor. The kinetic constants for SCOD removal, nitrifica-
tion and denitrification also evaluated from the results of batch study using Monod
equation and Lineweaver–Burk plot for designing of a suitable pilot-scale bioreactor
for treatment of real-life dairy wastewater.

Keywords Dairy wastewater · Suspended growth batch reactor · SCOD
reduction · Nitrification · Denitrification · Kinetic coefficient
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1 Introduction

The milk production unit and dairy plant emanate high volume of wastewater
containing formidable amount of organics and nitrogenous substances (Tripathi and
Upadhyay 2003). It is reported that dairy industry releases on an average of 0.2–10 L
of effluent per litre of milk processing (Vourch et al. 2008). Wastewater emanates
such plants contain high level of suspended solids, BOD, COD, nitrogen, oil, fat,
grease contents along with varied pH levels due to different cleansing strategies,
which necessitates a special treatment to minimize the environmental problems.

Ahigh degree ofwastewater treatmentwould be accomplished before its discharge
in water environment to maintain ecological harness. Biological treatment is one of
the alternative options for treatment of above wastewater because of high soluble
BOD, high COD concentration and proven reliable processing technology. Further-
more, resulting end products emerge from this process are innocuous in nature.
Biological treatment methods for treating dairy wastewater are advocated by Kargi
and Dincer (1997) containing multi-substrates such as COD, N and P. The aim of the
study was to perform a laboratory scale batch experiment to treat dairy plant effluent
emphasis as COD and nitrogen removal to estimate kinetic constant using Monod’s
equation for designing reactor for a real-life application.

2 Materials and Methods

2.1 Seed Acclimatization

A glass cylinder of 1000 mL capacity was taken as an acclimatization unit. A non-
acclimatized seed from nearby small-scale dairy industry was collected and mixed
with waste samples and necessary air was supplied continuously with the help of
small compressor unit. Seed acclimatization phase was continued for 2 months and
considered to be complete when a steady performance was noted for a consistent
COD removal and growth of biomass.

For acclimatization of nitrifiers, a separate synthetic solution was prepared in
a cylinder of 1.0 L capacity, in which NH4Cl and (NH4)2SO4 of concentration of
0.10 g/L and 0.05 g/L, respectively, were added as nitrogen source to stimulate the
appropriate environmental conditions.Necessary aerationwas accomplished through
a small compressor unit. pH within the cylinder was kept in the range of 7.5–8.0 by
the addition of necessary doses of 0.1 N sodium bicarbonate (NaHCO3) solution.

The denitrifying sludge was collected from a anaerobic digester unit. A separate
denitrifying unit was employed, i.e. an aspirator bottle, kept on a magnetic stirrer, for
mixing well in absence of oxygen. The seed was acclimatized by adding potassium
nitrate (KNO3) having NO3

−–N concentration of 10–30 mg/L for a time period of



Performance and Kinetic Studies of Dairy Effluent Using Mixed Culture … 385

2 months. The pH value was maintained as 7.5–8 by adjusting with exact amount of
acetic acid (0.01 N). During this acclimatization phase, biomass growth was noticed
by checking SVI and also by gas formation aspect, which indicated that the biomass
was in active stage.

2.2 Collection of Field Sample

Real-life dairy wastewater sample was also collected from a local dairy processing
unit. Besides packaged milk, this dairy unit also produces curd, lassi, paneer butter-
milk and ghee. The plant produces effluent with flow rate of 90–100 m3/d on daily
average basis. Effluents were collected six times in different months during the study
phase. The samples were brought to the Civil Engineering Department Laboratory,
Jadavpur University and kept in a sample preservation unit at a temperature of 4 °C.
Each sample was tested for the characterization of parameters viz. pH, alkalinity,
DO, MLSS, SCOD, NH4

+–N, NO3
−–N as per ‘Standard Methods’ (APHA 1998).

2.3 Experimental Setup

The batch experiment for COD removal and nitrification was accomplished in plastic
beakers of 1000 mL capacity as the photographs shown in Fig. 1. Diffused aeration
systems were introduced for oxygen supply within the reactor. However, the batch
denitrification was carried out in an aspirator bottle of 2000 mL capacity (Fig. 2)

Fig. 1 Photograph for batch
reactor for COD removal and
ammonia nitrification
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Fig. 2 Photograph for batch denitrification

and kept over a magnetic stirrer for mixing well without any supply of oxygen and
wrapped with a black plastic sheet to devoid any light to pass through for preventing
any growth of algae.

3 Results and Discussion

3.1 Characterization of Dairy Wastewater

Analytical results on sample characterization are given in Table 1. The range of pH
lies between 8.18 and 8.32, which corroborates the range found in the literature
(Deshannavar et al. 2012). SCOD concentration was found between 1116.7 and
1361.2 mg/L, corroborating the finding of earlier researcher (Chaiudhari and Dhoble
2010). BOD5 of the dairy wastewater was found to be 788.6–898.0 mg/L that is
within the range, as observed by different other investigators (Pachpute et al. 2014).
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Table 1 Characterization of dairy wastewater (pre-treated)

Parameters Maximum Minimum Mean SD

SCOD (mg/L) 1361.2 1116.7 1240.63 100.14

pH 8.32 8.18 8.25 0.06

TSS (mg/L) 1850.0 1520 1680.00 134.91

TS (mg/L) 5380 4300 4882.50 451.84

BOD5 (mg/L) 898.0 788.6 828.25 48.66

Alkalinity (mg/L as CaCO3) 593.0 562.0 577.50 12.82

NH4
+–N (mg/L as N) 58.13 41.40 49.95 7.01

NO3
−–N (mg/L as N) 23.96 19.75 21.54 1.76

DO (mg/L) 1.60 1.20 1.40 0.18

3.2 Performance Evaluation of Batch Reactor

This study was conducted for exploring the removal kinetics of COD and NH4
+–N

with time, with the help of acclimatizing seed and also for determining the kinetic
constants for designing of a prototype aeration tank for treatment of real-life dairy
wastewater.

3.2.1 Time Course Study for Carbon Oxidation

The batch study was carried out with acclimatized seed and different initial MLSS
concentration of 913–1352 mg/L to reduce SCOD from an initial SCOD concen-
tration of 1250 ± 50 mg/L. Figure 3 represents the reduction of SCOD with time
at different MLSS concentrations and observed that SCOD concentration decreases
with time, for the activity of heterotrophic organic carbon oxidizing bacteria formain-
taining their metabolic energy and cell synthesis. The figure also demonstrated that
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Fig. 3 SCOD removal profile during carbon oxidation study in batch reactor for different initial
MLSS in the reactor [Initial SCOD concentration = 1250 ± 50 mg/L]
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+–N concentration = 50 ± 5 mg/L]

after 10 h of contact time, SCOD removal percentage is marginal and curve becomes
asymptotic in nature. After 24 h of contact period, the residual SCOD concentration
has been reduced to 50 ± 30 mg/L for all experimental sets.

3.2.2 Time Course Study for Nitrification

Nitrification study has been carried out in a plastic beaker of 1.0 L capacity for about
48 h. The results of the time-courseNH4

+–N removal study for different initialMLSS
concentrations are shown graphically in Fig. 4. The figure also demonstrates that the
ammonia nitrogen level found to be decreasing in nature for an initial value 50 ±
5 mg/L as N, after 24 h, the concentration was found low. The maximum percentage
of ammonia removal occurred within 16 h of reaction period, after that, the curve
becomes asymptotic nature.

3.2.3 Time Course Denitrification Study

The batch denitrification study was carried out in an aspirator bottle, an anaerobic
condition with acclimatized seed and different initial MLSS concentrations of 210–
370 mg/L for reduction of nitrate in wastewater having NO3

−–N concentration of 40
±2.5mg/L.The experimental results are plotted inFig. 5. Figure 5 shows that initially
some nitrate was there because thewastewater and the sludge already contained some
amounts of nitrate; however, assimilation of nitrate could be occurred when the
ammonia concentration was low during that time the nitrate converted to ammonia,
which was consumed for biomass growth. Initially, nitrite was predominant, after
some time when nitrite concentration reaches a high value, the oxidation of nitrite
took place through the activity of nitrobacter and nitrate was formed.Within 10–12 h,
maximum amount of nitrate was formed, after that time, the curve becomes nearly
horizontal, i.e. no significant accumulation of NO3

−–N has been occurred.
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3.3 Kinetics of Batch Reactor

Performance of any reactor would be properly evaluated and optimized by virtue of
evaluation of reaction kinetics.

3.3.1 Kinetics for Carbon Oxidation

A linear plot was drawn with respect to the results found from the kinetic study
with (1/S), reciprocal of final substrate concentration and (1/UC), as ordinate value,
reciprocal of specific substrate utilization rate. The graph is shown in Fig. 6. The
value of half velocity constant (Ks) obtained from a straight-line equation 1/UC =
[(Ks/k)(1/S)] + 1/k. The value of k is 14.49 per day, whereas Ks is 305.07 mg/L
for carbon oxidation kinetic. The values of (1/θ ), reciprocal of reaction time, were
again plotted with UC as shown in Fig. 7 to estimate the yield coefficient (Y ) and
endogenous decay coefficient (kd) by applying equation 1/θ = YUC − kd . The value
of Y is 0.509 mg of MLSS/mg of SCOD, whereas kd is 0.028 per day for carbon
oxidation kinetic.

3.3.2 Kinetics for Nitrification

The value of k is 23.25 per day, whereas the Ks is about 30.00 mg/L for nitrification
study as shown in Fig. 8. Ks value for nitrification was found to be high than the
standard values shown in Metcalf and Eddy Inc. (1991). The value of Y and kd for
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Fig. 7 Microbial growth kinetics for batch carbon oxidation [SCOD = 1250 ± 50 mg/L]

nitrification was found to be 0.273 mg of MLSS/mg of NH4
+–N and 0.052 per day,

respectively as shown in Fig. 9.

3.3.3 Kinetics for Denitrification

The experimental value of (1/UDN ), the reciprocal of NO3
−–N utilization rate were

plotted against (1/N ′), reciprocal ofNO3
−–Nbyusing equation 1/UDN = (Ks/k)(1/N′)

+ 1/k as shown in Fig. 10. The values of 1/θ were also plotted againstUDN as shown
in Fig. 11. The values of k, Y and kd were found to be 0.937 per day, Y0.898 mg
MLSS/mg NO3

−–N and 0.071 per day, respectively, for denitrification kinetics.
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4 Conclusion

Kinetic coefficients evaluated through experiments showed that the values were
corroborated with those obtained by earlier researchers. The batch study data exhib-
ited that both COD and nitrogen removal took place by the mixed bacterial culture
grown in the laboratory under aerobic and anoxic conditions. The constants to be
used for design of a practical aerobic reactor utilizing the kinetic values.
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Optimization of TiO2–KMnO4
Composites with Natural Dyes for Solar
Cell Application

Shyamal Datta and Subhasis Roy

Abstract Present study aimed to develop DSSC solar cell based on KMnO4–TiO2

composite active layer. To prepare KMnO4–TiO2 paste composite, the mixture of
KMnO4–TiO2 powders was dispersed into a binder (benzyl alcohol). Uniform films
ofKMnO4–TiO2 compositewere successfully prepared on the FTOglass substrate by
doctor blade method. Different weight percentages of 0, 2, 6, and 10 wt% of KMnO4

in TiO2 were prepared for thin-film deposition on FTO substrate. Then the extracted
natural dyes from Mirabilis Jalapa flower were successfully deposited on the coated
films that act as light-harvesting materials. Optical properties, surface morphology,
and crystal structure were investigated by UV–vis spectroscope, Scanning Elec-
tron Microscope (SEM), and X-ray diffraction (XRD). An electrolyte containing
iodide/triiodide (I−/I3−) was used to transport for redox mediator between two elec-
trodes. This working electrode was assembled into a sandwich with graphite counter
electrode. The performance of these cells was tested under simulated AM 1.5G solar
illumination using 100 mW/cm2 power. The highest optimized efficiency of 2.04%
was achieved for 10 wt% KMnO4 in TiO2 composite films, which conclude that
highest amount of MnO4− consumed in TiO2 matrix.

Keywords Thin film · Solar cell · Composite layer · Doping

1 Introduction

Solar energy is one of the clean and green energies that is abundant and easily can
be converted to electricity by a solar photovoltaic cell. The first-generation solar
cell was basically made with monocrystalline or polycrystalline of silicon wafer
(Moyez and Roy 2018). Then second-generation solar cells came with its thin-film
architecture and made with mainly amorphous silicon. A dye-sensitized solar cells
(DSSCs) are considered as the third-generation solar cell that first fabricated invented
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by professor Michael Graetzel and it showed new direction (Ludin et al. 2014). This
DSSC technology has attracted many researchers due to low-cost, easy fabrication
process (Nair et al. 2012). Typically, a DSSC consists of one working electrode, dye,
electrolyte, and a counter electrode. Titanium dioxide (TiO2) is commonly used for
layering on the working electrode and a sensitized adsorbed into the TiO2 used to trap
the sunlight and excite the TiO2 molecules. An electrolyte containing iodide/triiodide
is used as a redox mediator between two electrodes. TiO2 is used in layering on the
working electrode as it is chemically stable, nontoxic, and abundantly available.
But TiO2 has high bandgap (e.g. 3.6 eV) and absorbs a small fraction of solar light
spectrum (Ye et al. 2015). Bandgap reduction is possible by adding other lower
bandgap material with TiO2. The main objective of this research is to improve the
efficiency of DSSC by adding KMnO4 with TiO2 on the active layer of the working
electrode.

In this paper, different weight percentages of KMnO4 in TiO2 composite films
were prepared and deposited on the conductive side of the FTO glass by the doctor
blade method. Optical properties, surface morphology, and crystal structure were
investigated by UV–vis spectroscope, scanning electron microscope (SEM), and X-
ray diffraction (XRD). Moreover, the performance of the DSSC was tested under
AM 1.5G solar illumination of having light intensity 100 mW/cm2.

2 Experimental Details

2.1 Materials

All the chemicals used in this experimentwere purchased fromSigma-Aldrich, India.

2.2 Preparation of Natural Dye

Fresh Mirabilis Jalapa flower of 5 g was placed in 50 ml of ethanol and the mixed
solution was heated up to 80 °C for 10 min to extract light-sensitive dye molecules.
The liquor was then strained through a filter paper (200 nm) to obtain pure dye.

2.3 Preparation of the Working Electrodes

FTO glass having an area of 2 × 1 cm2 was washed with deionized water and
then with ethanol. KMnO4–TiO2 composite layer around 2000 nm was prepared by
adding TiO2 paste containing 20 wt% titanium dioxide, 65 wt% benzyl alcohol, and
15 wt% deionized water with KMnO4 and deposited on the conductive side of the
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FTO glass by the doctor blade method with an active area of 1 × 0.5 cm2. Then the
FTO glasses were sintered at 450 °C for 1.5 h. This sintered FTO glasses coated with
KMnO4–TiO2 films were immersed in the synthesized dye for 1 h. After heating
around 80 °C, these films were gently washed in ethanol to remove any unadsorbed
dye.

2.4 Preparation of the Graphite Counter Electrode

Graphite powder of 1.5 g is mixed with 0.1 g of ethyl cellulose and 10 g of terpineol
was added into it to make a graphite paste for layering on the conductive side of
the FTO. Graphite paste was deposited by the doctor blade method similarly like
the working electrode fabrication process. Then the counter electrode was placed on
hotplate keeping the conductive surface top at a temperature 90 °C for drying. When
the paste was dried, it was sintered at 450 °C for 1 h.

2.5 Assembly of the DSSC

The working electrode and the graphite counter electrode were assembled into a
sandwich-like structure. The electrolyte solution was added to the active area of the
working electrode.Once thematerial of theworking electrode absorbs the electrolyte,
it was assembled with a counter electrode keeping the two conductive sides of the
electrodes facing and hold this architecture with two binder clips. Figure 1 shows a
schematic of the DSSC.

Fig. 1 Schematic of the DSSC
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2.6 Characterization and Measurement

The optical properties of the films of KMnO4–TiO2 were observed by UV–vis spec-
troscope (Hitachi Spectrophotometer U-4100, Japan). The surface morphologies of
the KMnO4–TiO2 films were investigated by scanning electron microscope (Zeiss
EV 018, USA). The crystal structure of the KMnO4–TiO2 films was characterized
using XRD (XPert PRO, USA) with a CuKα source (1.54 Å). Finally, all fabricated
cell’s electrical performance has been tested under simulated AM 1.5G solar illumi-
nation using 100 mW/cm2 and this electrical measurement was done by a Keithley
2602A source meter (Keithley Instruments, USA).

3 Results and Discussion

SEM images of KMnO4–TiO2 (2, 6, 10 wt%) thin films are shown in Fig. 2. Lower
particle size of TiO2 with the addition of KMnO4 leads to high adsorption of dye and
less scattering of lights. It was observed that the lower particle size of TiO2 increases
the efficiency of the DSSC by forming suitable bandgap.

The chemical composition of the samples was investigated by EDS. EDS peaks
at 5.4 keV, 4.31 keV, and 0.43 keV represent the presence of Mn, Ti, and O elements,
respectively. The XRD pattern obtained for KMnO4–TiO2 (2, 6, 10 wt%) films are
represented in Fig. 3. The strongest peaks 25.32°, 37.82°, 48.08° are corresponding
to the plane (101), (004), and (200) of TiO2. It was observed from the figure that
increase in the KMnO4 percentage would decrease the d-spacing of the TiO2 lattice
plane.

The optical bandgap of all the samples was calculated by using Tauc equation
from Fig. 4a (Hasan et al. 2010)

αhv = A
(
hv− Eg

)n
(1)

where Eg is the optical energy gap, n= 1/2 for direct bandgap, which depends on the
nature of transition and hv is the photon energy (Mai et al. 2009). A graph between
(αhv)n versus hv was plotted for bandgap calculation in Fig. 4b. It was observed that
TiO2 pure, KMnO4–TiO2 (2, 6, 10 wt%) film samples have approximately 3.6, 1.9,
1.7, and 1.45 eV.

Bandgap respectively which are the evidences of that the energy gap decreases
with the increasing of KMnO4 percentage in the KMnO4–TiO2 mixture. Figure 5a
represents the current density–voltage (J–V ) curve and (b) power–voltage curve of
KMnO4–TiO2 (0, 2, 6, 10 wt%), which was tested under simulated AM 1.5G solar
illumination having light intensity of 100 mW/cm2. From the tabulated data, it was
found that the addition of KMnO4 in the TiO2 increases the photocurrent density as
well as the overall efficiency of the DSSC (Table 1).



Optimization of TiO2–KMnO4 Composites with Natural Dyes for … 401

Fig. 2 SEM images and EDS result of the a KMnO4–TiO2 2 wt%, b KMnO4–TiO2 6 wt%,c
KMnO4–TiO2 10 wt%

4 Conclusion

KMnO4–TiO2 compact layers were successfully deposited on the conductive FTO
glasses with a variable weight ratio. The addition of KMnO4in TiO2 leads to mini-
mizing the bandgap of TiO2 and this lower bandgap is responsible to increase the
performance ofDSSC. Experimental results show that addingmaterial likeKMnO4in
semiconductor increase more light-harvesting property due to more electron to flow.
It was also observed that the optimized percentage of KMnO4 doping enhances the
electron conductivity of the composite thin film by shifting the conduction band



402 S. Datta and S. Roy

10 20 30 40 50 60 70 80

(2
00

)

(1
12

)(0
04

)
(1

03
)(1

01
)

In
te

ns
ity

 (a
.u

)

2 theta (degree)

 KMnO4 - TiO2 10wt%
 KMnO4 - TiO2  6wt% 
 KMnO4 - TiO2  2wt%

20 21 22 23 24 25 26 27 28 29 30

(1
01

)

In
te

ns
ity

 (a
.u

)

2 theta (degree)

a b
 KMnO4 - TiO2 10wt%
 KMnO4 - TiO2  6wt% 
 KMnO4 - TiO2  2wt%

Fig. 3 XRD pattern of a KMnO4–TiO2 (2, 6, 10 wt%) b Shifting of d-space for KMnO4–TiO2 (2,
6, 10 wt%)

a

300 350 400 450 500 550 600 650 700 750 800
0.0

0.5

1.0

1.5

2.0

2.5

A
bs

or
ba

nc
e 

(A
.U

.)

Wavelength (nm)

 KMnO4 - TiO2 10wt%
 KMnO4 - TiO2  6wt% 
 KMnO4 - TiO2  2wt%
 TiO2  pure

b

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
0

50

100

150

200

250

300

350

400

450

500

550

3.6 eV1.7 eV 1.9 eV1.45 eV

αh
v2  (e

V
/c

m
)2

hv (eV)

 KMnO4 - TiO2 10wt%
 KMnO4 - TiO2  6wt% 
 KMnO4 - TiO2  2wt%
 TiO2  pure

Fig. 4 a Absorbance–wavelength plot KMnO4–TiO2 (0, 2, 6, 10 wt%) b Tauc’s plot of KMnO4–
TiO2 (0, 2, 6, 10 wt%)

a

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

C
ur

re
nt

 d
en

sit
y 

(m
A

/c
m

2 )

Voltage (V)

 KMnO4 - TiO2 10wt%
 KMnO4 - TiO2  6wt% 
 KMnO4 - TiO2  2wt%
 TiO2  pure

b

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70
0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

0.055

Po
w

er
 (m

W
)

Voltage (V)

 KMnO4 - TiO2 10wt%
 KMnO4 - TiO2  6wt% 
 KMnO4 - TiO2  2wt%
 TiO2  pure

Fig. 5 a J–V curve of KMnO4–TiO2 (0, 2, 6, 10 wt%) b P–V curve of KMnO4–TiO2 (0, 2, 6,
10 wt%) DSSC cell



Optimization of TiO2–KMnO4 Composites with Natural Dyes for … 403

Table 1 Tabulated form of photovoltaic parameters of DSSCs with different wt% of KMnO4 in
KMnO4–TiO2 composite thin layer

Materials for
photoanode

Voc (V) Jsc (mA cm−2) FF (%) Efficiency
(%)

Pmax (mW)

Pure TiO2 0.39 0.007 10.78 0.006 0.000166

KMnO4–TiO2 2 wt% 0.69 0.364 14.63 0.736 0.018427

KMnO4–TiO2 6 wt% 0.37 1.437 15.36 1.633 0.040843

KMnO4–TiO2 10 wt% 0.39 1.685 15.57 2.047 0.051192

The active area of all the cells was 0.5 cm2

lower direction. Simultaneously, suitable doping increases the power output. It was
also observed that heavy doping leads to the metallic property of the composite thin
film which resulting in leakage formation. The optimized KMnO4 10 wt% in TiO2

thin film based DSSC reaches the current density maximum. This cell also reaches
maximum FF and PCE due to the highest amount of electron-hole generation in TiO2

matrix. It was noted that due to the leakage problem, further increasing of KMnO4

amount minimizes the efficiency of the fabricated cell. This electronic phenomenon
of KMnO4–TiO2 compact layer will open new interests and opportunities in the field
of solar cell technology. Further modification of the counter electrode with platinum
is in progress to extract better performance of the DSSC.

Acknowledgements This work was supported by grants funded by the Department of
Science and Technology (DST) under the Scheme “Innovation, Technology Development and
Deployment” Central, Government of India through Mission Innovation Programme DST
(DST/TMD(EWO)/IC5-2018/06(G)).

References

Hasan M, Haseeb A, Saidur R, Masjuki H, Hamdi M (2010) Influence of substrate and annealing
temperatures on optical properties of RF-sputtered TiO2 thin film. OptMater 32:690–695. https://
doi.org/10.1016/j.optmat.2009.07.011

Ludin N, Mahmoud A, Mohamad A (2014) Review on the development of natural dye photosensi-
tizer for dye-sensitized solar cells. Renew Sust Energy Rev 31:386–396. https://doi.org/10.1016/
j.rser.2013.12.001

Mai L, Huang C,Wang D, Zhang Z, Wang Y (2009) Effect of C doping on the structural and optical
properties of sol-gel TiO2 thin films. Appl Surf Sci 255:9285–9289. https://doi.org/10.1016/j.aps
usc.2009.07.027

Moyez A, Roy S (2018) Dual-step thermal engineering technique: a new approach for fabrication
of efficient CH3NH3PbI3-based perovskite solar cell in open air condition. Sol Energy Mater Sol
Cells 185:145–152. https://doi.org/10.1016/j.solmat.2018.05.027

Nair V, BalakrishnanA, SubramanianK,AnuA,AshaA,Deepika B (2012) Effect of TiO2 nanotube
length and lateral tubular spacing on photovoltaic properties of back illuminated dye sensitized
solar cell. Bull Mater Sci 35:489–493. https://doi.org/10.1007/s12034-012-0323-5

https://doi.org/10.1016/j.optmat.2009.07.011
https://doi.org/10.1016/j.rser.2013.12.001
https://doi.org/10.1016/j.apsusc.2009.07.027
https://doi.org/10.1016/j.solmat.2018.05.027
https://doi.org/10.1007/s12034-012-0323-5


404 S. Datta and S. Roy

Ye M, Wen X, Wang M, Locozzia J, Zhang N, Lin C, Lin Z (2015) Recent advances in dye-
sensitized solar cells: from photoanodes, sensitizers and electrolytes to counter electrodes. Mater
Today 18:155–162. https://doi.org/10.1016/j.mattod.2014.09.001

https://doi.org/10.1016/j.mattod.2014.09.001


Production of Hydrogen by Steam
Reforming of Methanol Over Novel
Nano-Nickel Oxide-Based Catalyst

Barnali Bej, N. C. Pradhan, and Swati Neogi

Abstract The present investigation deals with the study of steam reforming of
methanol for production of hydrogen over alumina (Al2O3)-supported nano-nickel
oxide (NiO) in silica catalyst. Nano-NiO in silica was synthesized by sol–gel
method. The catalyst was characterized using XRD, SEM, TEM, and BET surface
area analyzer. The influence of catalyst activation temperature, reforming tempera-
ture, steam to methanol ratio, space velocity on methanol conversion, and product
selectivity were studied to observe the contribution of methanol steam reforming,
methanol decomposition, and water–gas shift reaction toward the yield of H2. The
optimum process parameters established were reaction temperature 425 °C, steam
to methanol molar ratio 1.8:1, and space velocity 0.14 kmol of methanol fed per kg
catalyst per hour, and under these conditions, maximum 95% conversion ofmethanol
was achieved. The comparative study of catalytic activity revealed that developed
indigenous catalyst is superior over other commercial catalysts.

Keywords Hydrogen production · Steam reforming · Sol-gel method ·
Nano-catalyst · Calcination temperature · Water-gas shift reaction

1 Introduction

Increasing interest in hydrogen production for fuel cell-powered automobiles to
avoid environmental pollution is a great challenge in the construction of a hydrogen-
oriented society. Recently, global efforts are underway to minimize the emissions
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of pollutants such as NOx, SOx, and greenhouse gases. In this context, hydrogen
is considered as the best fuel because of its high fuel density and no emission of
pollutants when it burns. It also offers high efficiency when used in polymer elec-
trolyte membrane (PEM) fuel cells (Patel and Pant 2006). Fuel cell technology, one
of the most promising sources of power generation, offers highly efficient conver-
sion of chemical energy into electrical energy. However, hydrogen fuel cell as well
as fuel cell vehicle presents some technological limitations with generation, storage,
transportation, and distribution of pure H2. For safety, fuel cell vehicle would run on
onboard H2 generation by reforming of liquid fuel.

Among the liquid fuels to be reformed, methanol has been preferred as an appro-
priate source of hydrogen because of its low cost, high availability, low boiling point,
andhigh ratio ofH/C (4:1).Moreover, it can be converted to hydrogen at relatively low
reforming temperature. It contains no C–C bonds, which in turn drastically reduces
the risk of coke formation and catalyst fouling and makes its reactions energetically
favorable. Among the various processes of hydrogen production, steam reforming of
methanol (SRM) seems to be more attractive one to produce hydrogen as it produces
theoretically higher H2 yield and syngas with highest H2/CO ratio.

CH3OH + H2O → �3H2 + CO2 H0
298 = +49.4 kJ/mol (1)

A lot of research works have been performed on SRM over Cu-based catalyst,
especially Cu/Zn or Cu/Zn/Almixed oxide in previous years due to their high activity
and selectivity, but their heat and oxidation resistance are poor. Therefore, deactiva-
tion of Cu-containing catalysts occurs at relatively low reforming temperature due
to sintering and partial oxidation of Cu particles. To avoid this problem, efforts have
been made to investigate the appropriate catalyst and operating conditions for SRM.
Recently, several research works on precious metal catalysts and nanocatalysts in
SRM show improved activity (Abrokwah et al. 2016; Bagherzadeh and Haghighi
2017; Deshmane et al. 2015a, b; Diaz-Perez et al. 2018; Kim et al. 2017; Pedrero
et al. 2017; Lei et al. 2018; Tahay et al. 2018; Tian et al. 2017).

But less research works have been published on Ni-containing catalyst used in
SRM. Some reports have been concentrated on the use of Ni/Al layered double
hydroxides (LDH)-derived catalysts and nano-Ni catalyst for SRM because Ni is
cheap and very active catalyst in steam reforming reactions (Lu et al. 2017; Qi et al.
2009; Shetty et al. 2007). The catalysts exhibited better stability and activity with
high selectivity for CO2 and H2 and low level of CO and CH4 depending on the
experimental condition and pretreatment atmosphere.

The objectives of the present study include (i) experimental investigations to study
the effects of process parameters such as reaction temperature, steam to methanol
molar ratio, space velocity on catalytic activity, and product selectivity over synthe-
sized alumina-supported nano-nickel oxide catalyst highly dispersed in silica and (ii)
comparative study of activity of synthesized catalyst with commercial catalysts.
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2 Materials and Methods

NiO/SiO2 nanocomposite was prepared by sol–gel technique using nickel nitrate
hexahydrate [Ni (NO3)2, 6H2O, Merck] as precursor and tetra ethyl orthosilicate
(TEOS, Merck) as silica matrix-forming agent with ethanol (absolute, 99%, Merck)
solution. A certain amount of TEOS and ethanol solution was stirred using magnetic
stirrer at room temperature. Nickel nitrate with intended Ni loading (5, 7, 10, 12.5,
15 wt% in the catalyst) dissolved in the aqueous ethanol solution was added slowly to
the silica sol with constant stirring. The final solutionwas stirred at room temperature
for about 5–6 h and allowed to age for 1 week. The obtained gel was dried in hot
air oven at 110 °C for 24 h to remove water and other volatile compounds. Then the
dried gel was calcined at 400 °C.

To prepare alumina-supported NiO/SiO2 catalyst, alumina (SISCO), NiO–SiO2,
and bentonite powder (as binder, Merck) was mixed in an appropriate proportion and
then the mixture was transformed into extrudates. The extrudates are finally dried in
hot air oven at 110 °C. The catalysts were prepared with different Ni loadings of 5,
7, 10, 12.5, and 15 wt%.

2.1 Experimental Procedure

Steam reforming reaction was carried out in a fixed bed tubular reactor (10 mm inner
diameter) placed inside a cylindrical furnace. The reactor was loaded with catalyst
mixed with inert particles, so that the bed height was maintained at 60 mm. The
remainder of the reactor was filled with inert ceramic material. The catalyst was
reduced as well as activated by heating at 550 °C with the flow of hydrogen for 4 h.
The thermocouple inserted into the thermowell of reactor recorded the catalyst bed
temperature. After catalyst activation, the reaction temperature was fixed at a desired
temperature and catalytic steam reforming reaction was performed at atmospheric
pressure by introducing the flow of methanol–water mixture. The feed mixture was
vaporized through the preheater before entering reactor inlet. The reactor outlet
stream was passed through a condenser for separation of condensable components
in the gas–liquid separator.

The product gas stream flow rate was measured using a wet gas meter. The gas
mixture was periodically sent to gas–liquid chromatography (Model: Chemito GC
1000 DPR) for analysis using thermal conductivity detector (TCD) with packed.
Nitrogen was used as carrier gas.
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Fig. 1 SEM image of alumina-supported nano-NiO/SiO2 before reaction

3 Results and Discussion

3.1 Catalyst Characterization

The detailed characterization results of the synthesized catalyst (XRD, SEM, TEM,
BET surface area analysis) and optimum catalyst have been reported in the previous
publication (Bej et al. 2013). The variation of physicochemical properties of synthe-
sized catalysts with different calcination temperatures and different percent of Ni
loadings has also been reported in the previous publication (Bej et al. 2013). The
optimum catalyst has been shown as 10% Ni loading (actual Ni loading 8.84%)
calcined at 400 °C. The BET surface area of the developed catalyst was measured at
268 m2/gm.

The scanning electron micrograph (SEM) shows that nickel oxide is uniformly
dispersed in the catalyst. Figure 1 reveals the surface morphology of synthesized
alumina-supported nano-NiO/SiO2 catalyst. Figure 2 shows the surface morphology
of the catalyst after reaction.

3.2 Effect of Temperature

In order to study the influence of reforming temperature on catalytic behavior
of Al2O3-supported NiO/SiO2 catalyst in SRM, experiments were carried out at
different temperatures, ranging from 225 to 450 °C using steam to methanol molar
ratio 1.4:1 and space velocity of 0.16 kmol methanol per kg catalyst per h. Figure 3
shows the effect of temperature on methanol conversion. As is seen from Fig. 3,
conversion of methanol increases rapidly with an increase in temperature and almost
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Fig. 2 SEM image of alumina-supported nano-NiO/SiO2 after reaction (450 °C)

Fig. 3 Effect of temperature on conversion of methanol. Condition: H2O: CH3OH (molar), 1.4:1;
space velocity, 0.16 kmol/kg catalyst h

89.3% conversion is obtained at 425 °C. The conversion of methanol decreases
slightly beyond 425 °C may be due to the less stability of the catalyst at higher
temperature. From our previous publication (Bej et al. 2013), it is reported that the
crystallite size increases slightly due to the sintering of Ni particle at higher calcina-
tion temperature, and as a result, BET surface area decreases due to the blockage of
pores. But the catalyst activity does not affect much up to 450 °C as same Ni loading
presents in the catalyst. Therefore, catalyst is stable in the temperature range up to
450 °C. No intermediate products were detected in the product stream over the range
of temperature studied.
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The dry reformate stream contains gas mixture of H2, CO, CO2, and CH4, and
selectivity of products dramatically changes with temperature. The experimental
results predict the occurrence of water–gas shift reaction (WGS) (Eq. 2), methana-
tion reaction (Eq. 3), reverse water–gas shift reaction, and methanol decomposition
reaction (Eq. 4).

CO + H2O � CO2 + H2 �H0
298 = −41.1 kJ/mol (2)

CO + 3H2 → CH4 + H2O �H0
298 = −49.3 kJ/mol (3)

CH3OH � CO + 2H2 �H0
298 = +92.0 kJ/mol (4)

3.3 Effect of Feed Composition

As the highest conversion was obtained at 425 °C to find the optimum steam to
methanol molar ratio, experiments were carried out at different steam to methanol
molar ratio at 425 °C temperature and space velocity of 0.16 kmol methanol fed per
kg catalyst per h. Figure 4 shows the effect of feed (steam:methanol) molar ratio on
methanol conversion. It is evident from Fig. 4 that conversion of methanol increases
remarkably with increasing steam to methanol molar ratio in feed, and a maximum
93% methanol conversion was achieved at 1.8:1 steam to methanol molar ratio. It is

Fig. 4 Effect of feed composition on methanol conversion. Condition: temperature, 425 °C; space
velocity, 0.16 kmol/kg catalyst h



Production of Hydrogen by Steam Reforming of Methanol Over … 411

clear from the figure that conversion ofmethanol decreases beyond steam tomethanol
molar ratio of 1.8:1.

It was observed that in product stream, H2 selectivity increases gradually with
the addition of more steam in feed, indicating the occurrence of WGS reaction.
Moreover, suppression of methanation reaction with increasing steam to methanol
molar ratio favors the enhancement of H2 selectivity.

3.4 Effect of Space Velocity

Catalyst activitywas found to be dependent on contact time of liquid feed. The reverse
of contact time is known as space velocity. Therefore, to find optimum space velocity,
catalytic tests were performed in the range from 0.12 to 0.25 kmol of methanol fed
per kg catalyst per h by changing the feed flow rate at 425 °C with steam to methanol
molar ratio 1.8:1. It is clearly seen from Fig. 5 that initially conversion of methanol
is almost constant and then decreases rapidly with increasing space velocity.

Figure 6 illustrates the variation of product selectivitywith space velocity. Initially,
CO selectivity increases with increase in space velocity while CH4 selectivity
decreases slightlywith almost constant selectivity ofH2 andCO2, indicatingSRMvia
methanol decomposition becomes more dominant. On the other hand, H2 selectivity
increases significantly with increasing space velocity. This may be due to the occur-
rence of WGS reaction and steam reforming of methanol simultaneously. Maximum
95% of methanol conversion was obtained at 425 °C with H2O/methanol ratio 1.8:1
and space velocity of 0.14 kmol of methanol fed per kg catalyst per h.

Fig. 5 Effect of space velocity on conversion of methanol. Condition: temperature, 425 °C; H2O:
CH3OH (molar), 1.8:1
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Fig. 6 Effect of space velocity on product selectivity. Condition: same as in Fig. 5

3.5 Activity Comparison with Commercial Catalyst

A comparative evaluation of catalyst activity was made from time on stream study
of methanol conversion with commercial Ni-based catalyst, commercial Cu-based
catalyst, andAl2O3-supported nano-NiO/SiO2 (prepared) catalyst as shown in Fig. 7.
Experiment was performed under optimum operating condition of 425 °Cwith steam
to methanol molar ratio 1.8:1 and space velocity of 0.14 kmol of methanol fed per

Fig. 7 Comparison of catalyst activity (TOS study). Condition: temperature, 425 °C; H2O: CH3OH
(molar), 1.8:1; Space velocity, 0.14 kmol/kg catalyst h
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kg catalyst per h. It is clear from the figure that higher conversion of methanol was
obtained over indigenous nano-Ni-based catalyst and maintained almost constant
catalytic activity for certain period of time (165 min) than other commercial catalyst.
Moreover, at initial stage, methanol conversion drops rapidly due to extensive coke
formation on catalyst surface for commercial Ni and Cu catalyst. Therefore, the
preparednano-NiO/SiO2–Al2O3 catalyst is the best oneover the commercial catalysts
tested.

4 Conclusion

Sol–gel-derived nano-NiO/SiO2-supported on alumina was prepared and success-
fully used in steam reforming ofmethanol. The catalyst containing 8.84%Ni calcined
at 400 °C was observed to be optimum catalyst. The developed catalyst showed high
catalytic activity and stability during the course of reaction. Extensive experimental
investigations on SRM have been carried out over wide range of parameters such as
reforming temperature, feed ratio, and space velocity. The distribution of dry refor-
mate was also found to be significantly affected by process parameters. The optimum
condition of SRM in terms of conversion was established at 425 °C with steam to
methanol molar ratio of 1.8:1 and space velocity of 0.14 kmol of methanol fed per
kg catalyst per h. Under this condition, conversion of methanol was about 95% and
yield of hydrogen was 3 mol of H2 per mole of methanol reacted.
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Performance Enhancement
of Dye-Sensitized Solar Cell Using
Extracted Photo-Sensitized Organic
Molecules in Addition with Dielectric
Nanomaterial

Argha Dey, Subhasis Roy, and Sourav Mondal

Abstract This research work illustrates the improvement in performance study of
dye-sensitized solar cell (DSSC) in the presence of dielectric nanoparticles coupled
with TiO2 mesoporous film. Lanthanum-doped lead titanate (PLT15) was the chosen
dielectric material used for this due to its strong field–effect passivation, screened
columbic attraction, back reflector, and recombination inhibitor for solar cell. Natural
dye extracted by a three-step drying and grinding process followed by solvent extrac-
tion from carrot is, namely, carotene. Postfiltration, the solution underwent through
various absorption media for better purification. The synthesized dielectric nanopar-
ticles were introduced into the TiO2 matrix and coated on the FTO glass substrate
by doctor blading technique followed annealing, and then dye depositional process
was performed by dipping TiO2–PLT15-coated FTO glass in extracted organic dye
solution for overnight. UV–Vis, FTIR spectroscopy, and SEM tools were used for the
characterization of dyes. Finally the electrical performance of the fabricated cell was
analyzed under simulated AM 1.5G solar illumination using 100 mW/cm2 power.

Keywords Thin film · Dielectric · Natural dyes · Extraction · Nanoparticles

1 Introduction

Sun being the easily available renewable energy resource, energy is cultivated from
sunlight. The performance of DSSC is dependent on the photosensitization process
within the dyes in presence of mesoporous metal oxide semiconductors having
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wide bandgap. This sensitized light plays an important role for generating elec-
trical energy through absorbing light from the sun and transforming it into energy.
Among various inorganic dyes, Ru-based complex sensitizer is widely used due
to their better photo conversion efficiency and high durability. But it possesses
some demerits—their high cost, complicated synthetic routes, and lean towards
degradation in presence of water (Zhang et al. 2008). In recent days, using natural
pigments in the form of sensitizer for generating electricity has been started due to
their various utilities—it is cost friendly as it is occurred naturally and also envi-
ronmentally friendly (Kay and Graetzel 1993). Presently using of natural organic
days in DSSC as sensitizer has become a new trend. In one of the previous works
extracted, catechins from green tea leaves that have been used as sensitizer in DSSC
(Dey et al. 2016) resulted improved photo conversion efficiency. Dey et al. (2017a)
describes the photoconversion result of TiO2 doped with graphene in association
with bilayer of CdS. Whereas Dey et al. (2017b) describes the improved conversion
efficiency observed for quantum dot solar cell, post addition of synthesized dielectric
material lanthanum-doped lead titanate (PLT15).

In this paper, we report the performance improvement of DSSC through addition
of synthesized dielectric material within the TiO2 mesoporous film. The used dielec-
tric material in this work is lanthanum-doped lead titanate (PLT15) due to its various
beneficial factors: strong field–effect passivation, screened columbic attraction, back
reflector, and recombination inhibitor for solar cell. Additionally, for the sensitiza-
tion natural dye, carotene was extracted using carrot as rich source. The extraction
involved three-step processes. Initially the chopped samples underwent for drying.
Further the dried samples were grinded in the form of fine particles and finally the
dye solution was prepared in presence of solvent. The fabrication of DSSC was then
carried out using synthesized dielectric material within the TiO2 matrix and hence
the performance testing and other characterizations were carried out.

2 Experimental Details

2.1 Synthesis of TiO2 Nanoparticles

Under continuous stirring of 0.1M nitric acid solution, 5 ml of titanium isopropoxide
(97%Sigma-Aldrich) was added dropwise at room temperature. Soon awhite precip-
itate was generated that was heated at 80 °C. Further, at 1000 rpm stirring was
continued for 8 h for achieving peptization. Then, nonpeptized agglomerates were
removed through centrifugation at ∼2000 rpm. Then by adding water to it, the final
concentration was obtained as ∼5 wt%. The solution was transferred to an auto-
clave. For 12 h, the stainless steel makes autoclave lined with Teflon was heated
at 230–250 °C for the desired growth of 10–25 nm particles. Finally, the colloidal
suspension was concentrated by employing of heating at 70 °C for 1 h.
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2.2 Synthesis of Dielectric Nanomaterial (PLT15)

The preparation of 0.25M lanthanum-doped lead titanate [Pb0.85La0.15TiO3 (PLT15)]
precursor sol, the used materials were lead acetate tri-hydrate [Pb(CH3COO)2,
3H2O] (99.99% Sigma-Aldrich), lanthanum nitrate hexahydrate (La(NO3)3, 6H2O)
(99.999% Sigma-Aldrich), and titanium butoxide [Ti(OC4H9)4] (97% Sigma-
Aldrich). Initially, lead acetate tri-hydrate and lanthanum nitrate in presence of
warm acetic acid codissolving were taken place through rigorous stirring. Another
three-neck flask was used that was containing of stoichiometric amount of titanium
butoxide that was dissolved in glacial acetic acid (in 1:2 molar ratio) for reducing the
moisture sensitivity of the alkoxide precursor. Finally, the prepared chelated sol was
added dropwise into the mixed solution of lead acetate tri-hydrate and lanthanum
nitrate under continuous stirring for 15–20min for the preparation ofPLT15precursor
sol.

2.3 Extraction of Carotene

Carrot has been chosen as rawmaterials for the extraction of carotene. After grinding
the carrot bioparticles, these carrot materials were kept for drying in a hot air oven
at 70 °C until they turned completely dried. Further the dried samples underwent for
grinding to get fine powdered substance, which was preserved in culture tube. Then,
0.5, 1.0, and 2.0 g dried samples were taken from the powder samples, and further
extraction process was carried out by dissolving them into benzene. Postdissolving
into the solvent, the solution was allowed for sonication in presence of a bath-type
sonicator for 45 min. Then the solution underwent for filtration using filter paper for
the separation of undesired suspended particles. Finally, the filtrates were preserved
into different culture tubes.

2.4 Fabrication of Solar Cell

Initially, the FTO glass substrate (15 �/cm, Pilkington) underwent for cleaning
using detergent solution, water, and ethanol in an ultrasonic bath. Then the prepared
titanium nanoparticles were deposited by means of thin layer of titanium oxide
employing spin coating (model: spin NXG-P1, Apex Instruments make) at 3000 rpm
for 30 s. Then the coated glass substrate underwent for heating at 450 °C for 30min for
removal of organic materials. After that the commercially available TiO2 nanopaste
coupled with synthesized dielectric nanomaterial (PLT15) was spin-coated followed
by annealing. Then the glass substrate was allowed for dipping into the dye solutions
for overnight. After 1 day, the glass substrate was subjected to atmospheric heating.
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The spiro-OMeTAD (Sigma-Aldrich, 99%) was used as electrolyte and conductive
silver paste was used as counter electrode.

2.5 Characterization of Materials and Solar Cells

X-ray diffraction (XRD, Ultima III, Rigaku, Japan) with Cu Kα radiation was
used for analyzing the crystal structure of the sample. For estimating the morpho-
logical characteristics, scanning electron microscopy (model: EVO 18 Special
Edition, ZEISS make) was used. The absorption characteristics were analyzed
using a HITACHI-make UV/vis spectrometer and Perkin–Elmer-make FTIR spec-
trophotometer. Finally, the electrical property, photovoltaic current–voltage (PVIV)
nature, was analyzed using under simulated standard sunlight (100 mW/cm2, AM
1.5G) (model: 2400 High Current Source Meter, Keithley) (Compact 150W Solar
Simulator, Zolix Instruments, China).

3 Results and Discussion

3.1 XRD Analysis

Figure 1 indicates the XRD pattern of TiO2 coupled with PLT15 that was found to
be similar in accordance with the reported literature (Dey et al. 2017b). From the
XRD pattern, it is prominent that the presence of different planes has been identified
having specification of (1 0 0), (1 1 0), (1 1 1), (2 1 0) for dielectric material.

Fig. 1 X-ray diffraction
patterns of TiO2 coupled
with dielectric material
PLT15
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Fig. 2 SEM image of
extracted carotene

3.2 Structural Observation

Figure 2 shows the Scanning Electron Microscope (SEM) micrograph of carotene
extracted from carrot. From the figure, it is clear that the structure is distributed with
small pores.

3.3 UV–Vis Spectroscopic Observation

The absorbance spectrum was obtained within the spectral range of 350–600 nm
for carotene that was recorded using a HITACHI Spectrophotometer. This UV–vis
absorption spectrum characteristics of carotene are shown in the following Fig. 3a
having different concentrations. It was observed that high concentrated solutions are
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not showing proper peaks. The solution was diluted by keeping the solvent amount
fixed and reducing the powder sample 2.0 gm to 0.5 gm. This time 0.5 gm powder
containing sample showed peaks. Again the solutions were treated with various
absorption medium starting from Al2O3, SiO2, TiO2, ZnO with the 0.5 gm powder
sample as shown in Fig. 3b. It reveals that the untreated sample is showing a sharp
peak at 432 nm, 460 nm, and 489 nm. It was also observed that treating with different
absorptionmedium peak absorbance became reduced. But interestingly treating with
Al2O3 absorption medium showed a peak with greater absorption than the other
treated materials. Further experimentation was carried with samples treated with
Al2O3.

3.4 FTIR Spectroscopical Observation

The FTIR spectroscopical analysis was carried out with carotene treated with Al2O3

absorption medium. Figure 4 illustrates the absorption spectrum of carotene treated
with Al2O3 absorption medium.

It can be seen that within 3200–3600 cm−1 wavenumber region, the sample is
a showing broad absorption at 3442.19 cm−1. This broad spectrum has been arisen
may be due to the stretching of strong –OH group. During 1640–1820 cm−1, a broad
absorption peak has been obtained at 1639.67 cm−1 that indicates the presence of
C–O functional group for stretching mode of vibration may be due to the presence of
carbonyl or amide group.At 1455.46 cm−1, another peakhas beenobtained indicating
for the presence of C=C stretching bond. Within 1000–1400 cm−1 region, five peaks
have been obtained may be due to the presence of C–F group stretching vibration.

Fig. 4 FTIR spectra of
carotene treated with Al2O3
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Fig. 5 The current–voltage (J–V ) characteristics of carotene sensitized solar cell combining with
and without PLT15 measured under simulated solar light (100 mW/cm2 AM 1.5G)

Table 1 Photovoltaic parameters of the fabricated solar cell

Sample name Jsc (mA/cm2) Voc (Volt) Fill factor (%) Efficiency (%)

Carotene-sensitized DSSC in
absence of PLT15

0.39 0.42 38.7 0.64

Carotene-sensitized DSSC in
presence of PLT15

0.446 0.446 54 1.05

3.5 Electrical Characterization

The electrical characterization of the extracted organic sample in presence and
absence of PLT15 was analyzed under simulated solar irradiation (1.5 sun). Figure 5
represents the current density versus voltage plot in the presence and absence of
PLT15, respectively. From the obtained data point, the corresponding open-circuit
voltage (VOC), short circuit current (ISC), fill factor (FF) and conversion efficiency
have been obtained. Table 1 represents the tabulated form of electrical parameters.
From the obtained data, it is clear that the presence of PLT15 has improved the
efficiency of the fabricated solar cell.

4 Conclusion

The carotene-sensitized DSSCs in the presence and absence of synthesized PLT15
coupled TiO2 have been analyzed using various tools. The XRD analysis of the
thin films indicates impurity-free phase with desired peak in presence of necessary
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coupling of TiO2 and PLT15. The Scanning ElectronMicroscope (SEM) reveals that
the extracted carotene is uniform in structure with lesser amount of pores. The UV–
vis spectroscopy indicates the presence of absorption peaks under low concentration.
Also purification was carried out using diluted dye solution in presence of various
absorptionmedia that reveals Al2O3-treated absorption is suitable for solar cell appli-
cation. Hence, using Al2O3-treated sample underwent for FTIR spectroscopy that
reveals the presence of various functional groups within the dye solution. Finally,
electrical characterization was carried out with the dye in presence and absence of
PLT15-coupled TiO2 matrix. The result revealed that presence of PLT15 within the
system has improved the photoconversion efficiency of the solar cell due to better
charge collection properties and minimize the surface recombination.
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Simulation of Biomagnetic Fluid Flow
in a Lid-Driven Cavity Under Steady
Localized Magnetic Field

Sumanta Banerjee and Ranjan Ganguly

Abstract The simulation study of steady, laminar, incompressible, and isothermal
biomagnetic fluid flow within a lid-driven cavity is presented, under the influence of
a time-independent localized external magnetic field. The mathematical model used
for the problem formulation is consistent with the principles of FHD and MHD and
therefore considers both the magnetic Kelvin force and the Lorentz force as body
forces. The biomagnetic fluid is modeled as a homogeneous Newtonian continuum,
which dually exhibits magnetization and its electrical conductivity. The numerical
solution of the problem, described by a system of coupled, nonlinear system of PDEs
with appropriate boundary conditions, is carried out using the SIMPLER algorithm.
The solution is obtained by the finite volume method on a staggered grid. The results
of the simulation, as visualized through the stream function plots, indicate the field–
fluid interactions in laminar flow regimes.

Keywords Ferrohydrodynamics (FHD) · Magnetohydrodynamics (MHD) ·
Biomagnetic fluid · Lid-driven cavity · Magnetic number

1 Introduction

Biomagnetic Fluid Dynamics (BFD) investigates the dynamic behavior of magnet-
ically susceptible biological fluids in the presence of magnetic fields. In simplified
models, the biological fluids are considered as isothermal, Newtonian, and electri-
cally nonconducting (Bashtovoy et al. 1988). Thesemodels, in linewith the principles
of Ferrohydrodynamics (FHD), attribute the driving Kelvin body force (KBF) in the
flow field solely to fluid magnetization (Bashtovoy et al. 1988; Rosensweig 1985).
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A characteristic biomagnetic fluid is blood, as blood exhibits magnetic polariza-
tion in the presence of erythrocytes (Bashtovoy et al. 1988). The magnetic suscepti-
bility of blood arises out of the complex biochemical interactions of the intercellular
protein, cell membrane, and the hemoglobin (a form of iron oxide), which is present
at high concentrations in mature red blood cells. Experimental observations indicate
that erythrocytes preferably orient their disc plane parallel to the external magnetic
field direction (Higashi et al. 1993). In addition, factors like the state of oxygenation
influence magnetic behavior (Plavins and Lauva 1993), as blood exhibit diamag-
netism when oxygenated and paramagnetism when deoxygenated. These attributes
render different flow dynamics for venous and arterial blood under external magnetic
fields.

A stable colloidal suspension of erythrocytes in plasma can be mathemati-
cally modeled as a homogeneous continuum that constitutes magnetic dipoles in
a liquid carrier (Rosensweig 1985; Tzirtzilakis 2005). Realistic models based on
blood constitution and rheology, as presented in (Tzirtzilakis 2005), also enable to
model nonisothermal flows, whereby the field response of temperature-dependent
fluid susceptibility can be studied and fine-tuned for practical applications. The
Kelvin force then depends dually on the existence of a nonuniform magnetic and/or
temperature fields.

In addition, blood exhibits appreciably high static electrical conductivity, which
varies with temperature, hematocrit (ratio of the volume of red blood cells to total
blood volume), and the flow rate (Jaspard and Nadi 2002). This warrants flow repre-
sentations to consider the biofluid to be electrically conducting and incorporate the
principles of MHD. In the presence of external magnetic field gradients, the fluid
is then subjected to the Lorentz force (Davidson 2001; Farahbakhsh and Ghassemi
2010). However, the effect of the Lorentz force is significant only for strongmagnetic
fields; in situations of sharp field gradient and/or low magnetic field strength, the
Kelvin force dominates (Rosensweig 1985).

As far as practical engineering applications are concerned, a prevalent technique is
the release of artificially created nanoparticles in bloodstream, either attached to the
erythrocytes or moving independently in accordance with the dynamics of flow. This
enables the magnetization of blood to be augmented by several orders of magnitude
and facilitates targeted transport of drugs using magnetic particles as drug carriers,
reduction of bleeding during surgeries, promoting occlusion of the feeding vessels of
malignant tumors, or development of magnetic tracers (Fuh et al. 2000). Moreover,
biomedical applications based on the application of magnetic field directly on blood
are proposed, like the development of magnetic devices for cell separation (Carlton
et al. 2001), field-assisted treatment of internal wounds, or cancer treatment causing
magnetic hyperthermia (Li et al. 2008; Voltairas et al. 2000; Haik et al. 1999).

Literature review presents numerical studies concerning basic BFD flow config-
urations for biofluids of diverse rheology. The studies all indicate the formation of
recirculating flow-field vortices at the sites of high field intensities. The numerical
studies introduce a magnetization term in the governing equations, which constitutes
a source term that leads to irrotational flows under nonuniform external fields. Awell-
known classical, fundamental problem is that of isothermal flowwithin a rectangular
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lid-driven cavity. Studies employing the stream function–vorticity formulation for the
numerical treatment of laminar, incompressible BFD problems have been reported.
Nonisothermal boundary conditions that promote thermal convection have also been
investigated. In all of these situations, it is observed that the flow dynamics is greatly
influenced by the application of the magnetic field. The form (penetration parameter)
and the strength (Stuart number) of the magnetic field have been conclusively estab-
lished as primal factors in controlling the generation, shape, and size of the vortices
in these and allied confined flows.

In the present study, the BFD flow inside a lid-driven cavity is numerically investi-
gated. The 2Dflowfield is isothermal, laminar, and incompressible. A linear equation
governs the dependence of fluid magnetization on the field intensity (Rosensweig
1985). The mathematical model of Tzirtzilakis (2005) enables to formulate a system
of coupled, nonlinear PDEs governing system behavior. The solution of the problem
is obtained numerically by the SIMPLER algorithm in a staggered grid framework.
A sinusoidal mesh distribution that employs fine gridding close to the cavity walls
and near the vicinity of the field source ensures numerical stability.

2 Mathematical Model

The viscous, steady, isothermal, incompressible 2D laminar flowof biomagnetic fluid
(blood) is considered inside a lid-driven cavity. The enclosure is taken squarewith the
length of sides W (see Fig. 1a). The biofluid (blood) is modeled as homogeneous,
Newtonian and electrically conducting (Tzirtzilakis 2005). The flow is subject to
a line-dipole magnetic source, symmetrically placed beneath the lower plate of the
cavity (refer Fig. 1b). Such a nonuniformmagnetic field can be set up by a line current

Fig. 1 a Lid-driven square cavity. b External imposed normalized magnetic field configuration
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perpendicular to the cavity. The (normalized) magnetic field strength contours are
also shown.

The fluid working medium is an electrically conducting magnetic fluid exhibiting
paramagnetic behavior. The fluid rheology is Newtonian and conforms to the math-
ematical model proposed in Tzirtzilakis (2005) and Tzirtzilakis and Xenos (2012).
The increment of viscosity due to external imposed field (or magneto-viscous effect)
is neglected. The rotational forces acting on the erythrocytes, when entering and
exiting the magnetic field, are also not taken into account (equilibrium magnetiza-
tion). Finally, the electric field is neglected for the 2D flow field. Under the above
assumptions, the mass and momentum conservation equations governing the flow
(in coordinate-free form) are:

∇ · −→
V = 0 (1)

ρ∇ ·
( �V �V

)
= −∇ p + μ0M∇H︸ ︷︷ ︸

magnetic
polarization force

+ σ
[ �B ×

( �B × �V
)]

︸ ︷︷ ︸
Lorentz
force

+μ∇ ·
(
∇ �V

)
(2)

The conservation equations in 2D rectangular Cartesian system are as follows:

∂u
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+ ∂v
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= 0 (3)
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∂x2
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(5)

The steady-state boundary conditions imposed on the square lid-driven cavity are:

Bottom Wall: Left Wall:
u = 0, v = 0(0 ≤ x ≤ W, y = 0) u = 0, v = 0(x = 0, 0 ≤ y ≤ W )

Top Wall: Right Wall:
u = U0, v = 0(0 ≤ x ≤ W, y = W ) u = 0, v = 0(x = W, 0 ≤ y ≤ W )

In the above Eqs. 1–5, the respective dimensional quantities are velocity
−→
V =

(u, v), pressure p, (constant) top wall speed U0, fluid density ρ, electrical conduc-
tivity σ , dynamic viscosity μ, magnetic permeability of vacuum μ0, magnetic
field strength (inside the fluid medium)

−→
H = (

Hx , Hy
)
, and the magnetic induc-

tion
−→
B

(−→
B = μ0

−→
H

)
. The term μ0M∇H =

(
μ0M

∂H
∂x , μ0M

∂H
∂y

)
represents the
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(magnetic) Kelvin force density, which depends on (a) fluid magnetization and (b)
the existence of the field gradient along coordinate directions (Rosensweig 1985).

The term σ
[−→
B ×

(−→
B × −→

V
)]

represents the Lorentz force per unit volume and

arises due to the electrical conductivity of the fluid (Davidson 2001). The magnetic
field inside the biofluid medium is (m: dipole strength of source):

−→
H = (1 + χm)m

(
sin θ

r2
er
∧ − cos θ

r2
eθ

∧

)
(6)

The magnetization M is linearly related with the field intensity (magnitude) H
through the magnetic susceptibility (= χm), as shown in Eq. 7a (Banerjee et al.
2008). Moreover, the field induction

−→
B conforms to Maxwell’s equation in static

form (Eq. 7b):

M = χmH (7a)

∇ × −→
H = �0

∇ · −→
B = 0

}
(7b)

In order to obtain the numerical solution of the system (Eqs. 3–6), with the
boundary conditions and the simplified assumptions (Eqs. 7a and 7b), the following
nondimensional variables are introduced:

X = x

W
; Y = y

W
;U = u

U0
; V = v

U0
; P = p

ρU 2
0

; H̃ = H(
m/W 2

) (8)

The conservation equations in nondimensional form are:
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The nondimensional boundary conditions are correspondingly:

Bottom Wall: Left Wall:
U = 0, V = 0(0 ≤ X ≤ 1,Y = 0) U = 0, V = 0(X = 0, 0 ≤ Y ≤ 1)
Top Wall: Right Wall :
U = 1, V = 0(0 ≤ X ≤ 1,Y = 1) U = 0, V = 0(X = 1, 0 ≤ Y ≤ 1)

In Eqs. (10) and (11), the dimensionless group MnK = (
μ0χmm2/ρU 2

0W
4
)

denotes the magnetic number arising from polarization forces (due to external field
gradients). Its magnitude varies inversely as the fourth power of the pertinent length
scale (= W ) of the system and can be quite significant for miniaturized enclosure
geometries.

Likewise, the nondimensional group SnL =
[
μ0W 2

(
σ
μ

)2(
m
W 2

)2
/ReW

]
is the

Stuart number, which is the ratio of the square of theHartman number to theReynolds
number (Tzirtzilakis 2005). It may be observed that when both of these magnetic
numbers are zero, the problem is reduced to the problem of pure hydrodynamic flow
in lid-driven cavity. For a given value of the Reynolds number, increasing the value
of either of these magnetic numbers is equivalent to increasing the magnetic field
strength.

A staggered grid arrangement has been used in the present study, which offers
advantages over the collocated arrangement in convection-dominatedflows (Patankar
1980). In addition, sinusoidal grid spacing has been applied, which has enabled (a)
finer computational grid close to the walls and in vicinity of the magnetic source and
(b) coarser grid close to the center of the cavity. The power-law scheme has been used
to discretize the convection terms. The Semi-Implicit Method for Pressure Linked
Equations Revised (SIMPLER) algorithm has been used to solve the system of the
momentum and the pressure correction equations (Patankar 1980).

3 Results and Discussion

The stream function plot of lid-driven flow field within the cavity for purely shear-
drivenflow, in absence ofmagnetic field, has beenpresented inFig. 2. The simulations
are presented for values ofW = 0.05 m,U0 = 5 cm/s, ν ≈ 3.1×10−6 m2/s (Kalion
et al. 2004). The stream Reynolds number is thereby evaluated as ReW ≈ 8.1× 102.
The plots indicate crowding of contours near the (sliding) top wall, where velocity
gradients are high. The flow rates flag off as the circulation descends down toward
the bottom wall, under the effects of viscous forces. The wall shear effects create
weak secondary vortices, fully conforming to physics of flow.

The stream function plots (in Fig. 3) show that applying the magnetic field
below the bottom plate of the cavity results in bifurcation of the characteristic
primary vortex obtained for pure hydrodynamic flow. This plot corresponds to
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Fig. 2 Stream function plot of recirculation vortex in the absence of magnetic field

Fig. 3 Plots of primary and secondary vortices in the presence of magnetic field
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MnK ≈ 10.21,SnL ≈ 0.01. For relatively weak magnetic field strengths, this
splitting-up leads to the formation of other smaller vortices. The number of secondary
vortices increases with rising values of magnetic field strength. For relatively strong
magnetic fields, the increased number of vortices results in the reduction of flow-
field velocities in close vicinity of the bottom plate. The application of the applied
(magnetic) field gradient sets up strong circulation near the bottomplate, as evidenced
by the two secondary, counter-rotating vortices. The primary vortex is largely influ-
enced by the flow disturbance induced by the sliding top plate of the cavity, and to a
lesser extent by the presence of the magnetic dipole.
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Abstract Heavy metal has enormous toxicity on microbial metabolic pathways
and its corresponding enzymes. Indiscriminate disposal of heavy metals in nature
has a huge detrimental impact on the environment and ecosystem. Thus the
minimal concentration of heavy metals should be maintained in environment with
proper real-time monitoring. In general, ionic chromatography, mass spectrom-
etry, inductively coupled plasma; polarography and usage of ion-sensitive elec-
trodes are the most abundant approaches to detect the heavy metal contamination in
nature. However, these current approaches suffer due to lower electrode selectivity,
inaccurate response, and higher cost. Moreover, current avenues are not directly
consociated with toxicity impact of these heavy metals. In general, algal alkaline
phosphatases are a hydrolase (EC 3.1.3.1) class of enzymes, present in external
membraneofmicroalgal regimes.Alkaline phosphatase enzyme transformsphospho-
ester molecules into soluble inorganic phosphate. However, its catalytic activity has
strongly been inhibited in the presence of trace amount of heavy metals. This partic-
ular feature of algal phosphatase helps to detect these toxic heavy metals in nature
even these are present in minute quantities. Based on this current global scenario,
the current study is to focus on in silico screening and identification of algae-based
alkaline phosphatases following systems biology approaches. The present study will
help to (i) find out novel algae-based putative alkaline phosphatase protein sequences;
(ii) bioinformatics and phylogenetic studies toward in silico characterizations, and
(iii) algae-based alkaline phosphatase enzyme affinity toward diverse heavy metals
especially cadmium and mercury. Therefore, this systems biology approach will
accelerate the usage of algae-based alkaline phosphatase as a sustainable biosensor
to detect the minute level of heavy metal toxicity in nature in the near future.
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1 Introduction

Heavy metals are omnipresent in diverse chemical states in the ecosystem. The
ecosystem has been contaminated by several anthropogenic activities likely munic-
ipal, agricultural, industrial, and mining waste effluent disposals, which are highly
impoverished with toxic heavy metals. Animal and plants are both directly or indi-
rectly intoxicated due to vulnerability of these heavy metals that are present in
contaminated rhizosphere,water supplies, and foods, respectively (Mishra et al. 2017;
Rana et al. 2018). Among several heavy metals, cadmium (Cd) and mercury (Hg) are
considered as highly toxic threat to environment and human health (Chibuike and
Obiora 2014; Henkler et al. 2010). Heavy metal stress induces several alterations
in plant physiology and metabolic activities in a dose-dependent manner. These
heavy metals especially cadmium and mercury compete with essential micronu-
trients (potassium, phosphorous, and zinc) absorption by root in plant bodies and
cause nutrient deficiency (Zhuang et al. 2014). Cadmium heavily inhibits chlorophyll
content, photosynthetic rate, photosystems II quantum yield, stomatal conductance,
and intracellular carbon dioxide assimilation (hindering Rubisco enzymatic activity).
It causes immense influence on nitrate metabolism by inhibition of nitrate uptake,
nitrate transportation. Cadmium induces protease activity; it reduces metabolic effi-
cacy of nitrate metabolizing enzymes (i.e., nitrate reductases, nitrite reductases) and
ammonia-assimilating enzymes (i.e., glutamine synthetase, glutamine oxoglutarate
aminotransferases, and glutamate dehydrogenase) (Singh et al. 2016). Cadmium
generates reactive oxygen species (ROS) in respective organelles, i.e., chloroplast,
mitochondria, and peroxisomes via reduction in the photosynthetic electron trans-
port chain and disturbances in carbon dioxide sequestrations (Mittler et al. 2004).
Mercury is abundant in nature and has enormous effect on kidney, causing protein-
uria (Reyes et al. 2013). Extensive exposure to mercury can increase the possibility
of immune, sensory, neurological dysfunctions having similar symptoms of autism
spectrumdisorders.Moreover,mercury affects antioxidants in the cellular system that
enhances loss of membrane integrity and cellular necrosis (Abdel 2015). Mercury
deposition induces ROS generation, mRNA expression of metallothionein, apop-
tosis, and proximal tubule damage (Agarwal et al. 2010). An alternative molecular
mechanism includes an increase in hydrogen peroxide concentration after mercury
exposure, which hampers glutathione antioxidant network. Moreover, mercury also
increases hydrogen peroxide level in brain and lipid peroxidation (Farina et al. 2011).

Therefore, it is an urgent need for real-time monitoring of minimal level of heavy
metals in our ecosystem to minimize heavy metal toxicity toward environment and
human health hazards. Different spectroscopy, chromatography, and ion-sensitive
techniques are in practice at present for heavy metal detections. However, these
current approaches suffer due to lower electrode selectivity, inaccurate response,
higher cost, and nonreal-time monitoring. Algal alkaline phosphatases (APs) (EC
3.1.3.1) are the class of hydrolase, which transform phosphoester molecules into
soluble inorganic phosphate. However, catalytic efficacies of APs have strongly been
inhibited in the presence of trace amount of heavy metals. This particular feature of
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algal AP helps to detect least quantities of toxic heavy metals in nature. Hence,
the current study focuses to tabulate novel putative algal APs through phylogenetic
analysis and to predict heavy metals (i.e. cadmium and mercury) affinity on algal
APs.

2 Experimental

In this current study, diverse ranges of algal APs (known and puta-
tive) protein sequences including EC 3.1.3.1 have been retrieved from
KEGG, Uniprot protein databases including following unique protein Ids, i.e.,
Vca_Pho (Volvox carteri): XP_002958226.1; Cre_Pho (Chlamydomonas rein-
hardtii): XP_001702318.1; Lyn_Pho (Lyngbya sp. PCC 8106): ZP_01623784.1;
Scy_Pho (Synechocystis sp.PCC 6803): BAA16956.1; Sco_Pho (Synechococcus
sp.PCC 7942): AAA27331.1; Nos_Pho (Nostos sp.PCC 7120): BAB76990.1;
SynWH5_Pho (Synechococcus sp.WH5701): EAQ75607.1; SynWH8_Pho (Syne-
chococcus sp. WH8120): NP_898480.1; Sel_Pho (Synechococcus elongatus PCC
6301): YP_170873.1; Cya_Pho (Cyanothece sp.ATCC 51142): B1WW62; Gci_Pho
(Gloeothece citriformis PCC 7424): B7KHT5; Pma_Pho (Prochlorococcus marinus
NATL1A): ABM75708; Cpa_Pho (Calothrix parietina): A0A0T7BMF5; Ava_Pho
(Anabaena variabilis ATCC 29413): Q3M5K7; AhaA2_Pho (Aphanothece halo-
phytica A2): F5HRA6; Aha_Pho (Aphanothece halophytica): F5HRA4. Retrieved
protein sequences have been undergone multiple sequence alignment and phyloge-
netic studies using ClustalW andMolecular Evolutionary Genetics Analysis (MEGA
4.0) software considering NJ algorithm (Tamura et al. 2007). Putative protein 3D
homology models have been generated using SWISS Model online server (Water-
house et al. 2018) considering the most similar protein model in protein PDB
database. Putative protein model qualities have been evaluated through Ramachan-
dran plot, Global Model Quality Estimation (GMQE), MolProbity Score (Water-
house et al. 2018). Afterward, transmembrane helices in protein sequences have been
predicted to make sure which enzymes are secretory in nature (Krogh et al. 2001).
Finally, putative protein models have been docked with two selected heavy metals,
i.e., cadmium and mercury to predict the metal affinity and amino acid residues
involvement in these interactions using MIB webserver (Lin et al. 2016).

3 Results and Discussion

Homology modeling using SWISS Model server has shown that most of algal
AP models exist in the favored region in Ramachandran plot (average value
of 82.5%) and MolProbity value around 2 having average sequence similarity
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of about 50%. Phylogenetic study on algal APs has been carried out consid-
ering the following sequences Vca_Pho (Volvox carteri); Cre_Pho (Chlamy-
domonas reinhardtii); Lyn_Pho (Lyngbya sp.PCC 8106); Scy_Pho (Synechocystis
sp.PCC 6803); Sco_Pho (Synechococcus sp.PCC 7942); Nos_Pho (Nostos sp.PCC
7120); SynWH5_Pho (Synechococcus sp.WH5701); SynWH8_Pho (Synechococcus
sp. WH8120); Sel_Pho (Synechococcus elongatus PCC 6301); Cya_Pho (Cyan-
othece sp.ATCC 51142); Gci_Pho (Gloeothece citriformis PCC 7424); Pma_Pho
(Prochlorococcus marinus NATL1A); Cpa_Pho (Calothrix parietina); Ava_Pho
(Anabaena variabilis ATCC 29413); AhaA2_Pho (Aphanothece halophytica A2);
Aha_Pho (Aphanothece halophytica). Phylogenetic studies have shown that eukary-
otic algae (Vca_Pho and Cre_Pho) and prokaryotic algae, i.e., cyanobacterial exist
in different clades (Fig. 1).

Metal ion binding (MIB) in silico studies have clearly shown that Sel_Pho,
Sco_Pho, Aha_Pho, and Lyn_Pho are the most predominant algal APs that can be
used as biosensor enzyme to detect cadmium heavy metal toxicity in environmental
samples in different habitats (Fig. 2). In cadmium-based Aps, affinities have been
governed by aspartic acid, asparagine, and glutamate amino acids in protein chain
A.

In the contrary, SynWH8_Pho, Sel_Pho, Sco_Pho, and Cre_Pho are the most
predominant algal APs that can be used as biosensor enzymes to identify mercury
toxicity in environmental samples following in silico enzymatic affinity assay (Fig. 3).
In mercury-based alkaline phosphatase, affinities have been governed by alanine,
glycine, and serine amino acids in protein chain A.

Moreover, TMHHManalysis has shown that most of the algal APs are secretory in
nature excluding Cre_Pho, Nos_Pho, Pma_Pho, Cpa_Pho, Ava_Pho, and Aha_Pho
(Fig. 4).

Fig. 1 Phylogenetic analysis
of putative and known algal
alkaline phosphatase (at 500
bootstrapping)
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Fig. 2 Metal ion binding affinity prediction studies with cadmium (higher the metal ion binding
affinity stands for higher degree of inhibition of alkaline phosphatase activity)

Fig. 3 Metal ion binding affinity prediction studies with mercury (higher the metal ion binding
affinity stands for higher degree of inhibition of alkaline phosphatase activity)

4 Conclusion

Preliminary in silico prediction has clearly been shown that Sel_Pho, Sco_Pho,
Aha_Pho, and Lyn_Pho are the most predominant algal APs that can be used as
biosensor enzymes to detect cadmium heavymetal toxicity in environmental samples
in different habitats. On the other hand, SynWH8_Pho, Sel_Pho, Sco_Pho, and
Cre_Pho are the most predominant algal APs that can be used as biosensor enzymes
to identify mercury toxicity in environmental samples. However, TMHHM analysis
depicts Aha_Pho and Cre_Pho may not be useful enzymatic sensors as these puta-
tive enzymes having transmembrane domain where transmembrane segment may
cause slow or no release of enzymes from algal species. Hence, Nos_Pho, Pma_Pho,
Cpa_Pho, Ava_Pho, SynWH8_Pho, Sel_Pho, Sco_Pho could be the most promising
choice as algal AP enzyme-based heavy metal-detecting biosensor in near future
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Fig. 4 TMHHM prediction studies using naive and putative algal alkaline phosphatases (red color
bar indicates transmembrane segment, blue and pink lines indicate inside and outside themembrane,
respectively)

after proper in vitro and in vivo validation of the aforementioned in silico predic-
tion studies. However, putative protein PDB model needs to undergo crystal struc-
ture development, dynamic simulation analysis, and trajectory generations as future
up-gradation studies to improveproteinmodel accuracy andbetter data interpretation.
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Origin of Enantioselectivity: A Model
Study of Sharpless Epoxidation

Nabanita Paul

Abstract An enantiomerically pure substance has paramount physiological impor-
tance. Synthetic chemists aimed to produce drugmolecules primarily target to synthe-
size pure enantiomer. Enantiomers are optically active stereoisomers so in order
to accomplish products with high enantiomeric excess, asymmetric synthesis must
be designed judiciously. Mimicking nature’s selective aptitude of biosynthesis is
always considered a crucial challenge for synthetic chemists. The main target of
drug designing is to attain skill in this specialized section. Racemization during asym-
metric synthesis occasionally disappoints synthetic chemists by widely disrupting
biophysical, biochemical characteristics of the synthesized compound. Kinetic reso-
lution, however, is able to separate two enantiomers. Among innumerable synthesis,
only a few are found to be associated with high enantiomeric excess yield. Contribu-
tion of enantioselective epoxide synthesis by Sharpless epoxidation is no less impor-
tant in drug industry. Most striking feature of Sharpless epoxidation is materials used
for producing enantiospecific epoxide are inexpensive. Product spread consisting of
one predominating chiral epoxide is efficiently resolved. The current communication
is aimed to analyse Sharpless epoxidation from analytical angle of a chemist using
a model study of transition state structure using DIPT as chiral auxiliary and drives
to find the underlying basis responsible for channelizing only one enantiomer at the
suppression of other.

Keywords Diastereotopic TS · Kinetic resolution · Sharpless epoxidation

1 Introduction

The physiochemical activities are extremely specific. Almost all biochemical
responses are enzyme-controlled processes. Enzymes are chiral substances. The
degree of sensitivity is a function of chirality of the foreign moiety. In this circum-
stance, onus is on the synthetic chemists to synthesize enantiomerically pure
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compounds. In spite of all precautions, the reaction atmosphere often creates a portal
that leads to racemization. To reach the target, a chemist is left with two options.
Either by designing a method that perfectly proceeds through a specific reaction
route that selectively siphoned specific chiral molecule or choosing a second option
consisting of meticulous separation method that is able to separate two enantiomers.
The second method is termed kinetic resolution (Martin et al. 1981). In 1980, K.
B. Sharpless and T. Katsuki introduced a breakthrough epoxidation process which
efficiently satisfies both criteria (Katsuki and Sharpless 1980). In the present context,
origin of resolution is attempted to realize covering a model study of transition struc-
ture of the epoxidation based on data available on kinetic resolution method (Gao
et al. 1987). Two enantiomeric allylic alcohols constitute two diastereotopic transi-
tion states with considerably higher difference of �G�=. This difference is reflected
in relative rate difference, making separation of pure enantiomers feasible.

2 Experimental Section of Sharpless Epoxidation

Katsuki et al. reported a reaction kettle is charged with dichloromethane (DCM)
in ice-cold (−20 °C) condition. Titanium (IV) tetraisopropoxide (1 equivalent), (+)
DIPT (1.2 equivalent), 1 equivalent amount of racemic allyl alcohol, and 2 equivalent
TBHP are injected by a syringe and stirred in ice-cold condition. After completion of
the reaction, this cold mixture is introduced to another precooled (−20 °C) acetone–
water mixture. The homogeneous solution is kept for a stipulated period of time
(Katsuki and Sharpless 1992). Tartrate hydrolysis and subsequent chromatographic
separation resolve enantiomerically pure epoxide.

2.1 Description of Produced Enantioselective Epoxide
with Specific Orientation

In Scheme 1, epoxide ring and lowest priority atom (hydrogen) of adjacent chiral
centre are considered for Erythro (E) and Threo (T) designation.

3 Results and Discussion

Many instances are demonstrated by K. B. Sharpless, only four instances are consid-
ered in this article. The percentage of allylic alcohol consumption during epoxidation
is not exactly known yet for some Z-alkenes, this is reported up to 55± 1%. In Table
1, optical purity of epoxides and their erythro–threo orientation related to Sharpless
asymmetric epoxidation are highlighted.
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Scheme 1 Differential Aptitude leading to enantioselective products

This is clear allyl alcoholwith E-geometry produced almost enantiomerically pure
epoxide while allyl alcohol with Z-orientation fails to maintain optical purity. When
resolution is performed epoxide of the first and second compound response to quick
resolution (Katsuki and Sharpless 1992). The kinetics data sound a better tool for the
current analysis. The rate of reaction is dependent upon chiral catalyst, substrate and
oxidant. The expected third-order reaction is recorded as pseudo first-order since
in the final workup schedule, two equivalent isopropyl alcohols are appeared as
biproduct.

Rate = K

[
Ti(tartrate)2(OR)2

]
[TBHP]

[
Ally alcohol

]

[
Isopropyl alcohol

]2 (1)
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Table 1 Yield of epoxy alcohol by Sharpless asymmetric epoxidation

Configuration of alkene and chiral centre
of allyl alcohol

Observed yield in % ee E:T ratio of epoxyalcohol

E,R >95 98:2

E,S >96 38:62

–,R >96 99:1

Z,S ~10 2:98

3.1 A Proposed Model Based on Structure–Activity Concept

This section would deal with substrate, catalyst, oxidant and chiral auxiliary aggre-
gate and attempt to sketch how geometry of participating entities regulates ultimate
association resulting specificity.Molecular weightmeasurement suggests a dinuclear
titanium–tartrate complex appears in the reaction (Katsuki and Sharpless 1980). In
this article, the proposed model structure is constructed purely on the basis of geom-
etry of constituent chemicals producing epoxide. In support of the proposed model,
reported experimental technique is kept under strong vigil (Katsuki and Sharpless
1992). In the reported one pot synthesis, titanium (IV) tetra isopropoxide acting as
the catalyst, chiral auxiliary (+)-tartrate ligand, substrate allyl alcohol and peroxi-
dating reagent TBHP, were added sequentially in 1:1:1:2 ratio. It is obvious during
synthesis, first interaction takes place between titanium (IV) tetra isopropoxide and
tartrate ligand. These two together construct such an aggregate that allows further
incoming chemicals in specific position. Tartrate ligand simultaneously links with
two Ti(IV) by covalent and co-ordinate bonds and thereby forms a dinuclear coordi-
nation compound. The best structure commensurate with dinuclear geometry is edge
fused two irregular octahedrons in which central positions are occupied by Ti(IV).



Origin of Enantioselectivity: A Model Study of Sharpless … 443

The basal plane of this fused octahedron is constructed by tartrate ligand. To avoid
steric interaction to maximum extent, two tartrate ligands approach the basal plane
from diametrically opposite side. Tartrate ligand has two different ligating sites of
which alkoxy oxygen satisfies both covalent and co-ordinate valency and carbonyl
oxygen of ester moiety initiates only co-ordinate linkage. In order to make the struc-
ture intact, alkoxy oxygens of tartrate ligand satisfy two consecutive covalent valen-
cies of Ti(IV) making a five-membered chelate. Between two alkoxy oxygen atoms,
one is positioned at fused corner. These oxygens show special bonding features by
linking one Ti(IV) with covalent bond and connecting another Ti(IV) by coordi-
nate linkage. In this way, three valencies of hexavalent Ti(IV) are fulfilled by chiral
auxiliary. Remaining valency on equatorial plane is satisfied by initially attached
isopropoxide ligand. One axial site is also linked with isopropoxide ligand by a
covalent bond and its opposite axial site has a provision of linking with carbonyl
oxygen by co-ordinate linkage. In this way, both primary and secondary valencies
of Ti (IV) are satisfied. The role of ester moiety is vital since experiment carried out
with ligand having no group capable of maintaining co-ordinate valency at axial site,
losses enantioselectivity. In epoxidation experiment, optically pure tartrate is used
so orientation of ester groups forces carbonyl groups to align in anti-parallel fashion.
Carbonyl oxygen of ester group initiated co-ordinate linkage with Ti(IV) ion and as a
consequence locks this site until and unless another ligand with co-ordinate bonding
ability approaches. If the catalyst–chiral auxiliary aggregate is closely scrutinized,
then each Ti(IV) nucleus is found associated with two isopropoxide ligands, one is
in equatorial plane and other is in axial plane. In the one-pot synthesis, next step
is the loading of allyl alcohol which under experimental condition easily generates
alkoxide ligand which attempts to substitute similarly behaved isopropoxide ligand
from catalyst surface. Two options are left with incoming allyl alkoxide ligand,
either to replaced axially linked isopropoxide or equatorially attached isopropoxide.
Among two possibilities, only axially anchored allyl alkoxide ion has the poten-
tial to generate specific epoxide. Final step of the synthesis is associated with the
addition of peroxidating agent. TBHP has two vicinal oxygen atoms in which end
oxygen has the ability to produce oxide linkage while intervening oxygen being
attached to electron releasing tertiary butyl group has the ability of developing co-
ordinate bond. These features together add a property within TBHP by which it
can simultaneously shed two ligands from catalyst–chiral auxiliary substrate trio
surface. End oxygen of peroxide gets connected with Ti(IV) using covalent linkage
thereby displace isopropoxide ion from equatorial position while intervening oxygen
is in a geometrically feasible position to initiate co-ordinate linkage with Ti(IV).
Ester group linked with Ti(IV), carried out rotation around C1–C2 bond of tartrate
ligand, deblocks the axial site of catalyst surface. This allows nice attachment of
oxidant using one covalent and one co-ordinate bond. In short, two vicinal oxygen
atoms of peroxide, anchored itself along one edge of the octahedron and this specific
attachment suggests octahedron arrangement around one Ti(IV) has Z-in compressed
geometry. This compression tendency is justified in Scheme 2. In thisway, four chem-
icals together develop a chiral surface, which maintains a high degree of enantios-
electivity during interaction between alkene moieties with peroxide. This geometry
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Scheme 2 Morphology of catalyst surface

suggests substrate allyl alcohol and oxidant peroxide are attached with two axial
sites of Ti(IV). Now, if non-linear distance of allyl alkoxide appears such that linear
distance between axially bound alkoxide oxygen of substrate and mid-position of
alkene is shorter than edge of octahedron constructed by Ti(IV)-centred aggregation,
then alkene moiety always remains hanging top of peroxidating oxygen. Aggregate
of four thus constructs a chiral surface which allows only Re-facial attack of oxygen
during epoxidation when catalyst surface is tuned with (+) tartrate as chiral auxiliary.
Tartrate in optically pure form locks one axial site from a specific direction scratching
the route of specificity.

3.2 A Prediction for the Morphology of Catalyst

Performing a simple geometrical analysis, one can visualize morphology of catalyst
surface. The height of a regular octahedron with edge a from basal plane is 0.707a.

This is now correlated with chemical information. Peroxo linkage of oxidant is
needed to be alignedwith an edge, hence a is taken as 0.1807 nm. Thus height appears
as 0.1278 nm. Titanium(IV) tetraisopropoxide is a basic component for catalyst. The
ionic radius of TiIV is 0.064 nm andO2− is 0.14 nm. The Ti–O bond length is likely to
be 0.204 nm. This suggests considerable Z-in compression of octahedral unit lattice
of catalyst. A distortion from regular octahedron assists acquiring the aggregate a
dissymmetric outlook.

3.3 Resolution Strategy

A chiral auxiliary driven epoxidation opens an avenue towards the synthesis of
optically active epoxide. The epoch-making Sharpless Asymmetric Epoxidation
method efficiently executes the resolution method. Optically active diisopropyl
tartrate (DIPT) is found to offer better assistance as a chiral auxiliary than diethyl
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tartrate (DET) (Takano et al. 1991). The higher space-filling feature of isopropyl
moiety may play a crucial role in etching a reaction route yielding product with
high enantiomeric excess feature and thereby paves a fine way for resolution. In
kinetic resolution, emphasis was given on three facts, viz, the extent of conver-
sion, relative rate and enantiomeric enrichment achieved during resolution. Alkene
having E-geometry is resolved as erythro epoxide in a better manner. In case of Z-
stereoisomer, however, inclination of epoxide towards erythro form is abruptly less.
The (E.R) form is reported to exhibit higher relative rate difference. Higher Kfast

Kslow

illustrates (E,R) stereoisomer is resolved at a faster rate.

3.4 Model Study Based on Structural Formula

The rate of epoxidation as well as ratio of purified enantiomers can be perceived by
a model study. In this discussion, model structure is drawn on the basis of probable
geometry of participating molecules. In dimeric form of homogeneous catalyst, tita-
nium tetra isopropoxide, (+) DIPT is used as chiral auxiliary, the ligand isopropoxide
directs Re-facial approach of epoxidating oxygen, exclusively produces (S,R) form.
A model TS of allyl alcohol having (E,R) orientation is likely to be the structure as
shown in Fig. 1.

In the TS, incipient epoxide ring and hydrogen of chiral alcoholic carbon are in
same face. Space-filling moieties are so oriented that do not encourage repulsive
interaction. When chiral carbon having alcoholic –OH group is in R-orientation, Re-
facial approach of epoxidating oxygen seems very likely as hydrogen not cyclohexyl
group is projected along this face. Moreover, electron-releasing effect of isopropyl
group of tartrate can set an attractive interaction. All these decrease energies of
TS specifically produce (S,R) epoxide at a faster rate. This TS produces epoxide
with extremely high optical purity (96%). Rate enhancement and product selectivity
together assist kinetic resolution. The approach from Si-face has a very low proba-
bility. The stepwise addition allows rotation about C–C bond prior to epoxide ring
formation giving rise to (RR) product. This possibility is extremely low owing to
highly energized TS. Now, the same reaction route is analysed with enantiomeric
allyl alcohol in (E,S) form as shown in Fig. 2.

In TS, incipient epoxide ring and cyclohexyl group of chiral alcoholic carbon are
in same face. The tartrate ligand-guided reaction route makes product spread of (E,S)
isomer into 62% SS isomer and 38% RS isomer. First one, i.e. SS form is formed by
Re-facial approach of epoxidating oxygen while second one, i.e. RS form is resulted
from Si-facial attack. Interaction between more space-filling cyclohexyl group and
epoxidating ring is mandatory in the Re-facial approach of epoxidating oxygen. Van
der Walls repulsive interaction greatly hinders epoxidation resulting only 62% SS
isomeric epoxide. This enhances the magnitude of KT(S,S)

KE(R,S)
.

The alkyl group of tartrate ester group does offer an influence on the reaction
course. Among several chiral auxiliary (+), DIPT is found to be best for kinetic
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Fig. 1 A model structure of diastereotopic TS produced by Re-facial approach of epoxidating
oxygen

resolution. Electron-releasing effect of alkyl group is supposed to be one feature for
its selectivity. More space-filling group strongly imposes a geometrical constraint
which siphones (E,R) alcohol more towards epoxide.

3.5 Justification of Scheme 1 by Model TS Structure

The discussion covered in this section considers allyl alcohol as starting compound
in which carbon-bearing alcoholic hydroxylic group is a chiral centre and adja-
cent double-bonded carbon is a prochiral carbon. The product spread obtained from
Scheme 1 is represented in Table 2.

The model based on stochiometry ratio of reacting components clearly illustrates
dimeric structure of catalyst. Attachment of chiral auxiliary allows trans coordina-
tion of substrate through alcoholic oxygen and oxidant peroxide. Chiral auxiliary
when change from diethyl tartrate to diisopropyl tartrate, stereoelectronic factor of
isopropyl group offers a stringent action on catalyst–substrate–epoxidating agent
aggregate. And trans orientation of substrate–oxidant arrangement hardly allows
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Fig. 2 A model structure of diastereotopic TS produced by Re-facial approach of epoxidating
oxygen

Table 2 Orientation of existing and developing chiral centres

Approaching face Substrate: optically active allyl alcohol

Chirality of alcoholic centre R S

Re-face Prochiral centre appears S SR (98%) SS (62%)

Si-face Prochiral centre appears R RR (2%) RS (38%)

epoxidating oxygen for Si-facial attack. As a result of Re-facial approach of epox-
idating oxygen on (E,R) isomer of allyl alcohol, optically active epoxide bears a
specific geometry showing (S,R) orientation for two chiral centres. Experimentally
reported data suggest this isomer is almost enantiomerically pure with ee 96%. In
case of S-configuration of starting alcohol, it projects more space-filling cyclopropyl
group towards developing epoxide ring. And these two interact with bulky isopropyl
group of chiral auxiliary which waived strict course of Re-facial approach of epoxi-
dating oxygen and permits Si-facial attack to take place in lesser extent. As a result,



448 N. Paul

starting with (E,S)-allyl alcohol, Re-facial attack is recorded to yield 62% (S,S)
isomer while Si-facial approach also left a considerable contribution like 38% for
(R,S) isomer making product only 24% optically pure.

4 Conclusion

The model study states the origin of enantioselectivity in Sharpless epoxidation
has been linked to geometrical constraint noticed in the aggregate of homogeneous
catalyst, substrate and epoxidating reagent in transition structure. The analysis also
points out best synthetic strategy for producing enantiomerically pure epoxide must
start with an optically pure R-allyl alcohol and to direct predominating Re-facial
epoxidation, tartrate-based chiral auxiliary must contain a more space-filling and
more electron-releasing moiety. These epoxides appear as potential synthons for
many drug molecules. Occasionally this is noticed that an in vitro active substance
is almost inactive in in vivo atmosphere. Laborious attempts of synthetic chemists
clinch enantiomerically pure substances in a substantial amount. The flavour of asym-
metric synthesis is realized by performing resolution. The loss of more reactive half
of enantiomers may often turn beneficial. Exclusion of one enantiomer from racemic
mixture is a cherished target in synthetic chemistry. In this article, model based on
geometry of structuresmeticulously illustrates dynamicity of the homogeneous catal-
ysis leading to peerless resolution of enantiomerically pure epoxides in Sharpless
asymmetric epoxidation. It is this enantioselectivity that plays a key role in providing
characteristic features within molecules to attain bioselectivity.
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Electron Momentum Distribution
Around Vacancy Cluster in CdO
Nanoparticles

Anjan Das

Abstract Very small-sized cadmium oxide nanoparticles were prepared by sol–gel
process using cadmium chloride and sodium hydroxide as precursor. Two solutions
of 0.2 M CdCl2 and 0.2 M NaOH were used with a mixture of 1:2 ethylene glycol
and methanol. The particles are in the range 9–22 nm. X-Ray Diffraction (XRD)
crystallography and High-Resolution Transmission Electron Microscopy (HRTEM)
were carried out to characterize the samples. They are found polycrystalline in nature
and possessed fcc (NaCl-type) structurewith lattice parameter varyingwith annealing
temperature. In the XRD spectra, the (111), (200), (220), (311), and (222) peaks of
fcc structure can be seenwithout any other phases. HRTEMpictures show that the as-
prepared samples are hexagonal in structure. Positron annihilation spectroscopy was
carried out to investigate the Doppler-broadened spectra of the samples. The CDBS
ratio curve showed a characteristic peak at pL = 18.7× 10–3 m0c in the spectra of all
the samples. It indicated the sites of positron annihilation inside thenanoparticles. The
S andW parameters revealed the chemical surroundings and momentum distribution
of the vacancy clusters varying with crystallite size. The lineshape (S) parameter
showed a remarkable change and wing (W) parameter continuously increased with
decreasing crystallite size.

1 Introduction

In this era, the nanomaterials have drawn much attention for its wide application
and an increase in basic knowledge in material (Das et al. 2018) research. It is
possible that structural, optical, and electrical properties of a metal oxide nanoma-
terial be changed with its particle size or thickness. Cadmium oxide (CdO) is a
wide bandgap p-type semiconductor (Yao et al. 2013). Various methods have been
adopted to synthesize CdO nanoparticles (Liu et al. 2002, 2003) in low cost to use
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them in technological applications. Among the synthesis procedures, the sol–gel
process is advantageous for its low cost, simple method, and production of high
purity, size-controlled nanoparticles. The fabrication of three different CdO samples
was achieved by sol–gel method followed by annealing in 400, 450, and 500 °C to
obtain various crystallite sizes. The size, crystal structure, and morphology of the
samples are discussed. Positron annihilation spectroscopy has been carried out to
defect characterization and to closely observe the core electron structure with the
changes in particle size.

2 Experimental Details: Synthesis of Samples

Two different solutions were prepared by dissolving 0.1 M CdCl2 and 0.1 M NaOH
in 40ml and 200ml distilled water. Another mixture of ethylene glycol andmethanol
was prepared in 1:2 ratio. Ethylene glycol mixture was added to NaOH solution and
stirred for 1 h. Then CdCl2 solutionwas added and stirred for 2 h. Amilkywhite solu-
tionwas obtained. The precipitatewas formed by adding acetone to it. The precipitate
was washed by methanol and heated to 70 °C to evaporate the methanol. Then the
dried precipitate was annealed in a furnace at 300 °C. By changing the concentration
of ethylene glycol, two other samples of different particle sizes were prepared. X-ray
diffraction (XRD) patterns of the samples were recorded with Bruker D8 Advance
diffractometer using Cu Kα (λ = 1.5406 Å) radiation at 40 kV and 40 mA. All
the samples were scanned from 20° to 85° with a scanning speed of 2° (2θ ) per
minute. HRTEM images were taken with a JEOL (Model JEM 2200FS) microscope
operating at 200 kV. To carry the Coincidence Doppler-Broadening measurements, a
10μCi strong 22Na source was used. The source was kept immersed inside a column
of powdered sample taken in a glass tube. The source and sample were kept in
a moisture-free condition. Coincidence Doppler-Broadening (CDB) measurements
were done with two high-purity germanium detectors (HPGe) of energy resolutions
1.33 keV and 1.27 keV at 0.511 meV. Analysis was done with AMPS (Chatterjee
et al. 2013). About 2.0 × 107 coincidence events were accumulated under CDB
spectrum.

2.1 Result of X-Ray Diffraction Spectroscopy

Figure 1 shows the XRD patterns of three CdO nanoparticulate samples. Our peaks
agreewell with the standard values (JCPDSCardNo. 05-0640) fromwhich the purity
of the samples is confirmed and face-centered cubic structure is clearly seen. The
lattice constant of bulk CdO is 4.77 Å (Yao et al. 2013). From the XRD data, we
have measured the lattice constant of each sample. From the most intense broadened
peak width, the average crystallite sizes of the different samples were estimated by
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Fig. 1 X-ray diffraction spectra of synthesized samples

using the Debye–Scherrer equation (Cullity 1956) and they varied from 9 to 22 nm.
Table 1 shows the crystallite size and their lattice constant.

It is seen fromTable 1 that as particle size increases, lattice constant also increases.
The decrease in lattice constant with decreasing particle size can result from strain
induced by the increasing number of surface atoms (i.e., the atoms less surrounded
by neighbor atoms) in an effort to minimize the surface free energy. Unlike in a bulk
solid or coarse crystallite where the number of core atoms far outnumber the surface
atoms and offer stiff resistance to surface reduction, the inner core of a nanoparticle
is soft enough to contract in order to facilitate the minimization of surface energy.

Table 1 The crystallite size, lattice constant, and concentration of CdCl2

Crystallite size (nm) Lattice constant ( Ȧ) Concentration of CdCl2 (M)

9 4.7986 0.10

17.5 4.8012 0.15

22.0 4.8052 0.20
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Fig. 2 HRTEM images of (a) 22 nm and (b) 9 nm samples

3 Results and Discussion

3.1 HRTEM Analysis

Figure 2 shows HRTEM images of two of the samples (Fig. 2a, b). The samples
entirely consist of CdO nanoparticles of sizes 10 and 20 nm. The crystallites are
hexagonal and uniform in shape and size. The crystallite sizes obtained fromHRTEM
images did not match exactly with the results from XRD data, and it is very natural
for the experiments. The well-developed lattice fringes are also visible.

3.2 Coincidence Doppler-Broadening Analysis

The relative variation of positron annihilation parameters with electrons of the
different elements present in a sample can be understood with coincidence Doppler-
broadening measurements. The momentum conservation during the annihilation
process gives a tool to study the momentum distribution of electrons in the solid. The
momentum of the positron after thermalization is significantly smaller than that of
most electrons. An advantage of themomentum distribution techniques is their sensi-
tivity to the chemical environment of the annihilation site, which is higher compared
with the positron lifetime spectroscopy. This is because the momentum distribution
information is more influenced by the chemical surroundings (Das et al. 2016) than
the electron density. The results of CDBS measurements are illustrated in Fig. 3.
The figure shows the ratio curves obtained from the one-dimensional projection of
Doppler-shifted energy distribution along the energy absorption channel and dividing
the same by an identical distribution from a reference sample. A characteristic peak is
observed at pL = 18.7× 10–3 m0c in the spectra of all the samples. This is attributed
to positron annihilation with the 2p electrons of O2− ions and it indicates the trap-
ping and annihilation of positrons in the cationic vacancies or vacancy clusters. The
S-parameter is calculated from its definition—the ratio of the counts under central
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Fig. 3 Peak-normalized
positron lifetime spectra of
samples

area of the 511 keV photopeak to the total counts under the whole spectrum. The
S-parameter represents the fraction of positrons annihilating with the electrons of
low momentum with respect to the total number of annihilated electrons. The W-
parameter is the ratio of the counts in the wings of the curve of detected gamma
radiation to the total, representing high momentum core electrons. When positron
and electron annihilate inside a defect of a material, two gamma rays are usually
produced, of approximate energy 511 keV each. Gamma-ray energy can be affected
by the relative momentum of the particles.We have plotted the gamma photon versus
channel number curve using the software AMPS. From the plot of S parameter versus
crystallite size (Fig. 4), it can be seen that S increases when crystallite size increases,
and the trend alters for 22 nm sample. The initial sharp increase in S indicates vacancy
clustering inside the nanoparticles. On the other hand, the moderate decrease in S
again emphasizes the different types of defects. The CDBS ratio curve shows the
peak again shifting toward highermomentum side for 22 nm sample. The S parameter
decreases, which indicates the formation of phases other than CdO like Cd(OH)2.
When nanocrystallite size increases, the surface to volume ratio decreases as more
and more molecules are gathered inside a particle and increases the volume. The
variation of S may have been influenced by the formation of positronium states also
inside the larger nanoparticles. I have taken the total count of six consecutive channels
on each wing of the curve to calculate the W parameter. The increase in concentra-
tion of CdCl2 forces the vacancy-type defects to agglomerate. The W parameter has
shown an increasing trend with decrease in crystallite size.
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Fig. 4 Variation of S and W parameters of samples with nanocrystallite size

4 Conclusion

An understanding of size variation of cadmium oxide nanoparticles influences the
crystal structure and defect characteristics have been studied in this report. Besides,
the results of X-ray diffraction measurements and TEM studies are also reported.
These showed lattice constant variation in one direction and similar shape and sharp
lattice fringes. The positron annihilation spectroscopy showed the peak shift in lower
momentum direction for 9 and 17.5 nm samples and toward higher momentum
direction for 22 nm sample. In summary, the size variation successfully shows the
agglomeration of defects.
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Isolation, Screening, and Evaluation
of Cellulase-Producing Bacteria
from the Soil of Similipal Biosphere
Reserve for Biofuel Production
from Lignocellulosic Biomass

Manish Paul, Soumya Ranjan Meher, Subhadarshini Giri,
and Hrudayanath Thatoi

Abstract Lignocellulose is found in nature as an alternative source of energy and
can be used for the production of bioethanol. Cellulose, one of the most abundant
components of lignocellulose can be hydrolyzed using enzymes cellulase to produce
glucose, which can be used for the production of ethanol. Cellulase production from
cellulolytic bacteria is challenging.Hence, research has been focused on isolation and
identification of efficient cellulolytic bacteria for their use in bioethanol production.
In the present investigation, the most potent screened bacterial strain was subjected
to optimization of its cellulase production by using response surface methodology
taking four independent variables such as substrate concentration, pH, temperature,
and incubation time. The optimization result showed that the bacteria had amaximum
production of cellulase enzyme of 617.71 U/mL in an optimized condition at an
incubation time of 42 h, pH 9, carboxy methyl cellulose (CMC) concentration of 15
gm/L, and temperature of 37.5 °C. The strain, SCB9, was identified as Bacillus albus
based on the 16S rRNA sequencing and phylogeny analysis. Overall results from this
study indicate that the cellulolytic bacteria SCB9 is a potent candidate for cellulase
production, which can be exploited for bioethanol production from lignocellulosic
biomass through adaptation of further appropriate biotechnological approaches.

Keywords Lignocellulosic biomass · Similipal biosphere reserve · Cellulolytic
bacteria · Cellulase · Response surface methodology · Enzyme optimization
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1 Introduction

Fossil fuel sources such as coal, oil, natural gas have contributed to the drastic
increase in the level of greenhouse gases in the earth’s atmosphere resulting in the
need for alternative energy sources that are environmentally friendly, renewable, and
sustainable (Ballesteros et al. 2006).Biomass is readily accessible around theworld as
residual wastes and agriculture biomass can be used as eco-friendly, renewable, and
sustainable energy sources. The most important and abundant renewable biomass
resources include crop residues such as corn straw, wheat straw, and rice straw.
China has abundant biomass resources, as it is one of the largest agriculture-based
economics in the world. China produces approximately 216 million metric tons
of corn straw per annum and more than half of that remains utilized. Corn straw
contains nonedible plant material so-called lignocellulose and is mainly composed
of cellulose, hemicelluloses, and lignin.

Bioethanol produced from lignocellulosic biomass promises to achieve a great
emphasis; however, the process has several challenges and limitations such as
biomass transport, biomass handling, and efficient pretreatment methods for total
delignification of lignocellulosic and appropriate fermentative organism. Conven-
tionally, bioethanol is produced from the processing of starch and sucrose-based feed-
stock, utilizing enzymatic liquefaction and saccharification, leading to the production
of relatively clean glucose pool. However, the food and feed crops for energy produc-
tion crisis have promoted the need for bioethanol production from sources other than
the feedstocks with direct food and feed values.

In the current study, soil sample was collected from Similipal Biosphere Reserve
(SBR). Similipal Biosphere Reserve located in the northern part of Odisha and
spreading over an area of 5578 km2 is one of the prominent biological hotspots
enriched in various floral, faunal, and microbial communities. The uneven geophys-
ical condition of this biosphere reserve influences the diversity of floral and faunal
distribution. Several studies in relation to flora and fauna diversity have been under-
taken in this ecosystem. However, very less attempt has been made to assess the
microbial diversity form this unique biosphere reserve. The soils of Similipal forests
are associated with lignocellulosic waste materials and are good source of lignocel-
lulolytic microorganisms. Hence, in the present study, an attempt has been made to
isolate and identify some of the cellulose-degrading soil bacteria from this biosphere
reserve and to assess the cellulose production ability for possible use in bioethanol
production from lignocellulosic biomasses. There are attempts being made in the
present study to isolate and screening of cellulose-degrading bacteria from the rhizo-
spheric soil sample fromSBR.Maximumcellulase enzyme production from themost
potent bacterial isolates has also been conducted using various parameters such as
temperature, pH, incubation time, and substrate concentration.
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2 Materials and Methods

2.1 Collection of Soil Sample

The soil samples were collected from seven different locations of Sitakunda and
Lulung regions of Similipal Biosphere Reserve.

2.2 Isolation of Cellulolytic Bacteria

Bacterial isolates were isolated by serial dilution method (Aneja 2007). 1 gm of each
of the respective soil samples was homogenized in 9 mL of sterilized sterile distilled
H2O taken in test tube and the suspension was then serially diluted up to 10–5 and
10–6, respectively.

2.3 Screening of Cellulolytic Bacteria

Each bacterial isolates were screened for cellulolytic activity using CMCase plate
assay (Muhammad et al. 2012). 10 µL of each bacterial broth was inoculated inside
4 mm pore made on the CMC agar plate. The CMC agar plates containing bacteria
inoculums were then incubated at 37 °C for 72 h. After incubation, CMC agar plates
were stained by 0.1% Congo Red solution for 1 h followed by distain using 1 N
NaCl solution for the determination of cellulose hydrolyzing zone surrounding the
bacterial growth on CMC agar plate.

2.4 Quantitative Assay of Bacterial Cellulase Activity

Quantitative assay of cellulase activity was estimated using DNS method (Miller
1959) by measuring the amount of reducing sugar hydrolyzed by individual bacte-
rial isolates. Each selected bacterial strain was cultured in nutrient broth medium for
overnight incubation at 37 °C. Incubated bacterial broths were individually trans-
ferred to sterilized 1-mL Eppendorf tube. Each Eppendorf tube was centrifuged at
10,000 rpm for 10min at 4 °C. Substrate solutionwas prepared by adding 1%ofCMC
with phosphate buffer (0.1 M) at pH 6.8. 0.5 mL of substrate solution and 0.5 mL
of each bacterial supernatant (crude enzyme) were taken in assay tube to form 1 mL
reaction mixture. Assay tubes containing the reaction mixture were then incubated
at 55 °C for 15 min in water bath. After the incubation of reaction mixture, 1.5 mL of
DNS solution was added in each assay tube and boiled at 100 °C for 10 min in water
bath to stop the reaction. Amount of reducing sugar released in the hydrolysis by
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Table 1 Range of values for independent variables used in Box–Behnken design (BBD)

Independent variables Symbols Units −1 (low value) 0 +1 (high value)

Incubation time A hour 12 42 72

pH B – 4.50 6.75 9.00

Substrate concentration C gm/L 2.0 8.5 15.0

Temperature D °C 30 37.5 45

each bacterial supernatant was measured using spectrophotometer at an absorbance
value of 540 nm. During the spectrophotometric analysis, 1.5 mL DNS and 1 mL
ddH2O were taken as reference. 1 unit of cellulase activity was expressed as 1µ/mol
of glucose liberated per mL of enzyme per minute.

2.5 Optimization of Cellulase Enzyme

2.5.1 Experimental Design of Process Parameters for Cellulase
Optimization Using RSM

For determining the optimum condition of cellulase activity, Box–Behnken designs
(BBD) was used. Box–Behnken designs are used to generate higher order response
surfaces using fewer required runs than a normal factorial technique. This tech-
nique essentially suppresses selected runs in an attempt to maintain the higher order
surface definition. Using four independent variables and BBD approach, the combi-
natorial effects of the incubation time, pH, substrate concentration, and temperature
were studied on cellulase enzyme production by the cellulolytic strain SCB9. Using
Box–Behnken method, the first and higher order may be the effects of each factor
and the interaction among them on cellulase activity was investigated. A total of 27
experimental conditions were designed using Design Expert 12 software optimiza-
tion toolbox to perform response surface methodology (RSM). The minimum and
maximum ranges of all the independent variables are given in Table 1.

Mathematical relationship of response (enzyme activity) and variables, i.e., A, B,
C, and D was approximated by a quadratic polynomial model equation.

2.5.2 Preparation of Bacterial Growth Medium and Extraction
of Crude Enzyme

Growth medium for bacterial isolates was prepared in 250-mL Erlenmeyer flask
containing culture broth medium containing (gm/L) K2HPO4, 1.0, KCl, 0.2;
MgSO4.7H2O, 1.0; yeast extract, 1.0; and pH adjusted to three different values (4.5,
6.75, and 15) with a range of substrate concentration of 2, 8.5, and 15 gm/L. All the
flasks containing CMC culture broth were autoclaved at 121 °C for 15 min. After
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sterilization, the flaskswere set to cool in room temperature and placed under laminar
flow keeping the UV light on. After few minutes, each flask was inoculated with 1%
standard inoculum (V /V ) of the SCB9 cellulolytic bacterial strain. The inoculated
flasks were then incubated on a rotary shaker (120 rpm) at specific temperatures (30,
37.5, and 45 °C) and for specific time (12, 42, and 72 h) as given in the experimental
design from the RSM calculation.

2.5.3 Quantitative Estimation of Cellulase Production

After incubation, according to the design experimental conditions, 1 mL of bacterial
from each flask was taken in the Eppendorf tube. In this study, cellulase activity
was measured in triplicate by preparing three Eppendorf tubes containing bacterial
cultures for each experimental condition. Each Eppendorf tube containing 1 mL
bacterial culture broth was centrifuged at 10,000 rpm for 10 min at 4 °C. After
centrifugation, the bacterial supplements were collected to perform the DNS assay
for the estimation of cellulase activity (Miller 1959). The predicted value of cellulase
activity obtained from each experimental condition was then used to generate three-
dimensional contour plots, regression analysis, and analysis of variance (ANOVA).

2.5.4 Statistical Analysis and Analysis of Variance (ANOVA)

Design Expert 12 (Stat Ease, Inc., Minneapolis, USA) was used for regression anal-
ysis of the experimental data to obtain working parameters and to generate poly-
nomials and the surface contour plots. A second-order polynomial equation was
established based on the analysis of variance, and the optimum ratio of experimental
variable was found using the same software. Standard deviation, p value, F value,
and R2 value were also analyzed.

2.5.5 Molecular Identification and Phylogeny Analysis

The most potent cellulolytic bacterial strain was identified using 16S rRNA
sequencing. The partial contig sequence obtained was further analyzed through
phylogeny tree in MEGA 7 (Kumar et al. 2016).

2.5.6 Model Validation

The mathematical generated during RSM implementation was validated by
conducting checkpoint studies. Experimentally obtained data were compared with
the predicted one and the prediction error was calculated.
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2.5.7 Molecular Identification of Cellulolytic Bacteria by 16S rRNA
Gene Sequencing

Molecular identification of the bacterial strain SCB9was performed using 16S rRNA
gene sequencing of the DNA isolated from the bacterium. For the DNA extraction
purpose, 1.5 mL of bacterial culture was centrifuged at 10,000 rpm to obtain bacte-
rial cell pellets. The 16S rRNA gene was amplified using Applied Biosystem Verti
Thermal Cycler. The primers for amplification were provided by Sigma-Aldrich.
Universal primers, 27 forward (5AGAGTTTCCTGGCTCAG3) and 1492 reverse
(5ACGGCTACCTTGTTACGATT3), were used for gene amplification. The pres-
ence of amplified gene productswas determined by 2.5% agarose gel electrophoresis,
and to analyze the size of amplified gene product, DNAmarkers of 100 bp were used
that were provided by the Puregene. Amplified 16S rRNA gene was purified using
a Gel DNA extraction kit (Qiagen, Seoul, South Korea) and sent for sequencing to
Applied Bioscience Eurofins, Bangalore.

3 Results and Discussion

3.1 Quantitative Assay of Bacterial Cellulase Activity

In accordance with the cellulose hydrolyzing plate assay, bacterial isolates SCB7,
SCB9, and SCB24 showed the highest cellulose-hydrolyzing activity as measured
in DNS method. Obtained spectrometric absorbance values of the three bacterial
isolates implied maximum amount of reducing sugar after the catalytic activity of
cellulase on the substrate carboxy methyl cellulose (Fig. 1). Lynch et al. (1981)
determined the cellulase activities of someaerobicmicroorganisms isolated fromsoil.
Cellulose extracted from wheat straw, avicel, and CF11 cellulose powder contained
90% glucose, whereas filter paper and carboxy methyl cellulose contained 18% and
28% hemicelluloses, respectively. Among the microorganisms isolated, only fungi
had cellulase activities and this activity was the greatest cultures of Cladosporium
cladosporoides. Therefore, the current study is in well accordance with the above
study conducted by Lynch et al. (1981) and it can be implied that bacterial strains
with higher cellulolytic efficiency are abundant in the soil sample.
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Fig. 1 Cellulase activity of Different Bacterial isolates

3.2 Optimization of Cellulase Enzyme from SCB9 Strain

3.2.1 Optimization of Physical Factors by Response Surface
Methodology

From the RSM study, a highest cellulase activity for the cellulolytic bacterial strain
SCB9 in an optimized condition when the independent variables were maintained at
incubation time 42 h, pH 9, substrate concentration 15 gm/L and temperature 37.5 °C
(Fig. 2).

3.2.2 Regression Analysis

Regression analysis was carried out to fit the mathematical model to the experi-
mental data in order to determine the optimum conditions that result in the maximum
enzyme activity. By applying multiple regression analyses, on the experimental
data, a second-order polynomial equation was found to represent the relationship
between enzyme activity, incubation time, pH, substrate concentration, and temper-
ature adequately. This second-order polynomial equation obtained from multiple
regression analysis is shown to explain cellulase activity of the cellulolytic bacterial
strain SCB9 regardless of the significance of the coefficients. If Y is the response
value of cellulase activity (Fig. 2), then the fitted response surface model is:

Cellulase activity(Y ) = +133.02 + 33.09 ∗ A + 57.46 ∗ B

+ 125.66 ∗ C − 51.68 ∗ D + 13.50 ∗ AB

+ 116.91 ∗ AC − 22.22 ∗ AD + 184.23 ∗ BC
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− 10.04 ∗ BD − 128.96 ∗ CD − 46.05 ∗ A2

− 3.76 ∗ B2 + 114.62 ∗ C2 − 35.94 ∗ D2

3.2.3 Statistical Analysis

It is evident from the obtained statistical analysis that the cellulase activity model
of SCB9 strain was highly significant, as suggested by the model F-value and low
probability value. ThemodelF-value of 230.17 as calculated from this system implies
that the model is significant. There is only a 0.01% chance that an F-value larger than
this could occur due to noise. The lack of fit F-value of 0.3782 implies that the lack
of fit is not significant relative to the pure error. There is an 88.03% chance that a lack
of fit F-value larger than this could occur due to noise. This nonsignificant lack of fit
as represented from the ANOVA table evidences the optimization of model system.
The coefficient of determination (R2) was calculated as 0.9963 for enhanced cellulase
activity, indicating that the statistical model can explain adequate variability in the
response. Similarly, Doddapaneni et al. (2007) suggested that closer the value of R2

to 1.0, stronger the model and better it predicts the response of tested enzyme activity
according to the designed experimental conditions. The predicted R2 value of 0.9831
was in reasonable agreement with the adjusted R2 value of 0.9920. This indicated a
good agreement between the experimental and predicted values for cellulase activity.
If there aremany terms in themodel and the sample size is not very large, the adjusted
R2 value may be noticeably smaller than the R2. In the present study, in concur with
the above statement, adjusted R2 0.9920 is also less than the R2 value 0.9963.

Saravanan et al. (2012) studied the optimization of cellulase production using
Tricoderma reesei by RSM and comparison with genetic algorithm. The potential of
Trichoderma reesei for cellulase production using pineapple waste as substrate has
been investigated. A maximum cellulase activity of 569.23 U/mL is obtained under
the optimum experimental conditions; pH 5.5, temperature 37 °C, initial substrate
concentration 3%, inoculum concentration, and culture time. Box–Behnken design
(BBD) statistical tool and genetic algorithm are used to optimize the process param-
eters. The BBD study of linear and quadratic interactive effects of experimental
variables on the desired response of cellulase activity showed that the second-order
polynomial is significant. Therefore, it can be depicted from the optimization of
cellulase activity that both the current study and the study undertaken by Saravanan
et al. (2012) that BBD is a suitable technique and it properly determines as well as
validate the optimum condition for maximum enzyme activity.
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Fig. 2 3-D response surface contour plots of interaction between various experimental factors with
cellulase activity (left). Predicted versus actual model of cellulase activity of SCB9 (right)

3.3 Identification of Cellulolytic Bacteria

The most potent cellulolytic strain SCB9 was identified as Bacillus albus by its 16S
rRNA sequencing. Shajahan et al. (2016), in their study, identified high cellulose-
producing thermophilic bacteria as Bacillus licheniformes. Therefore, the current
study and the study of Shajahan et al. (2016) implied that the bacterial strains from
the generaBacillus are commonwith high cellulolytic activity and this bacterial class
is diversified according to their habitat.

4 Conclusion

Cellulases are the most important enzymes that are responsible for the bioethanol
production. It is one of the most widely used enzymes having great industrial
application. Microorganisms are main source of cellulase for which research has
been focused on isolation and identification of potent cellulose-producing bacterial
to meet the growing demand for cellulases. In Similipal Biosphere Reserve, soil-
decomposed plant biomasses are rich in lignocellulolytic bacteria. In this study, 24
cellulolytic bacteria were isolated from the Similipal soil samples that were screened
for their cellulose-hydrolyzing capacity and cellulase activity. The screening of cellu-
lase activity revealed that SCB9 strain has the highest turnover of glucose produc-
tion by degrading CMC with a value of 73.94 U/mL in unoptimized condition.
When subjected to optimization of parameters through RSM, the enzyme produc-
tion showed (617.71 U/mL) cellulase activity over the unoptimized conditions with
8.35-fold increase. The present study reveals the potential for high cellulase produc-
tion by the identified strain Bacillus albus. Further studies with regard to enzyme
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characterization and the potential of the enzyme in bioethanol production need to be
evaluated.
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Reduced Graphene Oxide (RGO)-Based
Nanocatalyst for Inhibition of Pathogenic
Bacteria Toward Enhancement of Water
Purification

Shubhanwita Saha, Debashis Roy, and Chiranjib Bhattacharjee

Abstract Over the last few decades, various research concepts have been developed
to inhibit the growth of waterborne pathogenic bacteria. Among them, antibacterial
agent synthesis and application in water disinfection is one of the major challenges,
nowadays. It was observed that metal nanoparticles, such as Zn, Ag, Ti, Fe, or metal-
derived nanomaterials exhibited enhanced catalytic effect for water disinfection. The
use of graphene or R–GO as a support material for the dispersion of metal nanoparti-
cles provides new ways to develop advanced, cost-effective catalyst materials for
the enhanced catalytic reaction. It is an attempt to generate a general overview
regarding the role of graphene and RGO-based composites as disinfectant agents
against waterborne pathogens.

Keywords Wastewater treatment · Graphene · RGO-based catalyst · Pathogen
disinfection

1 Introduction

At present, the environment is getting affected by several effluences, harmful wastes,
contaminants, among them,water pollution is one of themajor problems that affected
the natural habitat of the living being, directly. As per the report of WHO in 2015,
almost 1.1 billion people were affected by the drinking water crisis caused by
several environmental and climatic concerns, increasing population and higher cost
of drinking water (Anjum et al. 2016). To get rid of the problem of water crisis,
several projects have been launched all over the world. In our country, “Namami
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Gange Programme” is one of the examples of that kind of attempt by the government
for the improvement of “Swachh Bharat Mission.”

For last few years, various strategies such as filtration, absorption, chlorination,
and UV irradiation have been employed to remove contaminants from wastewater.
Although some of the techniques are unsuccessful to completely disinfect harmful
contaminants such as organic dyes, harmful chemicals, and aquatic pathogenic
bacteria, viruses from wastewater as well as surface water and other techniques
are very costly (Anjum et al. 2016; Collivignarelli et al. 2018). Recently, it is
notified that several researchers are utilizing nanotechnology-based routes toward
the enhancement of wastewater remediation, whereas nanomaterials, specifically
graphene or reduced graphene oxide, carbon nanotube-based materials play very
crucial role as adsorbent, catalyst-supporting agent, bactericidal agents, and so on
(Yousefi et al. 2019; Saha et al. 2014; Han et al. 2019). More specifically, Graphene
is a two-dimensional single-layer nanosheet consisting of sp2-hybridized C-atoms
(Hass et al. 2008). Its unique planar nanostructure and wide-ranging extraordinary
properties offer various potential applications in a large number of areas such aswater
purification, membrane preparation, sensor application, enhanced energy generation,
storage, and so on. On the other hand, metal and semiconductive metal nanoparticles
such as Zn, Ag, Ti, Fe, and their derivatives exhibited enhanced catalytic effect for
water disinfection (Han et al. 2019; Akhavan and Ghaderi 2009).

In terms of pathogen disinfection, Legionella, Salmonella typhimurium,
Escherichia coli (specific stain), Vibrio cholera, and Campylobacter jejuni are well-
known bacteria causing various harmful diseases and their complete inhibition from
water system is another major challenge in wastewater remediation, nowadays (Han
et al. 2019). It is also revealed that graphene and its composites are very effective
bactericidal agents and able to destroy bacterial cell walls as well as forming various
reactive species (H+, O−, H2O2, OH.) in optimum condition. In this paper, we are
reviewing the role of graphene and reduced graphene oxide-laden composites for the
inhibition of pathogenic bacteria toward the enhancement of water purification.

2 Graphene as Antibacterial Agent

For the historical evolution of graphene-based materials, graphene oxide (GO) has
been experimentally analyzed for the last 40 years (Boehm et al. 1962, 1994). More
precisely, it is the oxidized form of graphite with various functional groups that
converted as reduced graphite oxide (RGO) or graphene after reduction by the strong
reducing agent like hydrazine hydrate. The basic structure of graphite and graphene
is demonstrated in Fig. 1.

It was first reported in the year of 2010 that physical structure and sharp edges
in graphene sheet are destroying cell walls in pathogen. Moreover, graphene sheets
were more capable to destroy the bacteria than general antibiotic and graphite oxide
also proficient to destroy the broad range of pathogens such as pathogenic bacteria,
protozoans, fungi, and so on. Due to the presence of various functional groups such
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Fig. 1 Structure of graphite and 2D graphene

as –OH, C=O, in GO, it may have strong adsorption, cell membrane destruction
capability helps to prevent the direct contact with other organelles as well as the cell
death (Liu et al. 2011).

3 Graphene or RGO Metal-Based Nanocomposites
as Antibacterial Agent

In the wide range of antibacterial agents, silver (Ag) is a very well-known metal
used as an antibacterial agent from the past few decades. Recently, it is reported
that functionalized graphene or RGO with Ag shows a better antipathogenic effect
than only graphene and Ag, elaborated in Table 1. Particularly, RGO–Ag composite
destroys the bacterial cell through two-step process, first, the nanocomposite interacts
with the cell membrane and releasing Ag ions that able to destruct the cell membrane
follows by the oxidation reaction.

In-situ reduction,microwave-assisted synthesis, immobilization-method arewell-
known chemical-based synthesis routes which are mainly employed by several
researchers for RGO–Ag nano-composite synthesis purpose in recent past. The
synthesis process is very important to enhance the bactericidal property in nanocom-
posite. In some cases, it was also found that the agglomeration of Ag reduces the
efficiency of the composite. Therefore, the size of Ag nanoparticles, dispersion of Ag
nanoparticles on graphene sheet, and structure of nanocomposite are the most crucial
factors for synthesizing efficient nanocatalyst as well as enhancing the antibacterial
property in wastewater remediation.

On the other hand, several metals and metal-based oxide nanocatalysts such as
RGO–ZnO, RGO–Fe, RGO–CuO exhibited their enhanced antibacterial property
due to their higher catalytic efficiency.Moreover, enhanced conductivity and electron
transfer to oxygen contain group in GO result higher amount of ROS production than
the nonmetal composite, which leads to cell damage.
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Table 1 Comparative antimicrobial performance analysis of GO- and RGO-based nanomaterials

Name of
nanomaterials

Concentration of
nanomaterials
(mg/ml)

Name of bacteria Antibacterial
performance

References

RGO 40,000 E. coli 45.9% in 2 h Liu et al. (2011)

GO–Ag 0.045 E. coli 100% in 48 h Bao et al. (2011)

RGO–Ag 0.025 E. coli 89% in 2 h Shahriary et al.
(2015)

Graphene–Fe 0.1 E. coli 90% in 1 h Gonavelli et al.
(2013)

GO–ZnO 0.05 E. coli 50–60% in
24hrs

Wang et al.
(2014)

RGO–TiO2 0.1 E. coli 100% under
sunlight in
1.5 h

Wanag et al.
(2018)

GO–TiO2 0.18 E. coli 100% under
sunlight in
30 min

Chang et al.
(2015)

4 Graphene or RGO-Based Photocatalyst as Antibacterial
Agent

Nowadays, themain objective of photocatalyst synthesis is to improve their photocat-
alytic performances in the presence of visible light irradiation. However, graphene or
RGO plays a very vital role in increasing the amount of ROS and hydrogen peroxide
production, which influences cell apoptosis as well as necrosis via cell oxidative
stress. In the case of efficient photocatalyst, titanium dioxide (TiO2) is a familiar
example, able to enhance the photocatalytic performances in the field of water split-
ting, dye degradation, and so on. On the year of 2015, it was reported that GO–TiO2

photocatalyst enhances the bactericidal property by almost 25% and 60% than the
bare TiO2 under solar light and UV light irradiation, respectively (Chang et al. 2015).
Several RGO–TiO2-based photocatalysts and their performances against E.coli have
been tabulated in Table 1. It refers that only small amount of graphene enhances the
photocatalytic efficiency of TiO2 against gram-positive bacteria E. coli under visible
light irradiation. Most recently, it was reported that TiO2 functionalized RGO sheet
able to inactivate the E. coli cell within 75 min under sunlight irradiation (Wanag
et al. 2018).
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5 Summary and Future Scope

In this article,wewere focusing on the part of the antibacterial activity of graphene- or
RGO-based composites for wastewater remediation. The effectivity of RGO metal
nanocatalysts for E. coli inhibition was properly reviewed. Not only that the role
graphene for effective photocatalyst development as well as antibacterial property
enhancement was shortly described and explained. Bactericidal effect of RGO-based
nanocatalyst, namely, RGO–Ag, RGO–Fe, RGO–Cu, RGO–ZnO, RGO–TiO2 were
evaluated and their comparative analysis was done based on their performance.
Probable mechanisms in terms of nanocomposite–cell membrane interaction, ROS
production, and electron transfer process were briefly elaborated and depicted in
Fig. 2. Although the exact cell destruction mechanism of each catalyst for specific
pathogens as well as their structural and functional correlation establishment are
broad gap and future scope of research, till the date.

Acknowledgements Financial assistance for PostDoctoral Fellow received from RUSA 2.0 (Ref
No.: R-11/397/19) is gratefully acknowledged.

Fig. 2 Graphene and its composite and their effect on pathogen destruction
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Wound Healing and Antimicrobial
Property of Phytofabricated Silver
Nanoparticle by Saraca asoca Bark
Extract on Diabetic Wound In Mice

Baishakhi Bairagi and Debjani Nath

Abstract Thephytochemicals can act as reducing agents aswell as nontoxic capping
materials of metal nanosilver. The objective of the present work was to fabricate
the synthesis of silver nanoparticle using aqueous bark extract of Saraca asoca as
reducing agent and testing the wound healing efficacy of the material by studying
the level of wound contraction and re-epithelialization and expression of inflamma-
tory factors like cytokines and different proinflammatory markers in diabetic mice.
The biocompatibility of the synthesized silver nanoparticle was tested by cell cycle
analysis, ROS generation, DAPI, comet assay. It was indicated that the synthesized
silver nanoparticles were nontoxic to normal mice in vivo. Antibacterial properties
of the silver formulation are comparable to different antibiotics and more effective
against Bacillus firmus and Staphylococcus gallinarum of diabetic wound. SEM
images and histopathological observations revealed that the healing process was
accelerated in the silver nanoparticle treated group. The significant healing efficacy
of phytofabricated nanoparticles was evident by the observations of downregulation
of proinflammatory cytokines such as IL-1β, IL-6, and TNF-α, and upregulation of
anti-inflammatory cytokine, IL-10.

Keywords Saraca asoca · Silver nanoparticles · Diabetic wound ·Wound
healing · Antibacterial efficacy

1 Introduction

Diabetic wound is a challenging problem due to its delayed process of healing that
needs a longer time for proper cure. Silver nanoparticles are best studied due to
their antimicrobial activity and have the efficacy in bypassing mechanisms of drug
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resistance found in diabeticwounds (Griffith et al. 2015; Pelgrift andFriedman 2013).
Clinical uses include topical treatment of infected burns, open wounds, and chronic
ulcers. In addition to its anti-inflammatory effects, it controls collagen deposition that
accelerates wound healing (Chaloupka et al. 2010). Phytochemically protected silver
nanomaterial is more sustainable and eco-friendly than the chemically synthesized
one.

Diabetic wounds are characterized by a hyperinflammatory response character-
ized by infiltration of large number of neutrophils and macrophages capable of
producing radical oxygen species as defense mechanisms against invading microbes.
The effect can aggravate the inflammation and cytotoxicity of the microenvironment
delayingwound healing (Wetzler et al. 2000;Dissemond et al. 2002; Robinson 2009).

Green synthesized silver nanoparticles using Catharanthus roseus, Solanum
xanthocarpum L., Solanum indicum, Ziziphus nummularia‚ Citrullus colocynthis,
Kigelia Africana, Coriandrum sativum, Arnebia nobilis, Cassia auriculata, Virola
oleifera, Viburnum trilobum, Tridax procumbens, Lansium domesticum, Azadirachta
indica, Dimocarpus longan, Cucumis sativus and Orchidantha chinensis have been
shown by different investigators to have significant healing efficiency toward cut
and burn wound and chronic wounds (Shinwari et al. 2006; Garg et al. 2014;
Shankar et al. 2015; Pothireddy et al. 2016; Mohanta et al. 2017; Bhagavathy and
Kancharla 2016; Pannerselvam et al. 2017; Wang et al. 2017; Al-Shmgani et al.
2017). Silver ion is considered as toxic toward biological system due to its biochem-
ical reactivity butmany investigators showed that phytoprotective silver nanomaterial
possessed insignificant level of toxicity in cultures as well as in vivo system (Ovais
et al. 2018). Phytoprotected silver nanoparticles have the capacity to kill multidrug-
resistant bacterial populations leading to the fast healing of wounds (Gunasekaran
et al. 2011). It exposes its reactive and catalytic sites for action during inflammation,
cell proliferation, contraction and remodeling of skin during wound healing.

The bark extract of S. asoca was found to have significant analgesic and anti-
inflammatory activity (Sharif et al. 2011). In this study, we have applied “green”
method to synthesize silver nanoparticles using the aqueous bark extract of Saraca
asoca as reducing agent. In this study, we have analyzed the efficacy of topically
applied phytofabricated silver nanoparticle for the healing of diabetic wound in
comparison with common silver sulfadiazine ointment.

2 Materials and Methods

2.1 Preparation of Plant Extract

Saraca asoca bark was collected from the garden of University of Kalyani, Kalyani,
Nadia, andWest Bengal, India. The voucher specimens (Deb.kly-60) were deposited
and preserved in the Department of Botany. Bark was ground properly. 0.5 g of bark
powder was mixed with 20 ml of distilled water and heated for 10 min.
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2.2 Synthesis of Silver Nanoparticles

20 ml of 0 0.001 (M) silver nitrate solution was mixed with 1 ml of plant extract. The
mixturewas heated to 45 °C for 45min inwater bath and after that, it was kept at room
temperature for 30 min to observe the color change from light yellow to brown. Then
the mixture was incubated at room temperature for 48–72 h for completion of the
reaction (Banerjee and Nath 2015). The change of color of the mixture was from pale
yellow to light brown during the heating process and finally, the color became dark
brown and indication for the synthesis of silver nanoparticles. The conical flask was
incubated at room temperature for 48 h for the complete settling of the nanoparticles.

2.3 Characterization

Prepared silver nanoparticles were characterized by UV–vis spectroscopy at 400–
450 nm after proper incubation. The hydrodynamic size of synthesized nanoparticle
was characterized by DLS. Zeta potential was also observed. Proper size of nanopar-
ticle was characterized by AFM and SEM images. To investigate the surface material
of the nanoparticles, FTIR was done with the dried sample.

2.4 Biocompatibility

The level of biocompatibility was tested on the isolated lymphocytes. The spleen
lymphocytes were obtained using Histopaque (Sigma-Aldrich, St. Louis, MO, USA)
according to the method of Boyum (1976). The extent of nuclear damage was esti-
mated by DAPI staining (Mollick et al. 2014), Comet assay (Sing et al. 1988), and
cell cycle analysis by flow cytometry (Pozarowski and Darzynkiewicz 2004). The
generation of ROS was detected by 2, 7-dichlorofluorescein di-acetate (DCFH-DA)
fluorescence following the methodology of Roy et al. (2008).

2.5 Preparation of Diabetic Animal Model

Twenty-week-old mature Swiss albino male mice were taken. Diabetes was induced
by one-time injection of streptozotocin at 150 mg/kg body weight. 180 mg/dl of
blood glucose level was the indication of diabetes that was developed on the 11th
day of streptozotocin injection. There were six groups of mice and three mice in each
group.

Group 1: diabetic mice + thermal wound (untreated); Group 2: diabetic mice +
thermal wound + SSD treated; Group 3: diabetic mice + thermal wound + AgNPs
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treated; Group 4: normal + thermal wound (untreated); Group 5: normal + thermal
wound + SSD treated; Group 6: normal + thermal wound + AgNPs treated. Silver
nanoparticle was given at the rate of 15 mg/kg body weight one time to each mouse.

Thermal wound was developed with hot water. The wounds were covered with
proper dressing prepared by SSD ointment and different concentrations of silver
nanoparticles. After 5th, 10th, and 15th days of treatment, the skin samples were
collected for histological analysis and PCR technique to see the cytokine levels
(Bhagavathy and Kancharla 2016).

2.6 Reverse Transcription and Amplification

Skin tissue was homogenized and processed for isolation of RNA. Reverse transcrip-
tion and real-time polymerase chain reaction were done by preparing the comple-
mentary cDNA using TaqMan reverse transcription with MultiScribe reverse tran-
scription as per manufacturer’s protocol. Then the reaction mixture was taken to
thermal cycling in a real-time PCR system with the conditions: after incubating with
hexamer at 25 °C for 12 min, the reverse transcription was continued for 58 min at
37 °C. Then the temperature was increased to 95 °C for 6 min to stop the reaction
and to get the final cDNA product. cDNA product was stored at −20 °C until used
for amplification.

2.7 Antibacterial Activity Testing

Wound swab was collected and bacterial colonies were cultured on nutrient agar
plates. Nutrient agar was mixed with water (28 gm/L) and then slightly heated to
dissolve the agar. The dissolved agar was poured into the Petri dishes. After 3–4 h, the
agar plates were ready to culture the bacterial samples. After inoculating the plates
with bacterial samples, the plates were kept in BOD incubator at 37 °C. Within 24–
48 h, bacterial colony formation was observed. After proper growth of the bacterial
colonies on agar plates, each type of colony was isolated and separately cultured on
agar medium. To get a pure culture of each bacterial sample, 3–4 agar plate transfer
was done. After getting pure culture, all the bacterial samples were identified by
16S rDNA-based molecular technique. DNA was isolated and evaluated on agarose
gel. DNA sample was amplified by PCR technique and then subjected to Sanger
sequencing. Then bidirectional DNA sequencing reaction of PCR amplicon was
carried out. Consensus sequence of 16S rDNA was generated from forward and
reverse sequence data using proper software. The 16S rDNA sequence was used to
carry out BLAST alignment search tool of NCBI Genbank database.

The bacterial colonies on agar plates were used to measure the zones of inhibition
with synthesized nanoparticles in comparison with antibiotics and standard synthetic
drugs.
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3 Results and Discussion

The average particle size calculated was found to be 3–10 nm using Dynamic Light
Scattering measurements (DLS). It was observed that 45 °C was the optimal temper-
ature for the conversion of silver metal to silver nanoparticle and the SPR peaks
became sharper with an increase in optical density of the yellowish-brown solution
after 30 min of incubation depending on increasing temperature from 25 to 45 °C.
The SPR peak at 433 nm indicates the formation of silver nanoparticles. Further
increase in temperature (up to 65 °C) showed a clear shift of SPR peak from 433 to
455 nm and an indication for the increase in AgNPs size (Banerjee and Nath 2015).
Depending on the size of the nanoparticle, the sharpness in the absorbance peak can
be determined, as at 45 °C temperature, the particle size may be smaller that results
in sharpness of the plasmon resonance band of silver nanoparticles (Goia 2004).
Increasing temperature up to 65 °C induced the crystal growth formation around the
nucleus that results in decreasing the absorption aswell as the intensity of synthesized
nanoparticle.

The presence of spherical shaped particles within the size range of <5 nm was
shown by AFM analysis. FTIR analysis indicated the involvement of carboxyl
(−C=O), hydroxyl (−OH), and amine (−NH) functional groups of the phytochemi-
cals in capping and stabilizing silver nanoparticles. The rapid electrokinetic behavior
of the silver was evaluated using zeta potential (approximately−23.2mV) confirmed
its stability (Banerjee and Nath 2015). According to the GC–MS analysis, different
phytochemicals or hydrocarbon groups are present on the surface of the synthesized
nanoparticle. The hydrocarbons present on the synthesized silver nanoparticle are
the capping agent of silver nanoparticles. These capping agents prevent the agglom-
eration of the particle and thus the synthesized nanoparticle was stabilized (Starlin
et al. 2012).

Biocompatibility study by DAPI staining revealed no change in nuclear
morphology and membrane integrity. The result of comet assay was also similar
in both treated and control groups of cells and it produced no evidence of release
of nuclear material and no disruption of the cellular membranes. Intracellular ROS
levels were not altered significantly when compared with that of the control. Results
of the tests conducted at the cellular and genetic levels indicated that the synthesized
silver nanoparticle is not potentially toxic to induce any significant or harmful change
(data not shown).

Without any treatment, the healing process continues but becomes accelerated by
silver nanoparticles in case of both diabetic and normal mice (Fig. 1). Histological
studies show that re-epithelialization almost complete within 15th day when it was
treated with AgNPs (Fig. 2). For wound healing process, fibroblast cells are impor-
tant. Scanning electron microscopy images (Fig. 3) show that proper fibroblast cells
are formed by the treatment of AgNPs in relation to standard synthetic drug, SSD.

Results show that AgNPs are much more effective for healing of thermal wound.
The results revealed that the percent of wound contraction was 90% at 15th day
of treatment with the synthesized green silver nanoparticles of normal as well as
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Fig. 1 Wound contraction in treated and untreated mice

Fig. 2 Histology of skin tissues. a Normal, untreated, b normal, SSD, c normal, AgNPs, d diabetic
untreated, e diabetic, SSD, f diabetic, AgNPs

diabetic wounds but on the same day, the percent of wound contraction was 75%
in standard drug-treated group which clearly indicated that the silver nanoparticle
synthesized using the bark extract had better potential in healing diabetic wound
(Fig. 4) supported by both histological as well as SEM results.
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Fig. 3 SEM images of skin samples at 15th day. a Normal, untreated, b normal, SSD, c normal,
AgNPs, d diabetic untreated, e diabetic, SSD, f diabetic, AgNPs

Bacterial inhibition zones show that AgNPs are effective antibacterial agents
as they cause maximum inhibition zones in agar plates. It is mostly effective for
Staphylococcus gallinarum, (28 ± 1.2 mm) and for Bacillus firmus (26 ± 1.2 mm),
in comparison with antibiotic and standard drug (Table 1).

Inflammation is an important factor of wound healing. In case of diabeticmice, the
time span becomes extended due to prolonged infection of different bacterial groups.
So the potential of pro- and anti-inflammatory cytokines is important for speedy
healing of wounds. A vital mediator of anti-inflammatory cascade is IL10. IL-6,
TNF-α, IL-1β are the initiators of events in the physiological alterations of inflamma-
tion after thermal injury (Tian et al. 2007). In our study, the graphical representation

Table 1 Zone of inhibition of different bacteria

S. No. Name of bacteria Zone of inhibition (approx. in mm)

Control Antibiotic SSD AgNPs

1 Staphylococcus
soprophyticus

6 ± 1.2 36 ± 11 34 ± 1 35 ± 1.2

2 Bacillus firmus 7 ± 1 10 ± 2.2 8 ± 1.2 26 ± 1.2

3 Bacillus circus 5 ± 1.3 34 ± 2 30 ± 0.5 34 ± 1

4 Staphylococcus
sciuri

6 ± 2 36 ± 1.3 25 ± 1 35 ± 2

5 Staphylococcus
gallinarum

5 ± 2.08 8 ± 1.2 9 ± 0.8 28 ± 1.2
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Fig. 4 Percentage of wound contraction

showed that pro-inflammatory cytokines, IL-6, TNF-α, IL-1β remained downregu-
lated and anti-inflammatory cytokine, Il-10 became upregulated in AgNPs-treated
diabetic wound up to 3 days in comparison with standard drug. The lack of the acti-
vation process of inflammatory cytokines is important for the scar less quick healing
of thermal injury (Fig. 5).

Fig. 5 Cytokine modulation by silver nanoparticle: mRNA levels of a IL-6, b TNF-α, c IL-1β,
d IL-10.
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4 Conclusion

It can be concluded that silver nanoparticles that are prepared by S. asoca bark extract
have the ability to heal burn wounds faster than the other synthetic drugs. It also has
good antibacterial activity. Due to insignificant toxicity level, the green nanoparticle
is eco-friendly and helpful for diabetic wound healing.
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Anti-adhering Property Study of Green
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Flakes: A Novel Approach Towards
Biofilm Eradication
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Abstract Biofilms are complex, heterogeneous, integrated community of surface-
attached microorganisms that remain encased within the self-producing extracel-
lular polymeric matrix. In healthcare-associated infections, biofilms are linked to
the survival of pathogenic bacteria—Staphylococcus aureus, showing antimicrobial
resistance. The present work focuses on the anti-adhering property study of silver-
coated green nanoparticles against biofilm-forming bacterial population of Staphy-
lococcus aureus (ATCC 25923) on modified chitin model. The UV spectroscopy
was used to monitor the formation of silver nanoparticles from Curcuma longa and
Azadirachta indica extracts. The bacteria were seeded in TSB media with chitin as
the substrate for the biofilm formation. Biofilm inhibition on chitin flakes coated with
green nanoparticles and antibiotics (Vancomycin and Gentamycin) were studied and
cell counts were observed at intervals from 24 h to 96 h. Morphology of the biofilm
architecture on coated chitins was analyzed by SEM and the change in the chemical
components was observed by FTIR. The results show the reduction of microbial
adhesion by 81% at 24 h and 90–96% at 96 h when chitin flakes are coated with
green nanoparticles.
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1 Introduction

Biofilm is a bacterial population that remains enclosed by an extracellular poly-
meric substance (EPS), which confers stability of the biofilm structure, inhibits
the penetration of antibiotics through the biofilms and leads to the pathogenesis of
biofilm-associated infections and antibiotic resistance (Davies 2003; Fux et al. 2005).
Biofilms of S. aureus are difficult to treat with antibiotics due to the formation of EPS
and play an important role in healthcare-associated infections and also those related
to medical devices (Stoodley et al. 2004; Costerton et al. 1999; Khatoon et al. 2018).
As increased tolerance of biofilms to antibiotics makes its eradication difficult there-
fore there is a need to develop an alternative therapeutic method for the treatment
of various infections. Nanotechnology is an emerging technological advancement
in the present years due to its applications in various science fields. Among the
different types of nanomaterials produced, silver nanoparticles have proved to be an
excellent antimicrobial agent. Green nanotechnology facilitates the manufacture of
nanotechnology-based products that are eco-friendly with sustainable commercial
viability. The present work aims at the simple and reproducible method of biofilm
inhibition by coating the chitin flakes with green nanoparticles (Curcuma longa and
Azadirachta indica) in the concentration range of 1 mg–50 mg/ml.

2 Materials and Methods

2.1 Materials and Bacterial Strains

All the chemicals used for the experiments were purchased from Himedia, India and
silver nitrate from Merck India. The bacterial strain Staphylococcus aureus (ATCC)
was purchased from Himedia.

2.2 Synthesis of Green Nanoparticles

Green nanoparticles were synthesized with C. longa and A. indica plant extracts
using 0.01MAgNO3 at 25 °C (Shameli et al. 2012) and 0.001 M AgNO3 at 45 °C
(Roy et al. 2017), respectively, andwere characterized byUV–vis spectrophotometer
and were confirmed by SEM analysis.
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2.3 Determination of Minimum Inhibitory Concentration
(MIC)

The MIC of antibiotics (Vancomycin and Gentamycin) against S. aureus ATCC
25923 was determined by CLSI (2019) guidelines while those of crude C. longa and
A. indica plant extracts and the synthesized green nanoparticles were determined by
Kirby–Bauer disk diffusion technique.

2.4 Modification of Chitin Flakes with Antibiotics and Green
Nanoparticles

Based on the MIC, chitin flakes were encrusted with antibiotics, crude extracts of C.
longa and A. indica and green nanoparticles at 1 mg–50 mg/ml concentration for a
certain period of time and then used for testing.

2.5 Effect of Green Nanoparticle on Biofilm Formation

S. aureus ATCC 25923 biofilm was developed on chitin flasks by standard protocol
(Anderl et al. 2000). The bacterial culture was inoculated into Tryptic Soy Broth
and incubated overnight aerobically at 37 °C for 18 h. The overnight culture with a
concentration of 1 × 106 CFU/ml was inoculated into sterile TSB with normal and
encrusted chitin flakes and incubated at 37 °C for 24 h, 48 h, 72 h, and 96 h. The
chitin flakes were then washed with 0.9% saline by agitation at 180 rpm for 2 min to
remove non-adherent cells. Viable counts were determined by inoculating the biofilm
cells on TSA plates and incubated overnight at 37 °C (Gomes et al. 2012). SEM was
used to analyze the morphology of the biofilm structure on encrusted chitins and the
change in the chemical components was observed by FTIR.

3 Result

3.1 UV Analysis of Synthesized Green Nanoparticles

Ultraviolet–visible (UV–vis) absorption spectroscopic analysis showed the forma-
tion of silver nanoparticles from C. longa and A. indica extracts at a range of 300–
800 nm with a prominent peak at 429 and 420 nm (Fig. 1). Kumar et al. (2014) had
reported similar peak of silver nanoparticles was around 420 nm, and in the present
study, it was centered at 420–430 nm.
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Fig. 1 UV-spectroscopic analysis of silver nanoparticles of C. longa and A. indica

3.2 Determination of Minimum Inhibitory Concentration
(MIC)

The MIC of crude plant extracts was 150 mg for C. longa and 180 mg for A. indica
whereas the MIC of synthesized green nanoparticles against the biofilm-forming S.
aureus ATCC 25923 was 0.08 mg and 0.15 mg, respectively, for C. longa and A.
indica. It was evident from the study that green nanoparticles showed significantly
lower MIC values as compared with crude plant extracts.

3.3 Effect of Green Nanoparticle on Biofilm Formation

The biofilm inhibition of green nanoparticles of both C. longa and A. indica was
compared from 24 h to 96 h old isolates. Microbial adhesion was reduced by 81%
(8.78 log CFU/ml) at 24 h and 90–96% (7.51 log CFU/ml) at 96 h and by 72% (8.98
log CFU/ml) at 24 h and 80% (8.42 log CFU/ml) at 96 h when chitin flakes were
coatedwith silver nanoparticles fromC. longa andA. indica at 2mg/ml concentration
as compared with control and antibiotics (Fig. 2).

The Scanning Electron Microscopy (SEM) (Fig. 3) confirms the morphological
variation of modified chitin flakes toward inhibition of biofilm formation. It shows
the presence of various-shaped (tetragons, pentagons, hexagons) nanoparticles on
the modified chitin flakes with size ranging from 10 to 80 nm (Fig. 3b). The FTIR
spectra obtained for modified chitin (Fig. 4b) show a rapid increase in peak formation
than the control (uncoated chitin) due to peaks at 1652 cm−1 (amide II band N–H
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Fig. 2 Biofilm Inhibition by modified chitin at different time intervals

Fig. 3 SEM confirming biofilm formation on chitin flakes at 9000× (a) and the nanoparticle
structure on coated chitin flakes at 30,000× (b)

stretching), 1425 cm−1 (asymmetrical C–H bending of the CH2 group) and 1066 and
1024 cm−1 (O-bridge stretching) representing the glucosamine residue.

Antibiotic treatment is not sufficient enough to combat healthcare-associated
infections (HAIs), especially those related to the implant of medical devices. There-
fore, it is necessary to observe whether green nanoparticles are best suited for biofilm
inhibition than antibiotics. It was observed that when S. aureus was incubated with
chitosan-coated iron oxide nanoparticles, there was a sudden decrease in viable
bacteria numbers and biomass formation (Shi et al. 2016), moreover, chitin/Ag NP
composites have high bactericidal activity (Bguen et al. 2013). Silver nanoparticles
itself have high antimicrobial activity against both Gram-positive (S. aureus) and
Gram-negative bacteria (E. coli) (Vu et al. 2018). Similar results of minimum viable
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Fig. 4 FTIR confirming the change in chemical change of biofilm structure a uncoated chitin flakes
and b modified chitin (Haldi AgNPs coated)

bacterial numbers were obtained in the present work when green nanoparticle-coated
chitin flakes were used against biofilm-forming S. aureus ATCC 25923.

4 Conclusion

The results show that green nanoparticles synthesized fromC. longa extracts aremore
effective in biofilm inhibition at a low dose than those synthesized from A. indica
extracts. While on the other hand, antibiotics vancomycin and gentamycin require
a high dose to inhibit biofilm formation. The following study helps us to study the
biofilm inhibition pattern of antibiotics and green nanoparticles by a simple method.
This study pattern can be applied to inhibit biofilm formation in medical devices
with minimum cost effects.
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Modern Advancement of Nanotechnology
Over Conventional Drug Therapies

Tania Pal, Bhuban Ruidas, and Chitrangada Das Mukhopadhyay

Abstract Conventional drug therapies have a lot of drawbacks such as limited drug
solubility, poor biodistribution, lackof selectivity, andunfavorable pharmacokinetics.
Nanotechnology has been proved to be an excellent platform for overcoming these
challenges, which mainly deals with measuring, imaging, modeling, and manipu-
lating matter at a length of nanometer scale. A zero-dimensional (0D) structure and
small diameter (<10 nm) are the most desired nature of a matter for providing the
significant biological as well as therapeutic results. Herein, we have discussed the
importance of nanobiotechnology in targeted diagnosis and treatment against various
diseases using nanoscale drug carriers. Some of the threatening diseases targeting by
direct drug delivery are quite difficult due to the inability in specific target identifica-
tion and carrying capacity. Based on proof of concept, the carbon nano-onions (CNO)
is one of the most efficient nanocarrier systems as it is highly capable of acting as a
platform for the attachment of several targeted drugs, ligands, or both to encounter
the diseases more efficiently. Again, the CNO-conjugated drug and ligand delivery
are less studied at the early stage of development. In this scenario, our primary goal
is to explore the future possibilities of CNO along with our present findings. We have
further elaborated and illustrated the art of this emerging field as the most promising
carrier system for therapeutic target.
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1 Introduction

Cancer is the leading cause of death costing millions of people their lives globally
despite the efforts made to alleviate its preponderance. The conventional standard for
cancer treatment includes surgical removal of the tumor along with chemotherapy,
radiotherapy, etc., which have low efficiency and cause serious side-effects such as
toxicity and limited biodistribution due to their poor pharmacokinetic characteristics
(Naidu et al. 2004). To solve the concerns mentioned earlier, there is an exponen-
tial rise in the use of nanotechnology to develop effective diagnostic and therapeutic
platforms.Nanomaterialsmade fromorganic, inorganic, protein, and lipids can incor-
porate a variety of bioactive agents and are capable of crossing biological barriers
and selectively target the malignant cells and deliver anticancer drugs through the
sustainable release of the drug. Pharmacokinetics and pharmacodynamics profiles
can also be controlled, enhancing the accumulated drug concentration at tumor sites.
Moreover, nanocarriers can be loaded with multidrug for synergistic activity (Navya
and Daima 2016). When NPs enter the cell via receptor-mediated endocytosis avoids
recognition byP-glycoprotein, one of the critical drug resistancemechanisms (Larsen
et al. 2000). These are few reasons among the others that show nanotechnology is
revolutionizing the field of drug delivery and cancer therapeutics.

Herein, we have tried to give a brief illustration of the advancement of
nanotechnology over the conventional method used so far.

2 Nanotechnology and Future Possibilities

Nanotechnology mainly deals with the engineered functional system at a molecular
scale. Sometimes, nanotechnology is quite capable to formulate new devices and
materials with a broad range of applications, such as nanoelectronics, nanomedicine,
biomaterials for energy productions, and so on. Also, the potential of nanomaterials
for biomedical applications is largely dependent on its surface charge, shape, and
size as it directly affects the nano–bio interface interaction and aids in internaliza-
tion and cellular endocytosis of the nanocarriers. Again, designing nanocarriers is
a sophisticated process that has to meet certain requirements to be an efficient drug
delivery system. Further, negatively charged nanoparticles accumulate at tumor sites
efficiently whereas positively charged nanocarriers are internalized more efficiently
due to negatively charged cell membranes. Further, surface chemistry plays a crucial
role in designing nanomaterial as the biological impact of the nanoparticle can be
controlled by chemical modifications restraining cellular interactions, thus reducing
potential side effects. Surface conjugation with ligands such as antibodies, aptamers,
oligosaccharides, peptides, etc. can alter the fate of nanomaterial, hence it is impor-
tant to carefully examine them after surface conjugation to measure the increased
sensitivity and specificity aswell as to avoid toxic effects postmodification (Sied et al.
2019). Therefore, the introduction of engineered nanomaterials is the best choice to



Modern Advancement of Nanotechnology Over Conventional … 495

achieve target-specific action and avoid unwanted uptake by healthy cellswithout any
major toxic effects. Further, nanotechnology enhanced the target specificity along
with controlled and sustained drug release, which is one of the major advancements
over conventional drug treatment.

3 Therapeutic Barrier and Targeting

Nanomaterials have to cross various barriers to reach their target, like intestinal
barrier and blood–brain barrier. To solve this problem, nanocarriers must be soluble
or colloidal in aqueous solution and be made of biocompatible material that can
be easily functionalized. It should have a long half-life and shelf life with a low
rate of aggregation and shows high intake in cancer cells compared with healthy
cells. The treatment is effective only when the proper dose is provided and shows
maximum activity in the tumor cells. Thus it can become inefficient since the effect
of anticancer drugs is mitigated by increasing time for the drug to reach the target.
The nanomaterials should be capable of delivering the drugs in and around the cancer
cells and increase its local concentration, thus reducing toxicity toward normal cells.
Thereby an effective target selection prior to disease treatment is always the top
precedence in nanotechnology that can be achieved successfully via both active and
passive targeting.

3.1 Active and Passive Targeting

Active targeting mainly indicates the direct action at targeted location that are well
programmed to bind to specific receptor molecules such as proteins, carbohydrates,
lipids expressed on the diseased cells, or molecules present in its microenvironment
or the physicochemical environment surrounding the targeted disease or malfunc-
tioning system. This approach also known as active targeting or ligand-mediated
targeting that involves affinity-based recognition, facilitated intake, and retention in
the cells. Taking into account the complexity of routes for nanoparticle administra-
tion and its interactions with various cells in the body, the differences in the affinity
toward the cancerous and normal cells cannot be the basis for efficient and successful
drug delivery to the target cells by the nanoparticles. Thus, a single nanocarrier is
conjugated with multiple ligands for targetingmultiple receptors. However, for using
active targeted anticancer platforms, multiple factors including ligand density on the
nanoparticle surface and affinity between the carrier and the target need to be opti-
mized. Sometimes non-internalization of the nanocarrier is desired for bystander
effect, due to which solid tumors lacking the specific receptors can be killed by the
release of drug at the surface of neighboring cells that can bindwith carriers. Contrary
to the belief that a higher number of ligands will facilitate stronger binding, it has
been observed that ligand density does not increase the affinity toward the target
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due to improper ligand orientation, bond constraints, molecular saturation, steric
constraints from neighboring cells. Similarly, higher binding affinity in solid tumors
decreases binding efficacy due to the “binding site barrier” caused by a decrease in
penetration of nanocarriers due to strong binding with the target (Rosenblum et al.
2018).

In passive targeting, drug-encapsulated nanocarriers are generally administered
via intravenous injection circumventing absorption in intestinal epithelium that is
imperative via oral administration for enhancement of permeability and retention
effect (EPR effect), forms the basis of passive targeting. Generally, tumors are char-
acterized bypoor lymphatic function,which does not clear the accumulating nanopar-
ticles rapidly in the tumor interstitium, and leaky vessels that enable the nanocarriers
to extravasate into the tumor site (Rosenblum et al. 2018). Again, certain drugs are
incapable of diffusing efficiently making it difficult to target cells within the target
site. Thus, controlling the random nature of the approach is arduous, failing to which
induces multiple drug resistance (MDR) leading to the failure of the treatment.

4 Nanomaterials and Drug Delivery

Nanoparticles consisted of organic and inorganic materials are being developed for
a wide range of applications ranging from imaging to treatment. Here, we discuss
various nanocarriers that are being widely used in nanotherapeutics.

4.1 Organic Nanomaterials

A significant characteristic of any nanomaterial for drug delivery is its biocompati-
bility and biodegradability, thusmaking organic nanomaterials a promising candidate
for these systems.

The use of nanomaterials as a drug delivery vehicle was started with liposomes in
1965. They are spherical colloids made by self-assembling of lipid bilayers of either
natural or synthetic phospholipids surrounding a central aqueous space, called lipo-
some, which are truly advantageous for carrying desired drugs and other molecules
in the aqueous core or lipid bilayer to the target site without any severe side effects.
Various drugs have been delivered using PEGylated liposomes in the treatment of
glioma and breast cancer. Newer generations of smart multifunctional liposomes are
being developed despite extensive research and preclinical development, but FDA
has approved very few drugs encapsulated in liposomes (Olusanya et al. 2018).

Further, drug delivery via active or passive targeting can be efficiently achieved
using polymeric nanoparticles. Targeting cells using polymeric nanocarriers helps in
drugdelivery in high concentrationswithin the cell. Several studies using ligands such
as peptides, antibodies, and aptamers to target tumor cells have been demonstrated to
show higher anticancer activity. The outset of utilizing biodegradable polymer as a
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delivery vehicle by conjugating with drugs started with Poly-l-glutamic acid (PGA).
Several drugs that are used clinically have been conjugated with PGA and tested
in vitro and in vivo and showed to have better effects than its free drug counterparts
(Ekladious et al. 2019). Polymermicelle is gaining tremendous interest as nanocarrier
owing to their unique characteristics like increasing the solubilization of hydrophobic
drugs, protecting cargos from degradation by enzymes, and sustained release of
drugs. Temozolomide (TMZ) and anti-Bcl-2 siRNA were packed in a polymeric
micelle conjugated with folic acid to surpass the blood–brain barrier and efficiently
prevent growth in resistant glioma cells (Aziz et al. 2017).

The anticancer drugs are encapsulated in dendrimers (polymericmacromolecules)
or are functionalized on their surface. They reduce toxicities toward normal cells and
improve drug delivery and bioavailability and increase drug stability. In that regard,
CXCR4-targeted dendrimer has been developed for breast cancer therapy. Polyamine
amide dendrimer encapsulating doxorubicin and conjugated with the linear type of
FC131 showed enhanced cytotoxicity against cancer cell lines (Anitha et al. 2018).
For nanobiotechnological applications of drug delivery and tissue targeting, a variety
of viruses andbacteriophages have beendeveloped.Viruses such as canine parvovirus
have a natural affinity for transferrin receptors present on various cancer cells. VLPs
are a promising alternative drug delivery nanoparticle derived from protein coats of
viral capsids typically lacking their natural genome and thus are noninfectious. They
can pack and deliver anticancer drugs, proteins, siRNA, and RNA aptamers, having
the potential to overcome the limitations of other nanomaterials. However, there are
still challenges like stability and avoiding phagocyte mediated clearance (Aljabali
2018).

4.2 Inorganic Nanoparticles

Currently, the majority of drug delivery systems are using inorganic nanomaterials
due to their meticulous control of shape and size, controlled surface chemistry,
tunable physicochemical properties that can be functionalized using a variety of
molecules. A large number of inorganic nanomaterials including metal and metal
oxide-based nanoparticles and carbon-based nanomaterials have been developed and
used in cancer treatment and management.

4.2.1 Metal-Based Nanomaterial

Metal-based antitumor drugs play a relevant role in antiblastic chemotherapy. To
target alternative mechanism of action, newmetallodrugs that function in the biolog-
ical systems were developed. The introduction of platinum-based metallodrugs
cisplatin has paved the way for anticancer therapeutics (de Menezes et al. 2019).
Although, long-time research has been done on copper compounds with the assump-
tion that endogenous metals are less toxic and it can inhibit proteasome as well as
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induce oxidative stress hampering several cellular processes. The Cu(II) compounds
strongly promote the apoptosis of cancer cells through the intrinsic ROS-mediated
mitochondrial pathway accompanied by the regulation of Bcl-2 family proteins.
Thus, combining copper with organic compounds has shown high anticancerous
properties (Mandal 2017). The metal nanostructure of Au, Ag, Zn, Mn is also
widely used as a delivery vehicle. In a recent report, doxorubicin-loaded Au parti-
cles showed sustained and pH-dependent release of drugs and decrease in tumor size
(Aminabad et al. 2019). Similarly, Ag nanoparticles are used as anticancer agents
against multiple cancers, helping in delivering anticancer drugs to enhance the ther-
apeutic index of the drug. Ag nanoparticles, when combined with phytopharmaceu-
ticals, act as nontoxic contrast agents, photothermal agents, and delivery vehicles for
cancer therapy (Burdus,el et al. 2018).

4.2.2 Carbon-Based Nanomaterial

Carbon nanomaterials exhibit very intriguing properties among nanoparticles like
lightweight, high chemical resistance, and exceptional mechanical properties and are
thus widely used for imaging, delivery, and diagnosis purpose. They also have a great
variety of morphologies ranging from 0D (carbon nano-onions) to 1D nanotubes and
2D nanosheets. Most commonly studied carbon nanomaterials are carbon nanotubes
(CNT), carbon nanohorns, graphene and its derivatives, nanodiamonds, to name a
few. CNTs are effective anticancer drug delivery vehicles and for co-delivery of drugs
at cancer sites with the potential of treating multidrug-resistant cells. Multiwalled
CNT nanoplatforms with prolonged circulation time and high-cargo capacity with
active targeting have been developed showing potential multimodal platforms for
cancer therapeutics. CNT-based phototherapies can be utilized for intracellular drug
delivery. Graphene and its derivatives are widely used in cell imaging, biosensing,
drug, and gene delivery. Paclitaxel-encapsulated PEG-GO showed higher toxicity
against A549 cells compared with free paclitaxel (Patel et al. 2016).

Carbon nano-onions (CNO) are an emerging class of carbon nanomaterials that
have gained interests due to its unique properties like large surface to volume ratio
and low density. It is made up of multiple graphene layers surrounding a fullerene
core with an interlayer distance of about 0.34 nm. CNOs showed excellent biocom-
patibility suggesting they are not cytotoxic and thus appropriate for biological appli-
cations. CNOs used in in vivo studies of prokaryotic and eukaryotic studies also
revealed that it has no toxic effects on any of them thus affirming its biocom-
patibility. They can also cross the blood–brain barrier and thus can be used for
neurobiomedicine. In one of the studies, CNOs conjugated with fluorescein were
injected in the hippocampal region of mice brain and showed no significant increase
in neuroinflammatory response. Cysteine-functionalized CNOs carrying maleimide
demonstrated its ability to deliver protein and glycopeptides intracellularly without
any adverse effect. Even in comparative studies against other carbon nanomaterials,
carbon nano-onions showed better biocompatibility with better drug deliverance
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capability, thus proving CNO to be an ideal imaging and drug-targeting vehicle
(Camisasca and Giordani 2017).

5 Combinational Therapy

It has been evidenced that multiple-drug treatment is more efficient than single-drug
treatment. It is predicted that when multiple drugs are administered in an optimized
ratio, they show a synergistic effect on the cancer cells. They not only enhance drug
targeting, but also prolong circulation time and reduce drug resistance in cancer
cells. Recent advancements in this field have developed various nanocarriers for
co-delivery of anticancer drugs (Pemovska et al. 2018). Thus, using a theranostic
approach of combining both diagnosing and treating cancer is an emerging platform
through which not only the drug released can be studied, but also its effects on the
cancerous cells are visualized. These abilities can be potentially exploited to develop
personalized medicines (Ahmed et al. 2012).

6 Conclusion

Since several factors affect the biodistribution and targeting, it is difficult to choose
an appropriate nanocarrier based on a few existing comparative studies. To evaluate
the ideal properties of nanocarriers, further studies need to be done based on various
screening methodologies. Utilizing specific nanocarrier or targeting molecule for
improved therapeutic outcomes and reduced costsmaybe available to the oncologists.
Though we are far from Nobel Laureate Paul Ehrlich’s ‘magic bullet’, it is possible
to believe in an era of nanocarrier-based therapeutics and diagnostics.
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