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CHIEF EXECUTIVE OFFICER

“Innovative technologies for biomass transformation:
an effort towards sustainable bio-economy”

am happy to place the Annual Report of the Center of In-
novative and Applied Bioprocessing (CIAB), Mohali for the
year 2022-2023. The diverse agricultural activities generate
a considerable agri-biomass that needs to be processed via
secondary agriculture innovations that transform residual bio-
mass into value-added products. The institute’'s research ac-
tivities can be categorized into four major R & D programmes:
(i) Value addition to primary processing residue/ wastes for
edible products, (ii) Valorization of crop wastes for speciality
products and chemicals, (iii) Nutritionals, nutraceuticals, and
upgradation of value or use of primary processing bioprod-
ucts and (iv) Biosynthetic technology/synthetic biology for low
volume-high value products and industrial enzymes.

In the last one year, the CIAB team has developed several
inventive processes, the intellectual properties of which have
been protected under 9 Indian patent applications. A total of
three patents have been granted by the Indian Patent Office.
The critical results have been reported in 44 peer-reviewed
journals by the CIAB team. The institute has signed several
non-disclosure agreements as well as memorandum of agree-
ments for collaborative works with start-ups and industries.
The key research highlights of the institute have been briefly
mentioned here. The catalytic bioprocess has been developed
for producing rare sugars, L-ribose and D-talose, by employing

immobilized L-arabinose isomerase and L-ribose isomerase.

The plant biomass-derived mannan component has been
demonstrated to be hydrolyzed into mannon oligosaccha-
rides by employing Microbacterium sp. CIAB417. A process
has been optimized for producing xylitol from the rice straw
biomass. Xylitol is a naturally occurring penta-hydroxy sugar
alcohol that is utilized as a low-calorie sweetener in a range of
food products. Candida tropicalis GS18 has been found to be
a promising strain for xylitol production. A thermophilic Lytic
polysaccharide monooxygenase (LPMO) has been character-
ized for lignin valorization. A method has been developed to
synthesize nanocellulose-based hydrogel in a combination
of guargum, which serves as an efficient adsorbent for the
removal of MB dye. Bacillus pseudomycoides SAS-B1 strain
has been demonstrated to produce Polyhydroxybutyrate
(PHB). A life cycle assessment was carried out to explore the
eco-friendly and sustainable PHB production.

Chemical catalytic methods have been developed for
the isomerization of glucose into fructose. The modification
of H-ZSM-5 zeolite with controlled desilication and dealumi-
nation followed by Sn incorporation paves the way for aug-
menting its mesopore size, mesopore volume and surface
area, thereby facilitating bulky cyclic glucose isomerisation

by accessing active Sn-sites, thus increasing its (SnAZSWBOAw)
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catalytic activity in terms of fructose yield and selectivity com-
pared to unmodified parent H-ZSM-5. A solid catalyst has
been developed that offers both Lewis and Brgnsted acid
sites for its application in effectively converting glucose into
HMF. A mesoporous Ta,0./Nb,O, nanocomposite has been
developed to enable a stepwise glucose conversion to 5-hy-
droxymethylfurfural (HMF) for future energy. This results in a
maximum HMF yield of 70.1% and a selectivity of 77.1% under
modest reaction conditions.

A sunlight-assisted photocatalytic method has been de-
veloped for the valorization of lignin using recyclable light
harvesters for platform chemical generation. Starch/poly-
acrylamide-based in situ-nanomof hydrogels have been de-
veloped for drug delivery and photodynamic applications.
Lignin-derived biocompatible copper oxide nanocomposite
doped films have been synthesized for pathogen inhibition
and coating applications. A process has been developed for
the production of p-menthane-3,8-diol (PMD) enriched cit-
ronella (Cymbopogon winterianus) oil for use as an insect re-
pellent. A process has been developed for the extraction of
natural dye from flower petals of Butea monosperma (Lam.)
(Palash), useful for food and non-food purposes.

Diverse ecological niches of the Sikkim Himalayan re-
gion have been investigated to generate metagenomics data
resources for the discovery and characterization of novel
genes of processing significance. A novel acid-tolerant and
cold-active B-galactosidase has been characterized for lactose
hydrolysis in acidic whey and neutral milk samples. B-Galac-
tosidase treatment improves digestibility and enhances the
sweetness, flavour, and nutritional value of dairy products. A
novel alkaline tolerant pectate lyase has been identified and
characterized for the depolymerization of methylated pectin
as well as un-methylated polygalacturonic acid. It is a prom-
ising biocatalyst for removing pectin from plant fibers, i.e. ret-
ting and bioscouring applications. A process has been devel-
oped to produce fermented beverages from anthocyanin-rich
black wheat. The product has been estimated to contain 568
mg GAE/L total phenolic content, 4.67 mg/L anthocyanin and
6.8% (v/v) alcohol. A sustainable process has been developed
to extract pectin from Kinnow peel, an abundant processing
waste. A surfactant-modified organobentonite (CTAB@SB)
based process has been developed for the removal of inhib-
itors from rice straw hydrolysate. It is helpful in downstream
xylitol production.
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CIAB has organized various events of national importance,
such as National Science Day, Rashtriya Swachhta Diwas, Re-
public Day, Hindi Pakhwara, Vigilance Awareness Week etc.
The researchers and staff of CIAB participated the event with
high enthusiasm. The institute has conducted open days and
the bright young students were exposed to laboratories, live
experiments and interactions with the researchers.

I would like to express my sincere gratitude to
Dr. Jitendra Singh ji, Honorable Minister of State (Indepen-
dent Charge) for Science and Technology and Earth Scienc-
es for his critical and valuable inputs and continuous support
to motivate the staff and improve various research pro-
grammes of the institute. He addressed the institute on vari-
ous occasions, appreciated the achievements and motivated
the staff and students. | sincerely acknowledge and express
my thanks to Dr. Rajesh S. Gokhale, Secretary, Department
of Biotechnology (DBT), Govt. of India, and Chairperson, GB
and all the members of the GB for their valuable suggestions
in giving the right direction and shape to various research ac-
tivities of the institute. | am also grateful to Dr. Rajesh Jain,
Chairman, the Scientific Advisory Committee (SAC) and all
the members of the SAC for their critical evaluation of scien-
tific progress, motivation of scientists, guidance and intellec-
tual inputs, which has helped in evolving new programmes
and initiatives as well as in focus of the research plans and ac-
tivities of the institute. | personally acknowledge the support
and cooperation received from Sh. Vishvajit Sahay, Additional
Secretary and Financial Advisor; and Sh. Chaitanya Murti (IFS),
Joint Secretary, DBT, in various financial and administrative
matters. | would like to place on record my sincere thanks
to Dr. Vaishali Panjabi, Scientist-F, DBT, for her support and
cooperation in running all the activities of the institutes and
providing a firm link between DBT and the institute.

| highly appreciate the efforts and achievements of my
scientists, staff and students that are reflected in this annual
report for the year 2022-23. My special thanks to Dr. Sudhir P.
Singh, Dr. Bhuwan Bhushan Mishra, and Dr. Nidhi Budhalako-
ti for their help in compiling and editing the annual report. |
thank all my colleagues at CIAB who have worked sincerely
for the growth and development of CIAB in their respective
roles and responsibilities.

s/d-

Professor Ashwani Pareek

Chief Executive Officer

Center of Innovative and Applied Bioprocessing (CIAB)
Mohali, Punjab 140306 India




L 4

CIAB: Annual Report 2022-23

ST -IUERT UF Sd-3TE SITHT Ue faeht woredt, 7, Wit § digg
mﬁmwﬁr@raﬁ%ﬁmﬁq@awuwQaddldluflwﬁ'—rr?rmqﬁﬁ
RO o St e SeuTS Yol et o forg Wi fRer e w ¥ dar e ok
I 1Y Sia TR IqTET o fore geg iy o wig firferat 3 fermerT, e
Td gada o swroit vfirent o fafe s atfer Wt wria: TEE g stage
TeorrY o SEE 3 QT Y/ Aeashl/qaiaTai 3 g3 iy S Saufd g k|

Tro1 STy Rl sgra 34 & folq pTu-@Te /et —Sust o Sd TEERoT § graifod

vgufaal 3R Menfiferat 1 alieror, Jear UgH T, BYIER0, TaGR, UK,

e 3R 3= Gealtord e |

AT W TSR et § SRt/ Rasmen! sare o dieiiien! wesi=, uiveor,

o I WIS STt oh T W1 S WTe Tel HTE ek i &3] & Scara] oh forehTd,
YT, WWWW%W%WWW%WE

mmmwﬁmnﬁwqﬂmﬁwwml

*  SE-UR, piU-ETE, FU-SeE ST o FEwhor eiferd a1 wrifites 7,
gfgerferat tﬁ?ﬂﬁﬁ?mﬁamtr%maﬁﬁw SurieRtor, o ud fafai
L e i

o SI- TR GETHAT, Uishatatt 3R Iaret sl ¥ Weiftrd uivieror, qenien
T, T HaeH, %ﬁnwwwaﬁim(ﬁ)sﬁ:%mwﬁ@r
Sa- Waﬁiﬁ aTer 81 TR TE UREd Y I

* TA- —af¥a /AN IR % TR 3 folT St WEERT A Gt TamER
Wﬁaﬁaﬁnaﬁww%ﬁmaﬁiwﬁam/m/?ﬂﬁﬁaﬁ
& 1T Sg9yamT/Aa H o 9 J YT HEAT |

o TET T S S wEERon g (S, e Sh-am Se
Ww(aﬁ)ﬁ/mmﬁmmﬁ/mwé@m%ﬁﬁ
TEnfifeRat ST ufshanatt o wieTor, TAToH, STehe, STa-Th{olT 31Tg
qﬁmiﬁqwﬁaﬁ?%ﬁﬁﬁwﬁaﬁmﬁwéﬂ/wmﬁaﬁwmm
e, HTfeTehTT &I oh HTHC § ATedaeT/aneid/ urwies genfd 3 &
mm@fﬁ'iéwmaﬂw




VISION

MISSION

OBJECTIVES

CIAB: Annual Report 2022-23

To be a nodal research and innovation organization linking leads etc. of bio-
process and bioproduct R&D system knowledge, technology with production
system, and serve as incubatorial platform for agri-process and agri-food-prod-
uct related entrepreneurship along with a frontal role in translation, innovation,
optimization and upscaling of approaches and technologies for bioprocessing
products to catalyze agro-industrial growth through progressive functional link-
ages and networking/ collaborations with institutions and industries nationally
and globally.

*

*

To test, validate, translate, innovate, improve, upscale and integrate ap-
proaches and technologies related to bioprocessing of agri-food/agri-mass
for promotion of secondary agriculture.

To generate bioresources related knowledge and advance R&D leads and
potential for the growth of research and innovation systems towards prod-
ucts development, technology translation, product quality assurance etc.
in the sectors of agri-food and secondary agriculture including technology
demonstrations,training,clusteringofentrepreneurs/
stakeholders etc. in the lab-to-market chain.

To carry our innovations, optimization, up-scaling and translation of knowl-
edge, approaches, technologies and processes related and/or relevant to
processing of biomass, agri-food, agri-produce etc.

To catalyse improvement and transformation of bio-processing and agri-
food sector through training, technological interventions, value addition,
cultivating and evaluating ideas and model(s) etc. related to bioprocessing
resources, processes and products etc.

To promote synergism among bioprocessing interest/relevant entrepre-
neurs, industrial establishments, start-up companies, resource holders,
research and development institutes, educational and service institutions
individuals or innovator groups to function in partnership and/or collabo-
rative mode.

To advance and synergise innovation system related to bioprocessing for
development of value- added/new/novel products and to serve as an incu-
bator/service platform for the commmon interest groups/companies/entre-
preneurs etc.

To facilitate testing, validation, optimization, up-scaling etc. of the technol-
ogies and processes developed by the Center of Innovative and Applied
Bioprocessing (CIAB), National Agri-Food Biotechnology Institute (NABI)
and /or public Institutions and/or those available through public domain/
open source and/or from other sources in India and abroad, after acquiring/
adopting them through licensing /agreement/mutual understanding/con-
sent etc. in case of proprietary issues.
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Dr. Rajendra Singh Paroda

Nominated Member

Former Secretary,

Department of Agriculture

Research & Education (DARE) and DG, Indian Council
of Agricultural Research (ICAR),

New Delhi
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Professor,
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CHRONICLES OF FUNCTIONALIZATION

OF

CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

May 13, 2022: Fifteenth meeting of the Governing Body
(GB) held at DBT, New Delhi.

September 16, 2022: Fifteenth meeting of the Finance
Committee
(FC) held through video-conferencing.

September 26, 2022: Tenth meeting of the Scientific Adviso-
ry Committee (SAC) of CIAB held through video-conferenc-

ing.

October 07, 2022: Sixteenth meeting of the Governing Body
(GB) held at NABI, Mohali.

December 02, 2022: Tenth meeting of the CIAB Society held
at NI, New Delhi.
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STAFF STATUS (AS ON MARCH 31, 2023)

SCIENTIFIC STAFF

CIAB: Annual Report 2022-23

Sr. Name Designation Date of Joining
No.

1. Prof. Ashwani Pareek Chief Executive Officer (Additional Charge) | -

2. Dr. Sudesh Kumar Scientist-G 12-04-2016
3. Dr. Saswata Goswami Scientist-F 11-03-2015
4, Dr. S. Saravanamurugan Scientist-F 14-07-2016
5. Dr. Sasikumar Elumalai Scientist-E 24-03-2014
6. Dr. Jayeeta Bhaumik Scientist-E 12-08-2016
7. Dr. Bhuwan Bhushan Mishra Scientist-D 07-12-2014
8. Dr. Sudhir Pratap Singh Scientist-D 24-06-2015
9. Dr. Meena Krishania Chaudhary Scientist-C 01-01-2016

TECHNICAL STAFF

Sr. Name Designation Date of Joining
No.
1. Sh. Balwan Singh Assistant Executive Engineer (Electrical) 01-08-2014
2. Sh. Manjeet Singh Assistant Engineer (Civil) 07-07-2017
3. Sh. Umesh Singh Technical Officer 04-12-2013
4, Dr. Nidhi Budhalakoti Technical Officer 21-01-2016
5. Ms. Suvosree Mukherjee Sr. Technical Assistant 08-12-2022
6. Ms. Sandhya Yadav Sr. Technical Assistant 14-12-2022
7. Dr. Mainpal Singh Sr. Technical Assistant (Farm) -
(Additional Charge)

ADMINISTRATIVE STAFF

Sr. Name Designation Date of Joining
No.

1. Sh. Hardip Singh Store Purchase Officer 24-01-2014

2. Sh. Anil Dhankhar Administrative Officer 29-12-2021

3. Sh. Anil Dhankhar Finance Officer (Additional Charge) -

4, Sh. Aman Sethi Management Assistant 07-03-2014

5. Sh. Sant Lal Pasi Management Assistant 04-09-2015

6. Sh. Sukhjinder Singh Management Assistant 19-10-2016

7. Ms. Hema Pharswan Management Assistant (Additional Charge) -

8. Sh. Sabir Ali Management Assistant (Additional Charge) -
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VALUE ADDITION TO PRIMARY PRO-
CESSING RESIDUES/WASTES FOR EDI-
BLE PRODUCTS

This area entails projects and activities fo-
cused at developing and/or gainfully modify-
ing processes or recruiting existing processes
for up-scaling to obtain value added products
of nutritional benefits, nutraceutical potential,
better substitutes to existing food additives,
new products and olfactory value addition to
citronella essential oil, garlic oil, curcumins,
etc. Protein hydrolysate from corn meal, kin-
now byproducts and xylitol from rice residues
are some of the representative examples of
such products.

RESEARCH

n

NUTRITIONALS, NUTRACEUTICALS, AND PRO-
CESSING FOR BIOPRODUCT VALUE OR USE
UPGRADATIONS

The area covers research projects and activities involv-
ing processes and products including formulation of
products of nutritional/nutraceutical significance. It
covers new line of products based on traditional foods
of known taste and functional significance, new for-
mulations and additives, phytochemiclas of safe and
known/promisingsignificance,chemicalan
d/orbiologica ltransformation for value upgrada-
tion, higher business positioning. Recovery of pectins,
fibers, oligosaccharides, polyphenols, protein hydroly-
sate value added products from citrus fruits, etc.
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VALORIZATION OF CROP WASTES FOR SPECIALTY
PRODUCTS AND CHEMICALS

This area aims to create value for the un-utilized or un-
der-utilized biomass left after crop harvest or arising out
of farm level operations for harvest of grains or agri-com-
modities. Thus, it aims to assess and realize the profitable
scope of their processing biologically and/or chemically
to generate a secondary stream of technology applica-
tion-based products. Nanocellulose, furfuryl alcohol, lig-
nin, phenolics, lignin based nanomaterials and platform
chemicals are some examples of such products. Results
of such a value creation effort in the biomass are cue to
catalyze the secondary farm income fitting, the subject of
‘secondary agriculture’ or ‘secondary agriculture products’
(SAP).

BIOSYNTHETIC TECHNOLOGY/SYNTHETIC BIOL-
OGY FOR LOW VOLUME-HIGH VALUE PRODUCTS
AND INDUSTRIAL ENZYMES

This area entails specific objectives of designing and pro-
ducing enzymes for specific advantages of catalytic spec-
ificity and/or performance in processing use perspective
to break the barriers of their natural availability amongst
available species. Production of a select number of native
enzymes of strong application prospects would also be
taken with respect to their fermentative production and/
or production of the catalytic reaction product. As well, it
is intends to pursue research programs recruiting biosyn-
thetic technology/synthetic biology for xenogeneic pro-
duction of high value nutraceutical molecules, rare sugars,
functional molecules, food and flavor additives, colors etc.
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Metabolic engineering of plants and microbes for value
added products. Synthetic biology and nanobiology ap-
proaches for enzyme/ microbes-based bioprocesses and
the transformation of biomass into value added products.

used in the production of antiviral medicines.

Despite being scarce in nature, rare sugars have
a wide range of applications in the food and pharma-
ceutical industries due to their biological, chemical,
and functional properties. Some of rare sugars include
D- psicose, D-allulose, D-tagatose, D-talose, L-ribose
etc. D-tagatose is also employed as a prebiotic in de-
tergents, cosmetics, and pharmaceutical formulations
whereas D-allulose is a potential immunosuppressant.
Similarly, D-talose holds application as anti-microbial
and anti-tumor agent. L-ribose serves as the building
block for the production of various antiviral and an-
ticancer medicines, including Telbivudine, Emtricit-
abine, and Clevudine. Ligno-cellulosic biomass such as
beet root and onion contains sugars that acts as pre-
cursor for the production of rare sugars. The composi-
tion of various sugars in different dried plant biomass-
es has suggested the presence of 17-23% arabinose
and 26.2% galactose in beetroot pulp and onion waste
respectively. These sugars can act as precursor for the
synthesis of rare sugars L-ribose and D-talose. The bi-
ological catalysts are largely explored systems for the
biological transformation process for the production of
rare sugars from the biomass.

Rare sugars are mostly L-nucleoside analogues

Process development for the production of rare sug-
ars L-ribose and D-talose using immobilised L-arab-
inose isomerase and L-ribose isomerase: In our lab,
we have developed a cobalt metal based micro-com-
posite construct for enzyme immobilization through
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physical adsorption (Figure 1). Micro-composite con-
struct consisted of two different immobilised enzymes,
L-arabinose isomerase (L-Al) from Lactobacillus sakai
23 K and L-ribose isomerase (L-RI) from Cellulomonas
parahominis MB426. The enzymes L-Al and L-RI were
physically adsorbed on the micro-composite structure
(DEMC@L-AI+L-RI). Such immobilization could be of
great significance and provide several advantages like
mesoporous surface for enzyme adsorption, desirable
functionality in the production of products in enzyme
cascade reaction, high storage stability and enhanced
recyclability. This dual enzyme hybrid construct fol-
lows the enzyme cascade mechanism to synthesize
rare sugars like L-ribose and D-talose. Initially, the first
substrates L-arabinose and D-galactose were isomeri-
zed by L-Al generating intermediate monosaccharide
L-ribulose and D-tagatose, respectively. The immobili-
zation yield was 32% and loading of enzyme was 22%
on the surface of micro-composite. The DEMC@L-AI+L-
Rl showed relatively stable catalytic activity at pH 5-6
and temperature 40 °C. The catalytic efficiency (kcat/
Km) of both the enzymes was increased by 1.5-fold
after immobilization. With the immobilized biocata-
lyst, bioconversion of L-arabinose to L-ribose was 22.6%
and D-galactose to D-talose was 15.2%. The reusability
of developed biocatalyst for more than six cycles was
observed for more than 50% yield of the sugars. The
conversion of biomass sugars from beetroot and on-
ion waste residues was 20% and 14% to produce ribose
and talose, respectively.

Exploring the potential of Microbacterium sp.
CIAB417 for hydrolyzing mannan: Hemicelluloses are
a group of structural polysaccharides that intercalate
with lignin and cellulose to create the plant cell wall.
These structural polymers are named after the primary
sugar moieties that form their backbone chain via 1-4
glycosidic linkage. Hemicellulose mainly comprises of
xylan and mannan as major structural polysaccharides.
Some of the building blocks of hemicellulose include
sugars like D-mannose, D-galactose, D-xylose, D-glu-
cose and L-arabinose which form the branched and
linear chain of the polysaccharide. Mannan is classified

Figure 1. L-Arabinose isomerase and L-ribose isomerase
micro-composite for production of rare sugars L-ribose
and D-talose..
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Figure 2. Cartoon representation of three mannanases (Man1, Man2 and Man3) showing
difference at their structural level along with their catalytic active residues in atomic rep-

resentation.

as galactomannan, galactoglucomannan, linear man-
nan, and glucomannan. Their backbone chain is made
up of -1, 4-linked mannose sugar or a combination
of mannose and glucose units, with short side chains
made up of -1, 6-linked galactose residues. Owing to
its complex structure, complete destruction of man-
nan requires pool of enzymes. The primary enzymes
that can complete the hydrolysis of heteromannan
are mannanase, beta-glucosidases, mannosidase, and
alpha galactosidases. Mannanase is a protein that hy-
drolyzes mannan to produce manno-oligosaccharides,
a prebiotic that promotes the growth of gut bacte-
ria. It has also been shown to diminish the viscidity of
mannan-rich feed fed to broilers in the feed business.
Hence, exploration of microorganisms with industrial
mannanase generating properties is therefore critical.

Recently, in our lab we have explored the potential Mi-
crobacterium sp. CIAB417 for having different industri-
ally important mannanase encoding genes. The whole
genome sequence of the genome of Microbacterium
sp. CIAB417 revealed the presence of mannanase and
glycosidase responsible for the complete destruction
of mannan. The Microbacterium sp. CIAB417 was
determined to be a new species and was named as
Microbacterium camelliasinensis CIAB417 (accession
number JAHZUTO0O0000000). The draught genome is
projected to be 6.53 mbp long, with 41 contigs and
6078 genes. However, only 82.35% of the genes were
assigned to their roles. The full genome phylogeny, ANI
score (78.84%), and GGDC (genome to genome dis-
tance calculations) demonstrate that likelihood (DDH
70%) is equivalent to 0% and that there is no variation
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Figure 3. Temperature and pH optima for the mannanase
encoded by man1, man2, and man3: the man1 mannanase
show its optimum pH at 5 (i) and temperature at 40 °C (ii) (a),
the man2 mannanase show its optimum pH at 6 (i) and tem-
perature at 50 °C (ii) (b), and man3 show its optimum pH at 7
(i) and temperature 40 °C (ii).
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in advanced biochemical capabilities between closely
anticipated species. Whole genome analysis revealed
the discovery of three new mannanase-producing
genes, manl, man2, and man3. (Figure 2) Man1 and
man2 mannanases were assigned to the GH5 family
based on sequence homology, conserved amino acid
residues, and structural homology modelling, while
man3 was predicted to be in the GH113 family. The
man2 mannanase was discovered to be acidophilic
and thermotolerant in nature among three different
varieties of mannanase. Mannanase hydrolyzed stan-
dard pentamannan into MOSs (M2, M3, and M4) over
a wide temperature range of 50 to 120 °C (Figure 3).
Mannanase, together with alpha-galactosidase (glal)
and beta-glucosidase (glu1), has been shown to com-
pletely depolymerize mannan.

Process optimisation for the production of xylitol
from rice straw using Candida tropicalis GS18: Xyli-
tol is a naturally occurring penta-hydroxy sugar alcohol
that is utilized as a low-calorie sweetener in a range
of food products. Because of its outstanding features,
such as anticariogenecity, no insulin reliance for me-
tabolism, gastrointestinal tolerance, and high chemical
stability, it is widely employed in the food and pharma-
ceutical industries. Commercially, xylitol is produced
by dehydrogenation process using high temperature
and pressure conditions using metal like nickel, palla-
dium etc. The chemical process for producing xylitol is
time-consuming, energy-intensive, and expensive, ow-
ing to the extensive hydrogenation and purifying stag-
es. The biological pathway for xylitol manufacturing
can be an appealing alternative, because of the consid-
erably easier procedure, minimal chemical demand,
high product yield, high purity, and fewer downstream
processing stages. The bioconversion of xylose to xylitol
has been achieved using wide range of yeasts, fungi
and bacteria. Some of them include Debaromyces sp.
and Candida sp. Rice straw offers an excellent source
for large scale production of xylitol from xylose residues
present in xylan of rice straw. But the complex struc-
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ture of makes it difficult for the conversion of xylan to
xylose, thereby hindering the production of xylitol.

In our lab, we have used nitric acid method for the
pre-treatment of rice straw for the production of xyli-
tol using our isolated Candida tropicalis GS18 (Figure
4). Nitric acid pretreatment has been rooted as the
preferred approach due to many advantages such as
shorter processing time with better sugar yields and
the generation of substantially less inhibitory chem-
icals than sulfuric acid. For maximum fermentable
sugar liberation, several factors such as solid to liquid
ratio, acid concentration, residence temperature, and
time were tested. The xylan of rice straw was converted
to 71.32% xylose after 30 minutes of treatment with
1% (v/v) dilute HNO3 at 121 °C. Using 2% (w/v) acti-
vated carbon, the method removed all furfurals and
HMF while only partially removing acetic acid. After 96
hours of fermentation, the newly isolated strain of Can-
dida tropicalis GS18 obtained maximum xylitol titres
of 25.15 g/L and 34.21 g/L from non-detoxified and de-
toxified hydrolysates of rice straw biomass, respectively,
at 30 °C, 150 rpm, and pH 5.5.

We also evaluated the efficacy of bacterial cellu-
lose-sodium alginate (BC-AG) matrix for Candida trop-
icalis GS18 in the process for production of xylitol from
rice straw hydrolysate. The BC-AG composite made by
cross-linking 3.0% CaCl2 solution with 3.0% alginate
and bacterial cellulose in a 1:1 ratio was determined to
be the best suited for cell immobilisation. In synthetic
and detoxified medium, the maximal xylitol yield and
productivity obtained from immobilised cells on BC-
AG composite were 0.67 g/g; 0.70 g/L/h and 0.55 g/g;
0.52 g/L/h, respectively. In synthetic and detoxified hy-
drolysate media, the composite was successfully em-
ployed for up to five repeated batch fermentations.

Characterization of Lytic polysaccharide monoox-
ygenase for cleavage of 3-O-4 linkage of lighin de-
rived compound: The three principal components of
ligno-cellulosic biomass are polysaccharides, cellulose,
and hemicelluloses, as well as lignin. Lignin and its
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Figure 4. Process for hydrolysis of rice straw using nitric acid and production of xylitol using C. tropicalis GS18.
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Figure 5. Schematic representation for oxidation of GGE by LPMO for cleavage of -O-4 linkage to form guaiacol
as its major product.
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Figure 6. Molecular docking highlighting interaction between GGE and LPMO around catalytic active site of
LPMO. Molecular docking highlighting interaction between GGE and LPMO around catalytic active site of LPMO.
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phenolic derivatives cover the gaps between cellulose
and hemicelluloses in which cellulose is tightly impris-
oned, forming a barrier to cellulose enzymatic hydro-
lysis. Lignin is a complex polymer that is made up of
three fundamental units: p-Coumaryl alcohol, sinapyl
alcohol, and coniferyl alcohol. These three subunits
differ in content and location of the methoxy group
on the phenolic nucleus, namely P-hydroxyphenyl (P),
guaicyl (G), and syringyl (S), and are connected togeth-
er by various connections, the most frequent being the
B-O-4 linkage, to form a complex polymer. Despite the
fact that there are several enzymes that oxidise lignin
monomers, not much has been studied for cleavage of
B-O-4 linkage of lignin to yield its monomeric compo-
nents. Lytic polysaccharide monooxygenase (LPMO) is
a copper-dependent enzyme that oxidatively cleaves
a wide spectrum of polysaccharides and oligosaccha-
rides such as cellulose, chitin, starch, xyloglucan, and
cello-oligosaccharides. The lack of in-depth knowledge
of lignin and LPMO reaction kinetics impedes the de-
sign of efficient LPMO-based biomass degrading pro-
cesses.

In our study, we focused on studying the interaction
between LPMO and the B-O-4 lignin molecule guaicyl
glycerol -guaicyl ether (GGE). Our study focuses on the
thorough molecular and kinetic characterisation of
GGE oxidation by LPMO. Molecular characterizations
were performed computationally using docking and
simulation studies to demonstrate the interactions be-
tween amino acid residues of LPMO and GGE. In-depth
kinetic characterization investigations show that GGE
acts as the actual substrate of LPMO-AOAA17, with
guaiacol as the cleavage product. The oxidised reaction
mixture’s UPLC, TLC, and NMR analyses verified the
production of guaiacol via selective cleavage of GGE
at the B-O-4 bond by LPMO. The LPMO kinetics shown
using Michaelis-Menten and Lineweaver Burk yielded a
Km of 3.566 +1.002 mM and a catalytic efficiency (kcat/
Km) of 43x103 M-1s-1 for GGE. For the LPMO-driven
cleavage of GGE, a full catalytic process involving O2
and H202 was proposed and validated (Figure 5). The
interaction of amino residues around the copper active
site of LPMO with GGE was discovered using molecular
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docking and molecular dynamic modelling. The maxi-
mal interacting energy contribution by MET 1 of LPMO
was shown as per residue interaction energy of amino
acid. The presence of GGE at the substrate binding site
supports the strong interaction between LPMO and
GGE (Figure 6).

Process optimisation for extraction of xylooligo-
saccharides from rice bran and corn bran using
cold plasma: Lignocellulosic biomass high in cellu-
lose, hemicellulose and lignin can be used to create
desired bioactive extracts comprising monomers and
oligomers. Many valuable products such as ethanol,
furfurals, oligosaccharides etc. can be derived from lig-
nocellulosic biomass. Xylo-oligosaccharides (XOS) are
one such product that can be produced xylan in hemi-
celluloses of biomass. XOS holds potential application
as cholesterol lowering capabilities, improving calcium
absorption, stimulating probiotic growth in gut and
improving digestibility system. Several pre-treatments
methods including physical, chemical and mechanical
have been explored for the extraction of XOS from bio-
mass. These pre-treatments, however, have varied ef-
fects on cellulose, hemicellulose, and lignin. We need
a cost effective yet sustainable method for the produc-
tion of XOS from biomass.

Here, in our lab, we have used cold plasma meth-
od for the extraction of XOS from rice bran and corn
bran dietary fibres (Figure 7). Polyphenols and dietary
fibres were isolated from rice and corn bran prior to
XOS extraction. The maximum release of XOS from rice
bran dietary fibres was increased by using atmospheric
cold plasma at 240 V for 15 minutes and vacuum cold
plasma at 240 V for 25 minutes. Similarly, 30 minutes
of atmospheric cold plasma at 220 V and 20 minutes
of vacuum cold plasma at 260 V increased the maxi-
mal release of XOS from maize bran dietary fibres. The
observed alterations in the structure of rice and corn
bran dietary fibres under cold plasma by FTIR analy-
sis demonstrated their feasibility for XOS extraction.
When compared to untreated rice and corn bran di-
etary fibres, cold plasma treatment considerably (p<
0.05) improved XOS extraction. Furthermore, after cold

Cold Plasma Treatment

Corn Bran

Micro-punctured Cell Wall

000 eee
(2 2 2 2

Xylooligosaccharides /

Figure 7. Cold plasma treatment for extraction of XOS from rice and corn bran dietary fibres.
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plasma treatment, SEM pictures revealed micro-punc-
tures in rice and maize bran dietary fibres. XOS extract-
ed by cold plasma treatment demonstrated improved
stomach digesting. Furthermore, cold plasma extract-
ed XOS was not cytotoxic to RAW 264.7 or HepG2 cell
lines. Cold plasma extracted XOS was found to en-
hance anti-inflammatory effects.

Salient Achievements

*

Designing of cobalt based micro-composite for the con-
version of biomass derived sugars to rare sugars L-arab-
inose and D-galactose to L-ribose and D-talose respec-
tively.

The cascade reaction was carried out using L-arabinose
isomerase (L-Al) and L-ribose isomerase (L-RI) that were
immobilized on zeolite based metal framework as a mi-
cro-composite construct (DEMC@L-AI+L-RI).

The catalytic efficiency of immobilised enzymes was in-
creased by 1.5 fold as compared to the free enzymes.
The conversion of biomass sugars from beetroot and
onion waste residues was 20% and 14%, respectively, to
yield ribose and talose.

The immobilised enzyme catalyst was recyclable for
more than six cycles with 50% yield of sugars.

Whole genome analysis of Microbacterium sp CIAB417
revealed the presence of mannanase and glycosidase for
the hydrolysing mannan.

It was found to be novel species and named as Micro-
bacterium camelliasinensis CIAB417 (accession number
JAHZUTO00000000).

CIAB: Annual Report 2022-23

Three different mannanase were found in Microbacteri-
um with the great potential of hydrolysing mannan.
One of mannanase (man2) was found to be theromo-
stable and acidophilic with the temperature stability be-
tween 50 to 120 °C.

Identification of novel Candida tropicalis GS18 strain for
production of xylitol.

Optimised process for hydrolysis of rice straw using nitric
acid pre-treatment.

71.32% xylose yield was obtained by treatment with di-
lute nitric acid.

The newly isolated strain of Candida tropicalis GS18 ob-
tained maximum xylitol titres of 25.15 g/L from rice straw.
The potential of bacterial cellulose-sodium alginate (BC-
AG) matrix for Candida tropicalis GS18 in the process for
production of xylitol from rice straw hydrolysate was also
tested.

The maximal xylitol yield and productivity obtained from
immobilised cells on BC-AG composite were 0.67 g/g;
0.70 g/L/h and 0.55 g/g; 0.52 g/L/h.

Identification of LPMO for cleavage of f-O-4 bond of
lignin based compound guaicyl glycerol -guaicyl ether
(GGE).

Michaelis-Menten kinetics showed a Km of 3.566 +1.002
mM and a catalytic efficiency (kcat/Km) of 43x103 M-1s-1
for GGE.

Molecular docking and molecular dynamic simulations
indicated strong interaction between LPMO and GGE.
Cold plasma was used for extraction of XOS from rice and
corn bran fibres.

The in-vitro digestibility of XOS was also increased by
cold plasma treatment.

The XOS extracted using this method showed no inflam-
matory response on HepG2 and RAW 264.7 cell lines.
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nanocellulose based crosslinked adsorbent
Ahas been employed here for the removal of

dye pollutant from the textile industry such
as methylene blue. Adsorption method is one of the
most effective approach due to its low cost, high ef-
ficiency, ease of design, superior stability and flexibil-
ity. Currently, biopolymer based formulations became
an effective and innovative approach for their strong
biocompatibility, biodegradability, renewability, water
retention capacity and affordability. Hydrogels are the
3D cross-linked polymeric structures that can absorb a
significant amount of water without getting dissolved.
Hydrogels are currently in used specifically to remove
dyes pollutants via adsorption mechanisms through
various interactions such as electrostatic, ion exchange
and hydrogen bonding etc.

Nanocellulose based novel adsorbent with en-
hanced physiochemical, thermal, and mechanical
properties for water remediation: Among these,
guargum (GG) and its cross-linked derivatives have
shown great potential as flocculating agents, making
it an excellent candidate for hydrogel formation for
wastewater treatment, drug delivery and biosensors
applications. However, there are still certain limitations
for their scope of applications, such as weak mechani-
cal properties and restricted durability that can be ad-
dressed by incorporating nanoparticles such as cellu-
lose nanoparticles i.e., nanocellulose (NC). NC enables
better interaction with matrix because of their larger
specific surface area, low density, high crystallinity and
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high strength to weight ratio. Borax (BX) is a dynamic
crosslinking agent that dissociates into trigonal boric
acid (B(OH)3) and tetrahydroxy borate ion [B(OH)4]- in
agueous solution. These ions react with the functional
groups such as -OH groups of polymers to form di-diol
cross-links (boron ester bonds) that enhances the ther-
mal and mechanical properties of hydrogels. In the
present study, the tetrahydroxy borate ion [B(OH)4]-
of borax was physically crosslinked with -OH groups
of GG and NC, forming the di-diol cross-links (Fig. 1).
The crosslinked nanocellulose based hydrogel was pre-
pared through simple dissolution and polymerization
method.

Physiochemical properties

Swelling Index (S1%): The swelling ability of hydrogel
generally depends on factors including immersion
time, polymer constituents, solvent, specific surface
area, amount of cross-linker, pore size, and hydrophilic
groups present in hydrogels. In this study, SI% for hy-
drogels (GG/BX and GG/NC/BX) was determined under
different pH conditions (pH 4-9) as depicted in Fig 2b.
The hydrogels reached their swelling equilibrium with-
in 6 h. Under alkaline conditions, a substantial increase
in the SI% was observed upon addition of NC to the GG/
BX based hydrogel, as it provides mechanical strength
to the hydrogel due to stronger H-bonding between
the constituents in aqueous solution. This is due to the
fact that in acidic conditions, cross-linked networking
was unable to efficiently ionise, keeping the hydrogels
in a less flexible, collapsed state. In contrast, alkaline
conditions provide increased hydrogen bonding that
led to the development of more cross-linked chains.
The increased water intake by crosslinked hydrogel at
higher pH might be attributed to the antagonistic in-
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Figure 1. Crosslinking mechanism of the borax crosslinked

guargum/nanocellulose based hydrogel forming di-diol com-
plex.
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Figure 2. (a) Gel appearance (b) Swelling Index (%) (c) Biodegradability (Weight loss %) (d) Digital images of (i) GG/
BX (ii) GG/NC/BX biodegradable hydrogels (e) Recyclability analysis.

teractions between the anionic component of the alka-
line buffer and negatively charged B(OH)4- ions, which
further induces the intra-network voids to expand even
more to retain maximum amount of water enabling
the excellent MB carrying capacity of hydrogel.

Biodegradability: Following a biodegradability test in
soil, the weight loss (%) of the two hydrogels was es-
timated (Fig. 3 c). It was important to notify that the
addition of NC in hydrogel (GG/NC/BX) resulted in a
considerably lower rate of weight loss than the GG/BX
hydrogel. Upon addition of optimal NC concentration,
the weight loss in the GG/BX hydrogel dropped from
98.2% to 4.04% on 3rd day. However, 98.72% of weight
loss was observed in NC incorporated hydrogel on 7th
day (Fig. 2c & d). A significant reduction in weight loss
(%) may have been as a result of the smaller pore size of
NC incorporated hydrogel, which inhibits soil microbes

from entering in to the swollen hydrogel.

Reusability: The recyclability of hydrogel samples
demonstrated by the percentage removal of MB dye
through adsorption-desorption cycles. It has been ob-
served that GG/BX hydrogel was reused twice with
maximum 43.6% dye removal capacity, whereas GG/
NC/BX exhibited 64.58% dye removal efficiency even
after used for 4 consecutive cycles (Fig 2e). The GG/BX
hydrogel degraded prior to GG/NC/BX due to its me-
chanically less resilient structure that leads to earlier
degradation of polymer chains in GG/BX hydrogel on
repeated alkali treatment.

Adsorption studies for the removal of MB dye

Effect of pH on MB adsorption: The efficacy of adsorp-
tion is substantially influenced by the pH of the solution
that affects the charge on crosslinked hydrogel and
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Figure 3. Dye removal percentage at (a) Different pH (b) Point-of-zero-charge on hydrogels (c) Different tempera-
ture (d) Different time (e) Images of dye adsorption by GG/NC/BX hydrogel at different contact time.

MB dye surface. The surface charge distribution of the
GG/BX and GG/NC/BX was examined by measuring the
point-of-zero-charge (Pzc) in accordance with a previ-
ously described method. At pH < Pzc, hydrogels would
be positively charged, whereas at pH > Pzc, hydrogels
remain negatively charged. In case of GG/BX and GG/
NC/BX, Pzc was found to be at pH 7.35 and 7.29, re-
spectively (Fig 3b). Therefore, the adsorption of MB dye
by GG/BX and GG/NC/BX would be more effective at
pH >7.35 and 7.29, respectively, as adsorbents would
have more negative surface charge for the positively
charged dimethylamine groups. In current study, the
impact of pH (4-9) on MB dye adsorption has been in-
vestigated (Fig. 3a), where in case of GG/BX and GG/NC/
BX hydrogels, the R% value gradually increased upon
increasing pH from 4 to 8. The GG/BX and GG/NC/BX
hydrogels exhibited maximum adsorption at pH 8 with
the maximum R% of 84.12% and 98.8%, respectively,
which may be attributed to the higher electrostatic in-
teractions between MB dye molecules and -OH groups
on hydrogel surface.

Effect of temperature on MB adsorption: The tem-
perature dependence of MB adsorption onto hydrogel
surface has been studied within temperature range
30-50 °C and dye concentration 30 mg L-1 at pH 7. Fig.

3c illustrates the decrease in R% value with increase
in temperature range from 30-50 °C. As already men-
tioned, at high temperature swelling index reduced
that ultimately led to decrease in R% value due to the
unavailability of active adsorption sites on hydrogel
surface, as well as decline in quality transportation of
the MB dye molecules on hydrogel surface. In present
scenario, the R% decreases above 30 °C as number of
available active sites are fully occupied and considered
as ideal temperature for MB dye removal.

Effect of contact time on MB adsorption: The effect of
contact time (15-60 min) on adsorbate adsorption has
been examined as shown in Fig. 3d & e. Initially, with
increased contact time, a high slope of curve demon-
strating high R% value slowly approaches a much low-
er sorption rate. This indicated that adsorption reac-
tion perhaps occurring in two different phases: where
initially MB dye removed by rapid external surface
adsorption, followed via transportation of surface-ad-
sorbed MB dye to the internal adsorption sites of the
hydrogel. Parallel results have been reported in previ-
ous study of AO7 dye removal by gel anion exchang-
ers, where saturation in dye adsorption was achieved
within 10 min at initial dye concentration. In the pres-
ent study, GG/BX and GG/NC/BX showed maximum
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Figure 4. (a) XRD spectra (b) FT-IR spectra (c) TGA graph (d) SEM micrograph (e) Viscoelastic behaviour - storage

and loss moduli of GG/BX and GG/NC/BX hydrogels.

MB dye adsorption within 60 and 30 min respectively,
indicating the achievement of equilibrium because of
the unavailability of active adsorption sites. The higher
adsorption rate in case GG/NC/BX might be due high
surface area and higher number of active adsorption
sites which subsequently resulted into stronger elec-
trostatic attraction between the charged moieties of
MB dye and hydrogel surface causing equilibrium to
reach within shorter contact time.

Characterization: The structural and surface morphol-
ogy of the hydrogel was investigated using scanning
electron microscope (SEM; JEOL JCM 6000 Nikon Cor-
poration) at an accelerated voltage of 10 kV. To iden-
tify functional groups of hydrogel composite, Fourier
Transform Infrared Spectroscopy-Attenuated Total Re-
flection (FTIR-ATR) analysis was performed using Agi-
lent Technologies Carry 600 instrument with a resolu-
tion of 4 cm-1 between the ranges of 400-4000 cm-1.
The thermogravimetric analysis (TGA; simultaneous

thermal analyser (STA) 8000) at a temperature inter-
val of 30-800 °C with the uniform heating rate of 10
°C/ min under the nitrogen atmosphere was employed
to examine thermal stability of hydrogel. X-Ray diffrac-
tion (XRD) analysis was performed to find the phase
composition (crystallinity or amorphous) and thereby
chemical composition of crosslinked hydrogel. The
samples were analysed with the high-speed position
sensitive detector system in Cu X-ray tube device with
Ni filter and scanned over a range of 2° value of 5-60°
at 5 °C/min rate.

Life-Cycle Assessment (LCA) study of Polyhydroxy-
butyrate (PHB) production by B. pseudomycoides
SAS-B1

The synthetic polymer has become a serious environ-
mental concern, necessitating the development of al-
ternative biodegradable polymer manufacturing pro-
cesses. Most conventional plastics are fossil based and
non-biodegradable. According to a survey conducted
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Process inputs and product Components Amount
Output products Polyhydroxybutyrate (Basis) 100 gm
Input products Water 22 L
Air 21L
Glucose 0.110 kg
Corn Steep Liquor 0.280 kg
Acetone, liquid 0.215 kg
Ethanol 0.210 kg
Hypochlorite Solution 0.209 kg
Sodium chloride 0.220 kg
Glycerol 0.0715 kg
Electricity/heat Boiler Steam 1.936 kg
Electricity Supply 1181.67 kWh
Emissions to air Carbon Dioxide Fermentation 0.12 kg
Emissions to water Fermentation Broth Filtrate 10L
Emissions to soil Fermentation Biomass 0.12 kg

Final waste flows

Broth Filtrate and Product Recovery 20 L
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Table 1. Inventory used to produce PHB in one batch using a 14-L bioreactor (BioFlo 415, New

Brunswick Scientific Co., NJ, USA).

Process inputs and product Components Amount
Output products Polyhydroxybutyrate (Basis) 100 gm
Input products Water 22 L
Air 21L
Glucose 0.110 kg
Corn Steep Liquor 0.280 kg
Acetone, liquid 0.215kg
Ethanol 0.210 kg
Hypochlorite Solution 0.209 kg
Sodium chloride 0.220 kg
Glycerol 0.0715 kg
Electricity/heat Boiler Steam 1.936 kg
Electricity Supply 1181.67 kWh
Emissions to air Carbon Dioxide Fermentation 0.12 kg
Emissions to water Fermentation Broth Filtrate 10L
Emissions to soil Fermentation Biomass 0.12 kg

Final waste flows

Broth Filtrate and Product Recovery 20L

by Global Plastic Market Report 2023, the global plas-
tic market size is anticipated to reach USD 824.46 bil-
lion by 2030, growing at a CAGR of 3.98% from 2023
to 2030. The growth of the market criticality lies in var-
ious factors, such as the ever-increasing requirement
of end-users in terms of product specification and
versatility influencing consumption dynamics. Some
important companies involved in the Global Plastic
Products Market include Amcor Limited, Berry Glob-
al Group, Inc.,, Sealed Air Corporation, Avery dennison,
Brookfield Asset Management, Sekisui Chemical Co,
Ltd., Aptar Group and 3M Company.
Poly-3-hydroxybutyrate (PHB) is an intracellular poly-
ester accumulated by bacteria with characteristics like
some common polymers. The ability of microorgan-
isms to accumulate PHB makes them highly desired
in the fermentation industries sought after projects
survey report. Bacteria produce PHB that have a long-
term both energy and carbon storage function under
unfavourable conditions. Presently there are more than
300 species of bacteria that produce PHB under differ-
ent forms of stress and unstable conditions such as Ba-
cillus cereus, B. megaterium, Aeromonas caviae, Pseu-
domonas fluorescens, Cupriavidus necator, and many
more. Recent research has revealed that PHB plays ad-
ditional roles to maintain cellular functions under ad-
verse environmental stress of temperature fluctuations,

harmful radiations, and osmotic imbalance other than
energy and carbon storage function. They also act as a
critical response to hypertonic pressure in high-salinity
environments.

The business volume of PHB is reached USS 99.69
million in 2021 and is expected to reach USS 288.40
million by 2029 at a CAGR of 14.2% over forecast peri-
od. Major business companies involved in the PHB are
Kaneka Corporation (Japan), BASF (Germany), Tianjin
GreenBio Materials Co,, Ltd (China), Green Dot Bioplas-
tics (USA), Triveni Interchem Pvt Ltd (India), Biomer and
Danimer Scientific. Therefore, an attempt has been
made towards contributing with a scientific approach
for the process development for high yield of PHB
through fermentation at low cost. PHB can be utilized
to develop biodegradable polymers to find a better al-
ternative for synthetic polymers for applications in in-
dustry, agriculture, and other daily life.

Goal and scope of LCA study: Innovative PHB produc-
tion based on fermentations by B. pseudomycoides
SAS-B1 requires reliable assessment in technological,
economic, and environmental aspects. The research is
concerned with evaluating the environmental impli-
cations of acquiring valuable PHB from B. pseudomy-
coides SAS-B1. SimaPro 9.2.0.2 software was used to
perform the life cycle assessment (LCA) for the current
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Figure 5. Environmental impact on 18 damage categories after PHB production by B. pseudomycoides SAS-B1

(A-C).
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Figure 6. The Impact assessment based on the weighting phase for PHB production by B. pseudomycoides

SAS-B1
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study following ALCA (Attributional Life Cycle Assess-
ment). The microbial fermentation process was based
on the experimentation for PHB production in a 14-L
bioreactor documented in the procedure sections. The
present research assessed the feasibility of PHB pro-
duction by utilizing different substrates, their recovery,
and purification.

Life-Cycle Inventory: For the experiment, an inventory
of the substrate consumption and potential environ-
mental impact of PHB production by B. pseudomy-
coides SAS-B1 was put together. Most of the inventory
data was present derived from the Eco-invent data-
base. In this study, energy was provided by non-renew-
able energy sources based on the Indian location. The
inventory used for the production of PHB in one batch
is shown in Table 1, with a focus on the output and
input products.

Life cycle Impact Assessment (LCIA): The present LCA
analysis aims to provide the impact associated with
PHB production using the ReCiPe impact assessment
approach. The method was set up with the midpoint
and endpoint set of indicators, which enabled the as-
sessment of problems across 18 damage categories
and their probable solutions. For this, the indicator rec-
ipe 2016 Midpoint (E)V1.04/World (2010) E, referring to
the Rest of World (RoW) was used. The outcomes of the
impact assessment and inventory analysis were sum-
marized in Fig. 6. and provided a precise conclusion
regarding LCA.

Evaluation of environmental damage and process
contributions: In the present study, LCA was execut-
ed with consideration given to the production of PHB
with various substrates and its subsequent recovery.
LCA assessed each component of an input that was
used and showed the direct and indirect load on the
ecosystem. The ReCiPe method assessed the effect on
18 impact categories and provided precise results in
the areas of ecological amenities, human well-being,
and natural resource availability. Marine ecotoxicity,
human non-carcinogenic toxicity, land use, and strato-
spheric ozone depletion were found to have significant
impacts in the present assessment out of the 18 im-
pact categories (Fig. 1).

The impact was comparatively negligible in all
other remaining categories. The impacts of PHB pro-
duction processes are primarily attributable to the raw
materials utilized at the beginning of the fermentation
process. To further cut down energy costs and impact,
previously acquired strain is more cost-effective rather
than being isolated. The carbon footprint and impact
assessment have been examined in several different
LCA studies. For instance, the first LCA for PHB produc-
tion was performed using corn starch as a renewable
resource. The energy of approximately 8491 MJ de-
rived from fossil fuel was used. Similarly, Akiyama et al.
(2003) were the first to report on (Greenhouse gas) GHG
emissions. They observed that GHG values (0.24 to 0.82
kg CO2 eq) were slightly lesser when soybean oil was
utilized as raw material as compared to glucose using
a recombinant strain of Ralstonia eutropha. In another
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study, by using Black syrup from a bioethanol plant
0.49 kg CO2 eq GHG was emitted for the PHA produc-
tion. A lower value of GHG would have a lesser impact
on climate change. According to the CML Baseline,
2000 system of LCIA, the production of 100 g of PHB
resulted in the release of 0.812 kg of CO2 equivalent
into the environment in the present study, while other
gases were released insignificantly. However, based on
the raw material, the major affected areas were marine
and terrestrial ecotoxicity. This can be improved by us-
ing more environmentally friendly raw materials. Fig. 2.
evaluated the contributions of processes to the overall
worth of the single score indicator. The colored lines
indicated the contribution of each process signifying
negative and positive environmental consequences. To
ensure understanding, only the fluxes that contributed
at least 1% of the total impact are mentioned. Acetone
and ethanol had a significant influence on the envi-
ronment. The crucial solution would emerge based on
such raw material production because both processes
were inventoried using previously experimental tech-
niques. Additionally, the heat and electricity in the
whole process and chemicals used in the separation
of biopolymers could also be responsible for other tox-
icity as well. Based on experimental processes, the use
of electricity and heat inside made a significant contri-
bution to the inventory. However, the existing database
library in SimaPro did not allow the introduction of sig-
nificant changes to the energy supply.

Salient Achievements

¢ A highly effective method was developed to synthesize
nanocellulose-based hydrogel in combination of guar-
gum, which serve as an efficient adsorbent for the re-
moval of MB dye.

¢ The hydrogel was characterized using SEM, XRD, FTIR
and TGA confirming its structural, functional as well as
thermal properties. The maximum adsorption capacity
was observed at pH 8, a contact time of 30 min and a
temperature of 320 °C.

¢ The synthesized nanocomposite showed an excellent
swelling and adsorption capacity of 3741.42% and 24.05
mg g-1, respectively.

* Further, the adsorbent demonstrated better reusability,
allowing for 4 consecutive cycles of dye removal, high-
lighting its potential application for wastewater treat-
ment.

¢ A life cycle assessment was carried out to know the
eco-friendly and sustainable PHB production by B. pseu-
domycoides SAS-B1. Therefore, in fermentation, the use
of energy sources, raw materials, and use of solvents for
the separation process and various scenarios for their
treatment is responsible for the overall impact.

¢ Extraction using a chloroform-based method, which is
more commonly used in downstream processes, also has
a significant environmental impact on the production
of PHA. Because of the significant dependence on raw
materials for the fermentation process, any change here
significantly improves the overall score.
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Entry Catalyst Glucose Yield (%)
conmversion Fructose Mannose
1 H-Z <1 0.3 0.5
2 *SnO2 9.5 4.2 -
3 SnaZS1s0Ao0 20.7 10.0 <1
4 SnaZSoA1s 18.4 7.5 -
5 ZS180A1s 19.5 <1 3.8
6 SnaZSi30A15 55.1 44.2 2.6
7 (Sn02)4ZS180A15 <1 <1 -
8 #SnaZS1s0A15 <l <1 -

T Rt ooT 12 1 fnmol]qﬁsr, 100 mg 38R, 5 mL g3ATd, 110 °C,
19eT; 907 2: 4 mL Y, 1¥02T, 110 °C 1 #Sn4ZS180A15 & Hisg Sn &l 9a
AT <1 ST fehant STTer 7 | frame aTe afeoms q@ eRor h g ¥ 1 #4 mL Uy,
125 °C, 1 92T




BIOPRODUCT CHEMISTRY

Dr. Shunmugavel

Saravanamu rugan
Scientist-F

Research Fellows
Smriti Thakur

Sahil Kumar

Hadi Ali

Priyanka Pal

Kanika Saini

Rahul Gautam

Neeraj Sharma and Supan

Expertise: Biomass conversion, heterogeneous catalysis,
synthesis of porous materials/metal oxides.

pores within H-ZSM-5 (H-Z) zeolite via desilication

and dealumination to incorporate Lewis acidic
metal, such as Sn, into the framework (Sn,ZS A ) to
catalyse glucose isomerisation. Sn,ZS, A = possesses
enhanced surface area (457 m2g-1), mesopore volume
(0.585 cm?® g-1) and a high weak-medium to strong
acidic sites ratio, compared to parent H-Z (395 m2 g-1;
0.174 cm? g-1). DRS-UV-Vis and XPS results corrobo-
rate Sn incorporation into the framework of Sn,ZS . A
based on the absorbance peak around 200-220 nm
and peaks appearing at 495.8 and 487.4 eV, respective-
ly. Sn,ZS . A, exhibits higher catalytic activity towards
glucose isomerisation in ethanol-water, yielding 44.2%
fructose with 80.0% selectivity. Conversely, the parent
H-Z afforded negligible glucose conversion with a fruc-
tose yield of <1% under identical conditions. Moreover,
Sn-incorporated on dealuminated (Sn,ZS A, ) and de-
silicated (Sn,ZS,, A,) catalysts give a low yield of fruc-
tose (7-10%), signifying the requirement of the desili-
cation-dealumination process before incorporating Sn
into the framework. This work has already been pub-
lished in the journal of ChemPlusChem (ChemPlus-

Chem 88 (2023) €202200299).

The present study focuses on generating meso-

Glucose Isomerisation to Fructose-A Crucial Plat-
form Chemical: Valorisation of biomass to high-value
products has recently been deemed an appealing and
alternative approach to fossil-based ones in which ze-
olites as catalysts play a substantial role in the selec-
tive transformation of biobased substrates due to their
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Figure 1. Reaction pathway of glucose isomerisation to fruc-
tose in the ethanol-water solvent

acidic and basic sites. Glucose isomerisation to fructose
is one such vital process in the conversion of biomass. It
has been widely explored due to its wide range of ap-
plications in the food industry as a sweetener and a po-
tential intermediate for the production of value-add-
ed products, such as 5-hydroxymethylfurfural (HMF),
levulinic acid and lactic acid. In connection with this,
a broad spectrum of homogeneous to heterogeneous
and bio-catalysts have been investigated for glucose
isomerisation to improve fructose selectivity.

Table 1. Catalytic glucose isomerisation with parent and
modified H-Z zeolites.

Entry Catalyst Glucose Yield (%)
conversion Fructose Mannose
1 H-Z <1 0.3 0.5
2 *SnO2 9.5 4.2 -
3 SnaZS150A0 20.7 10.0 |
4 SnaZSoA1s 18.4 7.5 -
5 ZS130A15 19.5 <1 38
6 SnaZS180A 15 55.1 442 2.6
7 (Sn02)aZS180A15 <1 <1 -

8 #SnaZS180A15 <l <1 -

Reaction condition: Step 1: 1 mmol glucose, 100 mg catalyst,
5 mL ethanol, 110 °C, 1 h; Step 2: 4 mL water, 1 h, 110 °C.
*the same amount of Sn used as present in Sn4ZS180A15.
The results shown are after the second step. #4 mL water,
125°C, 1 h.
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SOA15) T T 4 A % Sn = G IS THeIferrey wafa b, S
10.0% T A ekt (qferent 1, UfaT® 3 3K 4) Scaet gam, st Sakah
=0 ¥ wfsha weiaat 1 S e 31 AT 3T a1g o oo
STTE¥IRAT Rl ST § | S & 18 qEu-3maiig o1g, 99 Sn,
1 a7ufera = R, Sn4ZS180A15 7 55.1% (dTfershl 1, Wfaf® 6) &
TTehTST EUTARUT 3 W1 oISt (44.2%) (80.2% FAATHAT) I 3=
I &1 IS Mafarfts X 39k wTa  we & forg Sn wt wfie
A T gl SRfereher 3T ST T i STeRT-STe i & oy
off arepfora ToRa o 7, 3T I% Umam 7 3 Sn4ZS180A15 3 Tkt
IUST & ATC § A5 IS ATy UG ol € | TTohiet oh Toarelst
F HTGASIRT A 1 e F AR Aty w e # wiEe Sn
1 T 1 I8 A o Tolg, T Hiafshar fafaat 3 qed 4 a5 %
(Sn02)4ZS180A15 2 STFe 1 TT$ ST YT 717 foh kel <hl Teh 107
IUST (<1.0%) T g€ o, STt 1fa & Sheah & Sn 31 SoiReh wfie|
Jfer Sifafoere wfshan AR 3 fmfor <t s & &, Sod
T TSI Teeh ST STUTS oh T Uivars et grerer et &, Stffersher
g 3 YT ST Tediehd 30 ¥ 180 e qeh fema AT STR T
T35 Sn4ZS30A15 (30 fie w1 Sifbferhem) 3 Feae S 1 7 3 &
(17.4%) ) 29.7% ToTehIST TUTAROT o AT | S-S S HAH g9 i
TR (15 o) T gu Siffoehem o & gy gf, e 1 sue
17.49 44.2% T TG ITE, TlehIsT SUTATOTH 29.7 T 55.1% FI U GE |
T STITAT, Sn ol T e ¥ T8l 15 Y 180 fie o aia S
A o STher bt ST STeAg foma T ot | S-S Sifferhee wr
R (180 fFe) T gu SiqinvH T9a § gigy g€, weerst 1 3us
THMAR 44.2 ¥ et 33.0% &I 718, St guifar § foh Shyarh @ aifére
Al 1 g2 (37TeR S 31Fei1d WTgel hl BT1) 3 ohH o 13T BT
FARIS ! UGTaR dgH & forg, Fmior uiie ez & gregifeiiy
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Catalyst preparation and characterization and cata-
lytic testing: In a typical procedure, 1.5 g of H-Z zeolite
(15) and 30 mL of 0.5M aqueous NaOH solution were
taken in a 100 mL Ace-round bottom pressure flask,
placed in a preheated oil bath (60 °C) on a magnetic
stirrer, and stirred for 3 h or a specific time. After being
treated, the slurry was centrifuged at 8500 rpm for 10
min, and the supernatant was then decanted. The re-
maining solid portion was transferred to a 100 mL Ace-
round bottom pressure flask containing 15 mL of 13M
nitric acid and placed in a preheated oil bath (100 °C)
for 15 min or a specific time. After decanting the super-
nate, the solid portion was washed several times with a
copious amount of water until attaining the neutral pH
of the supernate. Finally, the obtained solid was dried
in an oven at 80 °C overnight, followed by grinding with
an appropriate amount of SNCl4.5H20 for 15 min with
a pestle and mortar and finally, calcined at 550 °C for
6 h with a ramp of 1.2 °C min-1 to obtain Sn-incor-
porated on modified H-Z zeolite. The parent H-ZSM-5
zeolite is denoted as H-Z, and the modified H-Z zeolite
was designated as SNWZSXAY (X and Y represent desil-
ication and dealumination time during the treatment
with NaOH and HNO3, respectively; W means weight
% of Sn incorporated).

All the glucose-to-fructose isomerisation reactions
were carried out in a 15 mL ace pressure tube. In a
typical one-pot, two-step reaction protocol, 180 mg
glucose, 100 mg catalyst and 5 mL ethanol were tak-
en in the pressure tube, tightly sealed and kept in a
preheated oil bath with requisite temperature (internal
temperature 105-130 °C) for a specific period (15 min
to 7 h) during the first step. After reacting, the reaction
mixture was quenched with ice water to arrest the re-
action. Then, 4 mL of water was added during the sec-
ond step, and the reaction was continued at the same
reaction temperature during the first step for a specific
time. The aliquot of the reaction mixture was collect-
ed after the first and second steps and subjected to
high-pressure liquid chromatography (HPLC).

The synthesized materials were characterized by
the following techniques to understand their physico-
chemical properties, viz., physisorption analyser, X-ray
diffractograms (XRD), diffused reflectance UV-Vis (DR-
UV-Vis), temperature-programmed desorption of am-
monia (NH3-TPD), X-ray photoelectron spectroscopy
(XPS), inductively coupled plasma mass spectrometry
(ICP-MS), The 27Al and 29Si Fourier transform magic
angle spinning nuclear magnetic resonance (FT-MAS
NMR), field emission scanning electron microscopy
(FESEM) and energy-dispersive X-ray spectroscopy
(EDS) attached to FESEM.

Glucose isomerization: It is known that glucose isom-
erisation in ethanol occurs via the formation of interme-
diate ethyl fructoside, which can be hydrolysed during
the second step to enhance fructose yield (Scheme 1),
as revealed in the previous study. The initial experimen-
tal results obtained from glucose to fructose isomeri-
sation with parent and modified H-Z are presented in
Table 1. The parent H-Z showed an inferior catalytic ac-
tivity owing to its small pore size (~5.5 A), not enabling
glucose molecules to get inside the pores to access the
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active sites (Table 1, entry 1) and/or lacking in active
species to catalyse the reaction, indicating the require-
ment of modification of H-Z for improving the activity.
Accordingly, H-Z was modified chemically using the
desilication and dealumination approach, enhancing
mesoporosity and facilitating active metal incorpo-
ration. 4 wt% Sn incorporated on desilicated (Sn4Z-
S180A0) and dealuminated (Sn4ZSOA15) exhibited
poor catalytic activity, yielding less than 10.0% fructose
(Table 1, entry 3 and 4), demonstrating a lack of gener-
ating catalytically active species and the requirement
of subsequent desilication-dealumination followed by
Lewis-acidic metal, such as Sn, incorporation. Expect-
edly, Sn4ZS180A15 gave a high yield of fructose (44.2%)
(80.2% selectivity) with a glucose conversion of 55.1%
(Table 1, entry 6). Varying the desilication and dealu-
mination time before the incorporation of Sn has also
been optimised to understand their influence on the
catalytic activity, and it was found that Sn4ZS180A15
exhibited superior catalytic activity in terms of fructose
yield. To corroborate the role of Sn incorporated into
the framework on the catalytic activity towards isomer-
isation of glucose to fructose, 4 wt% (SnO2)4ZS180A15
was examined under similar reaction conditions and
found that a negligible yield of fructose (<1.0%) was
obtained, demonstrating the catalytic role of Sn in the
framework.

As the desilication process favours the formation
of mesopores, facilitating facile transportation of bulky
cyclic sugar molecules, the influence of desilication
time was evaluated from 30 to 180 min and found
that Sn4ZS30A15 (30 min of desilication) gave a lower
yield of fructose (17.4%) with 29.7% glucose conversion.
As the desilication time increased while keeping the
dealumination time constant (15 min), the fructose
yield increased from 17.4 to 44.2%, with an increase
in glucose conversion from 29.7 to 55.1%. Further, the
optimisation of dealumination time was also studied
between 15 and 180 min before incorporating Sn. As
the dealumination time increased while keeping the
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Figure 2. XRD pattern of the parent and modified H-Z zeolites
(a), a zoomed-in image of 2° between 22 and 26 (b).
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qferenT 1. T 3R e H-Z Mefirzeg & whifeer-Tamies o

SBET Vtotal Vm.icro Vmeso[a] sm.icro Acidic
Catalyst sites
Y (m’g-") (em’g-") (em’g-") (em’g-") (m’g-") .
ratio™®
H-Z 395 0.3054 0.131 0.1744 310 0.748
ZS130A15 506 0.7352 0.118 0.6172 276 1.640
SnyZS30A 15 451 0.6920 0.107 0.5850 253 3.903

[a] TR Fca (VAEY) = VAT - VATSY, *hsiR-Hea ¥ oered STeeiia e, NH3-TPD § 7o o1 17 (S foh dtfore S2 &

e )

I FTeT S & | SdHT 3eaga H &) 97 val o ded THHuE (<1.0%)
3R 5-guife e (STHTH) (<1.0%) Si¥ 3T-3ITE! &
T3 1 Teh ATUG HTAT ST TS | Sn4ZS180A15 & I UTHY H Teehist
THTFASIRIOT S THA, 1 5 F 125 °C T F10F Faelsl U (<1%)
H g |

I AU qui: Sn FmA & arg Sfferkye 3R SgfreE &
G T UREH] ol GHET 3 folg Tt aht wer - fethareiie
(XRD) Tor%Iwo1 35 37efie Temam T o, ST ISk TMites 5§ T ol
TerdT | g1 H-Z & TaTE! uioey 3 shAwn: (101), (020), (501),
(151) 37 (303) femmi =t T gT 7.8, 8.7, 23.0 3 23.7 3T 23.8
& 2 a1 R fgada ufoey wafia fomani (sl 1)1 v =ifea &
el & SMER W SYTIehe 3R SgfeE & 15 ZS180A15
foreeataar o U Aeuul JehdT ST T, $9eh STeTaT e it
1 IS 23.34 3T 23.96 % 2 ofVeT o 9T s & (g H-Z &
23.0 31 23.7) ! 24 folt TR SeTaT ST gemdT & | HERIRe st
T 3R 37 TR FE Uef Yeha ohl hROT ST € | ek 4 o %
Sn o THTAN & aTE, Sn4ZS180A15 7 ZS180A15 Siafiemse &hl qorn o
23.34 310 23.96 ¥ 23.26 3 23.86 Teh 1=l hI0T 1 R = Fgelra
T, fSraeh afomeey gfe I o famam gar, S qwfar & genfea
H~Z % %maeh 3 Sn o THTART 1 STIIeT WHTOT, S 6TehlsT ahl ke st
FHTTTE 0T Uit H SSIfd sdT € | U =Y, Sn i ShHaeh 5 wITitel
T, T et a1 XRD Tgar 911 @ i 3 SR Sn02 & 319&Y
ahi$ fore 1k S ra (Fermn 1) 1 Farforer Srafirmier ofik Sifrfereher woa
% g1 Genfea H-Z fSiafielised o a1iiiet 4 a5t % Sn 3 XRD Ye 3
Sifafoere-Seafime siit Sn e (e 7€t mam) o ot et
U1 T 3T Teh THT TG T Heoha 13T |

Tt ST G H-Z 3 sifereh Tramf-ieh it oht dtforen 2 § geifua
ToRaT 2T 1 Sn4ZS180A15 3 HTESRITR T T2 HYITIR & w0 3 shreor
et H-Z (dTfoieht 2) 3 gof1 & BET g &1 3f et fag A & 1.14
311 2.27 TAT e WG RT 1 | ST TR o6 G 815, GATERIEeRoT
TifcifeRa 3 ST ST TIsh1a ToTehIST 3R Thare et STUaTt o ST Uiden
FIFSTEATIATE | SN4ZS180A15 (VATEShI=0.107 cm3g-1) ShI HTEShITIT
AT e H-Z (VATES=0.131 cm3g-1) 31 Jol1 5 3 28 o (18.0%)
% B 9T 81 01 H-Z o N2 O ssiterd 3 ger fssges amfat &

3TTEY T e wehR fG@mar| Sn4ZS180A15 3 3= WTdet o W
2739 1 3R 2739 [V SS1eH o1 e - 31Ticd U iid ohaT, ST 3G g a1 uie!
1 Gahd a1 8, 29 Yok HEIGR s 7731 0.174 cm3g-1 (H-Z) ¥ 0.585
cmM3g-11eh ¢ ST § | 2789 1 3R 2189 [V SsiieH o1 9o ¥8-31fedcd
TR Haw &7 371 g 7 & uiad fafs Sigfmem o Sifaforem
T (T @ ) & wry genfa H-Z Neierged w s s
Sn & forg oY @ T o1 5ues arerra, Geifid H-Z [Siefiesed &
e @ @ 3-4 nm o, g8 SR, 7er H-Z & a1 figg amen
Tereror =2t o (Feaman =7t 7mam) |

FAET-aTaH SRR fereitgor (NH3- TPD) fasiwor st
TTEE! ohY ATehd o T & SITehT U&T 3htdT &, 3T e 3R genfed H-Z
I i ITFAT el ohT G dTferert 2 7 fG@mé 7 1 et H-Z 9 433
3 TaTfreha ™ TR Shigd Teh dgd saTgeh ferer i@ § 1 (327 pmol g-1)
(e 81 7raT) , SIS 3Tt 12 WTEel oh Uidl Uedieh Uhearens Al o ThTer
0T TSI TEAT & FTad 311 WIgE! ol Heohel AT & | H-Z 3 S imme
% ATe S Telehy o aTe, ZS180A15 7 317l 3 &R IR gRT I
BTSSRI GHE! o W@ AN o HRVT S wrgel (Tatfeerad =
380 °C) o1 ¥ dTehd b WY 3TAT WSl (66 1mol g-1) H AT 3@ |
ferereren o T & fob Sn Rl It s & 18, Sn4ZS180A15 FHHSIR-
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Table 2. Physicochemical properties of the parent and modified H-Z zeolites

SBET Vtotal Vm.lcro Vmeso[a] Smicro Acidic
Catalyst sites
Y (m’g-") (cm’g-Y) (cm’g-") (cm’g-") (m’g-") .
ratio™®
H-Z 395 0.3054 0.131 0.1744 310 0.748
ZS130A15 506 0.7352 0.118 0.6172 276 1.640
SnuZSis30A15 451 0.6920 0.107 0.5850 253 3.903

EIMesopore volume (Vmeso) = Viee = Vinic *Weak-medium to strong acidic sites, calculated from NH.-

TPD (as provided in Table S2).

desilication time constant (180 min), the yield of fruc-
tose steadily decreased from 44.2 to 33.0%, indicating
that the removal of more Al from the framework (loss
of more Bronsted acidic sites) might have reduced the
formation of ethyl fructosides followed by hydrolysis to
enhance the yield of fructose. An insignificant amount
of the formation of byproducts like HMF (<1.0%) and
5-ethoxymethylfurfural (EMF) (<1.0%) was observed un-
der the given conditions in the present study. When
performing glucose isomerisation in water with Sn4Z-
S180A15, a negligible fructose yield (<1%) was obtained
at125°Cin 1h.

Catalyst Characterisation: The samples were subject-
ed to an X-ray diffractometer (XRD) analysis to under-
stand the structural changes after desilication and
dealumination followed by Sn incorporation, which
might contribute to the catalytic activity. The XRD pat-
tern of parent H-Z exhibited the diffraction pattern at
20 0of 7.8, 8.7, 23.0 and 23.7 and 23.8, ascribing to (101),
(020), (501), (151) and (303) planes, respectively. (Fig-
ure 1). A significant loss in the crystallinity of ZS180A15
after desilication and dealumination based on the in-
tensity of the major peaks was observed in addition to
the broadness of major peaks appeared around 2° of
23.34 and 23.96 (23.0 and 23.7 in parent H-Z) could be
attributed to enhancing mesoporosity and thus caus-
ing unit cell contraction. But after the incorporation
of 4wt% Sn, the Sn4ZS180A15 showed peak shifts to-
wards a lower angle from 23.34 and 23.96 to 23.26 and
23.86 compared with the ZST80A15 zeolite, resulting in
expansion of unit cell, indicating the indirect evidence
of Sn incorporation into the framework of modified
H-Z, which catalyse glucose to fructose isomerisation
reaction. At the same time, no peaks corresponding to
SnO2 were observed (Figure 1) due to the incorpora-
tion of Sn into the framework, uniform dispersion or
below the XRD detection limit. The XRD patterns of
4 wt% Sn incorporated on modified H-Z zeolites with
various dealumination and desilication times indicated
a similar shift towards a lower angle due to desilica-
tion-dealumination and Sn incorporation (not shown).

The physicochemical properties of the parent and
modified H-Z are summarised in Table 2. Sn4ZS180A15
exhibited a 1.14 and 2.27 times increase in BET surface

area and total pore volume compared to the pristine
H-Z (Table 2) due to the creation of mesopores inter-
connected with the micropore region during alkaline
treatment, favouring facile transportation of bulky cy-
clic glucose and fructose molecules during isomerisa-
tion reaction. The micropore volume of Sn4ZS180A15
(V...,.=0.107 cm?® g) decreased to some extent (18.0%)
compared to pristine H-Z (Vmicro=0.131 cm3 g-1). The
N2 sorption isotherm of parent H-Z showed a typical
type | corresponding to microporous materials. Sn4Z-
S180A15 displayed a coexistence of Type 1 and Type IV
isotherm at high relative pressure, indicating the gen-
eration of mesopores, thus increasing mesopore vol-
ume from 0.174 cm3 g (H-Z) to 0.585 cm?3 g'. Similar
coexistence of Type 1 and Type IV isotherm and chang-
es in surface area and pore volume were also observed
for other Sn incorporated on modified H-Z zeolites
with various dealumination and desilication times (not
shown). Moreover, the pore diameter of the modified
H-Z zeolites was around 3-4 nm; on the other hand,
the parent H-Z had no such pore size distribution (not
shown).

Ammonia-temperature programmed desorption

——SnZS50As5
——(8n0,),ZS50Ass

Absorbance (arb.units)

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 3. DRS UV-Vis spectra of modified H-Z zeolites.




TeH o 3TTEY 300 °C o T3TTIeheH oh 1o hH ATHHT ahi 3T T
TN T, ST TS SRS ST WTel ohl g9 Sn WTgel o A1y ufeiia
Teh G T Hehd AT § 51T HIICTdT ¥ TelehlST GHTATEThT i S
R gehd &1 NH3-TPD ®u@ 3R 3= giferd H-Z fSatieizeq
a1t g faferm Sifdforsem ofit S ga & a1y sl grgef
% geltd fe@d € | 3t greet 1 g | ufiad— H-Z 3 g &
e Siftferher i Siqfimem & mor Si 3fiT Al srgaTd # 3R &
10T o, ST foh STEd-wHeg (ICP-MS) farséeror gy ufd <hr o7 oft
S-S Si/Al STTUTT HH 3T, et 3l W12 iy g8 Ty,
FHSTR-HEIH Y TSI T YIS o1 STTUTd A B 1T, e ST ISt
o G & Iep Tidtaly & g1y ] aie U WeEs i, 44.2 W Tt
17.4% BV AT | 38 T, ISR o To1q 3T Teh GH Wil o@! 71 8, it
TFAEIST Shl 3o 3UST WTH St o fole, shsii-HeaH 3fX ATad ST
[T & a1 Ie SITUTA ohl SATSvehel 2hl WG HId el § |

Shareh B Sn WS o stfEae i feffa e & fo, am ik
Y9NTera H-Z 38k ol qreiHI-gvaa faafa weda deziehid)
(DRS-UV-Vis) & @rer fafaa femam mam el (Sn02)4ZS180A15 3
ZS180A15 (fr31 2) %1 T W forega SnO2 % HROT 200 37X 300 nm
% ST Tk Sgd SATIe R WG foRaT, ST Ioqehis GHTagateivT 3
fore ffera %1 gl 3R, Sn4ZS180A15 7 Tk saTeh ferer 3 e €1
FRYIU RN, 200-220 Nm % IFTEYTH Teh TR shl U o fewm,
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ST ISR Tty H AT i §U, Ak  Sn ! AT o
AT T § 1 TS IgFhashd THag ¥ 02- § Sng+ u1g & foffe- ¥
- 9Tg =TSt T (LMCT) 3 ror @1 39 faudid, (Sn02)4Z-
S180A15 & A H 240-350 Sn W f@TE 24 arefl =@el, Sn-0-Sn &
7S] TTIAR0T 3 hROT TSR Sn WSt (Sn02) 3 T3 ot E7Td ahtat
? o i 3= sraviioer PR gl € | 59 ave, fafee Sn eifen & @y
=g GaRr H-Z o fore ueh 9o sremitaor Yot an man @ (e
€T 7 ®) | ek Sn4ZS180A15 T 31 T H-Z fSisficmeeg
T H IoaH Ioeh Niatafy e, zaferg sde wde w Hisg aat
o MR aTATaRoT shl GHEH o fol 38 XPS o 37efi fopam ma, st
Tferfarter & o T W ATE AT | Sn4ZS180A15 1 XPS Werel ot
3 o fe@m man 21 foreres & ae Si 2p 1 SEA Feft 3 Si 3 weRHoT
& ToTu 19 f¥rer weivia fory, T, 98.4 (ermferer), 101.5 (Si 2p3/2 -
FTITES) 3 103.5 eV( Siap1/2 - 3TeRITEs) | O1s WereH A 533 eV
W T v R wefvid o, fSaes forg O =it Shmah § Si-0-Si
0 H Si 3 T WIS AT TAT| $WH AT, 534.5 3K 531 eV W E
I e 1 gae eTegiiode 9ae! 3 Si-0-M (M: HTg) st giuT SiT
ehd1 8| SN4ZS180A15 3 Sn shl IhHeeh H T shie o ShIUT SHATT:
495.8 eV 3T 487.4 eV ! died Il W Sn3d3/2 3R Sn3ds/2 &
STTEY Uk gaet wa v foha (o 3) | fardes 3 g, Sn4ZS180A15 %
Sn3ds/2 WergH  AFHRIT IHTH Sn WIS (79%), TEHEADHT Sn
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(NH3-TPD) analysis provides information about the
strength of acidic sites, and the number of acidic sites
of parent and modifed H-Z catalysts are shown in Ta-
ble 2. Parent H-Z showed a very broad peak centred at
Tmax of 433 °C (327 pmol g-1) (not shown), indicating
a large number of strong acid sites due to the contribu-
tion of each framework Al towards Bronsted acid sites.
After desilication followed by dealumination of H-Z,
ZS180A15 showed decreased acid sites (66 umol g-1)
with a reduced strength of acidic sites (Tmax = 380 °C)
due to the predominant contribution by the hydrox-
yl groups generated by the acid and base treatment.
Interestingly, after incorporating Sn, SNn4ZS180A15 fur-
ther shifted towards lower temperature with a Tmax
of 300 °C corresponding to weak-medium, indicating
suppression of strong Bronsted acid sites by replac-
ing them with Lewis Sn sites which could efficiently
catalyse glucose isomerisation. The NH3-TPD profiles
and acidic sites of other modified H-Z zeolites with
varied desilication and dealumination times showed a
change in the acidic sites. The change in the number
of acidic sites was due to the differences in the Si-to-Al
ratio because of desilication and dealumination during
the modification of H-Z, as confirmed by ICP-MS anal-
ysis. As the Si/Al ratio decreased, the total acidic sites
increased; at the same time, the ratio of weak-medium
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to strong acid sites descended, correlating well with
the catalytic activity in terms of fructose yield, decreas-
ing from 442 to 17.4%. Likewise, a similar trend has
been observed for the catalysts, demonstrating the re-
quirement of a high ratio between weak-medium and
strong acidic sites for achieving a high yield of fructose.
To determine the existence of the Sn species in the
framework, the parent and modified H-Z catalysts were
characterised with ultraviolet-visible diffused reflec-
tance spectroscopy (DRS-UV-Vis). (SNnO2)4ZS180A15
exhibited a very broad peak between 200 and 300 nm
due to bulk SNO2 on the surface of ZS180A15 (Figure
2), which is inactive for glucose isomerisation. On the
other hand, Sn4ZS180A15 showed the disappearance
of a broad peak and, at the same time, the appearance
of a peak around 200-220 nm, suggesting the incorpo-
ration of Sn into the framework, contributing to the cat-
alytic activity. This is due to the ligand-to-metal charge
transfer (LMCT) of O2- to the Sn4+ metal in the tetrahe-
dral coordination. Contrarily, the peak that appeared at
240-350 nm in the case of (SN02)4ZS180A15 indicates
the formation of the inactive Sn species (SnO2) due to
the charge transfer of Sn-O-Sn and has a higher ab-
sorption peak. Likewise, a similar absorbance pattern
for other modified H-Z with various Sn loading is ob-
served (not shown).
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Figure 4. XPS spectra of Sn,ZS
Sn3d5/2.
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Figure 5. 2°Si NMR (a) and ?’Al NMR spectra (b) of Sn4ZS180A15.

As Sn4ZS180A15 showed the highest catalytic ac-
tivity than other modified H-Z zeolites, it was subject-
ed to XPS to understand the chemical environment of
elements present on the catalyst surface, which large-
ly contribute to the activity. The XPS spectra of Sn4Z-
S180A15 are shown in Figure 3. The binding energy
of the Si 2p after deconvolution exhibited three peaks
ascribing to the transitions of Si, i.e, 98.4 (metallic),
101.5 (Si 2p3/2 - oxide) and 103.5 eV(Si2p1/2 - oxide).
O1s spectrum displayed a predominant peak at 533
eV, attributing O shared with Si as Si-O-Si in the frame-
work. Moreover, two minor peaks at 534.5 and 531 eV
can be assigned to the surface hydroxyl groups and
Si-O-M (M: metal). Sn4ZS180A15 displayed a doublet
corresponding to Sn3d3/2 and Sn3d5/2 at a binding
energy of 495.8 eV and 487.4 eV, respectively, due to
the incorporation of Sn into the framework (Figure 3).
After deconvolution, the Sn3d5/2 spectrum of Sn4Z-
S180A15 exhibited three peaks corresponding to tet-
rahedral framework Sn sites (79%), octahedral Sn (extra
framework; 16%), and metallic Sn (5%), inferring the Sn
located mainly in the framework, thus playing a pivot-
al role in catalysing glucose isomerisation. Further, the
formation of mettalic Sn could be due to the reduction
of Sn species by the unidentifiable reductant(s) during
calcination. Further, the existence of various Sn species
can be substantiated by Sn NMR, which could be stud-
ied in the future.

2°Si and ?’Al magic angle spinning nuclear mag-
netic resonance (29Si and 27AL MAS NMR) spectra of
Sn4ZS180A15 are shown in Figure 4. The deconvolut-
ed spectrum of 29Si NMR exhibited three peaks corre-
sponding to Si(4Si,0Al) sites with a significant intensity
(~ -109 ppm), Si(3Si, TAl) (-103 ppm) and Si(2Si, 2Al)
(shoulder peak at ~-100 ppm), indicating removal of
Si from the framework, resulting in the formation of
Si(3Si,TAl) and Si(2Si,2Al) sites. Likewise, the Al MAS
NMR spectrum of Sn4ZS180A15 indicates the pres-
ence of peaks assigned to tetrahedrally coordinated Al

with a large intensity (~58 ppm) and extra framework
Al sites (~2 ppm), confirming the existence of tetrahe-
dral Al sites (TAL) sites even after desilication-dealumi-
nation followed by Sn incorporation, which significant-
ly contributes (Bronsted acid sites) to the second step
of glucose isomerisation, that is, hydrolysis of fructo-
side formed during the first step. The field emission
scanning electron microscopy (FESEM) images of the
H-Z and Sn4ZS180A15 display the agglomeration of
the small pseudo-spherical particle (not shown). The
desilication process largely perturbed the surface mor-
phology, generating mesopore near the external sur-
face of zeolite, displaying uneven and rough external
surface. The formed mesopores facilitate bulky molec-
ular transportation during glucose isomerisation. The
FESEM with energy-dispersive X-ray spectroscopy of
Sn4ZS180A15 demonstrated the uniform distribution
of the Sn (not shown).

Salient Achievements

¢ The modification of H-Z zeolite with controlled desili-
cation and dealumination followed by Sn incorporation
paves the way for augmenting its mesopore size, meso-
pore volume and surface area, thereby facilitating bulky
cyclic glucose isomerisation by accessing active Sn-sites,
thus increasing its (Sn,ZS,, A, ) catalytic activity in terms

of fructose yield and selectivity.

¢ SnZS A, possesses a high weak-medium to strong
acidic site ratio, which is pivotal in enhancing fructose
yield. On the contrary, the parent H-Z, Sn incorporated
on desilicated (Sn,ZS,, A ) and dealuminated (Sn,ZS A,.)

catalysts show several-fold lower catalytic activities in

terms of fructose yield and selectivity, suggesting the sig-

nificance of desilication-dealumination process followed

by Sn incorporation.
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such as growing global energy demands, deplet-
ing non-renewable fossil fuels, increasing green-
house gas emissions, and rising fuel prices, urge the
immediate development and use of sustainable and
renewable energy fuels. In recent years, intensive re-
search has been undertaken to produce direct liquid

The energy crisis and environmental constraints,
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fuels (such as ethanol) and their precursor molecules
(such as furan derivatives) using renewable and abun-
dantly available biomass resources. Among them,
furan compounds can be readily obtained from lig-
nocellulosic biomass through single-step chemical
conversion, specifically 5-hydroxymethylfurfural (HMF).
It has been established as versatile in the preparation
of potential fuel additive compounds, such as 2-meth-
ylfuran, 2,5-dimethylfuran, etc., owing to its cyclic alde-
hyde structural characteristics with both aldehyde and
alcohol reactive functional groups. Typically, glucose
or fructose is used for its production, but most studies
have focused on glucose utilization because it compris-
es up to 40% of the lignocellulosic biomass by weight.
In this regard, to date, a variety of homogeneous and
heterogeneous catalytic setups have been developed
and reported to yield 75-80% HMF with >80% selec-
tivity. Comparatively, heterogeneous catalytic systems
have gained more interest due to the recyclability op-
tion, which can significantly reduce the operating cost
from a commercial perspective. Moreover, solid mate-
rials can enable the fine-tuning of catalytic activities
and provide active sites on a wide platform, thereby
facilitating selective glucose conversion. Many studies
have utilized metal oxides for HMF production due to
their abundance and lower cost. However, when using
glucose, it typically follows a sequential transformation,
i.e, glucose is first isomerized to fructose, followed by
dehydration to HMF. Moreover, these conversions oper-
ate under different conditions, i.e., Lewis acid condition
facilitates glucose isomerization, whereas Brgnsted
acid conditions favor fructose dehydration. Thus, the
studies insist on the provision of a varied strength acid-
ic sites by a single catalyst for effective glucose conver-
sion.

Design and development of a mesoporous Tazos/
Nb,O. nanocomposite to enable a stepwise glucose
conversion to 5-hydroxymethylfurfural for future

Graphical Abstract
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Figure 1. (a) Catalyst's effectiveness on glucose decomposition to HMF in an aqueous-organic solvent medium (1:4
vol. ratio W/DMSO) at 170 °C and 25% wt. catalyst load after 3 h; (b) Time optimization of glucose decomposition
to HMF in 1:4 vol. ratio W/DMSO medium at 170 °C and 25% wt. catalyst load; (c) effect of catalyst load on glucose
at 170 °C up to 3 h; (d) effect of temperature on glucose decomposition to HMF in 1:4 vol. ratio W/DMSO medium
at 25% wt. catalyst load after 3 h. Y-yield and Conv-conversion. The error bar represents the standard error. The as-
terisk marks (* and **) denote the mean data significance and non-significance through ANOVA analysis at a=0.05.

energy: In this context, Morales et al. have developed a
mesoporous tantalum oxide (Ta,O,) catalyst, an amor-
phous solid, that can offer a high level of both Lewis
and Brgnsted acid sites of 353 umol NH3/g up on its
treatment with a non-ionic surfactant (Pluronic L-121).
However, it resulted in a moderate HMF yield of 23% us-
ing glucose through a 69% substrate conversion at 175
°C after 90 min. But it exhibited good stability during
recycling by controlling the Ta species leaching under
elevated conditions. Additionally, it demonstrated re-
gaining the maximum catalytic activities via a routine
calcination technique. In another study, niobium pent-
oxide (Nb,O,) was established as promising for convert-
ing both monosaccharides and polysaccharides into
HMPF, attributed to its strong acidic characteristics (i.e.,
HO < -5.6, which is nearly 70% the strength of H,SO,).
The hydrated form of Nb2O5 could achieve as high as
89% HMF formation using fructose and 54% using in-
ulin at 160 °C in a water-2-butanol biphasic medium.
This can be correlated with its active acidic function-
ality (i.e., 3-fold higher acidic sites than that of the hy-
drated Ta,O,) and surface area. However, these materi-
als could achieve only average productivity. It is mainly
caused by the ensuing side reactions under elevated
conditions, such as unwanted humin (an unstructured
molecule) formation and HMF rehydration to equal
amounts of levulinic acid (LA) and formic acid (FA). A
higher number of Lewis acid sites with fewer Brgnsted

sites are ineffective in the dehydration reaction, where-
as the reverse combination is harmful to the reaction.
Thus, a balanced presence of Lewis and Brgnsted acid-
ic sites can enable selective product synthesis through
a systematic approach. Therefore, we designed a com-
posite catalyst by blending Nb,O, with Ta,O, to provide
a balanced presence of Lewis and Brgnsted acid active
sites for converting glucose into HMF via fructose for-
mation. For the development of the solid catalyst, we
followed a template-free nonhydrolytic sol-gel method
by utilizing mixtures of n-butanol and tert-butanol as
a solvent, along with the NbCl, and TaCl, precursors. In
this method, n-butanol serves as a capping agent, fa-
cilitating the formation of metal alkoxides that under-
go minimal hydrolysis. Additionally, the growth rate of
particles can be regulated. Similarly, tert-butanol aids
in the formation of multiple metal hydroxide groups
through M-O-M bond formation by combining with
the available M-Cl species. However, elemental chlo-
rine is generated when primary alcohols engage with
MCIL5 for the first time; this allows primary alcohols to
undergo a partial reduction of M> cations to M* sub-
sequently. Upon release of the chlorine atom, any re-
maining unreacted alcohols are expected to undergo
oxidation under the prevailing conditions, potentially
leading to aldehydes and hydrochloric acid formation.
This approach allows for developing a mesoporous
mixed metal oxide material with improved pore vol-
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Figure 2. (a) Catalyst's effectiveness on fructose decomposition to HMF in an agueous-organic solvent medium (1:4 vol. ratio W/
DMSO) at 170 °C and 25% wt. catalyst load after 3 h; (b) Time optimization of fructose decomposition to HMF in 1:4 vol. ratio W/
DMSO medium at 170 °C and 25% wt. catalyst load; (c) effect of catalyst load on fructose at 170 °C up to 3 h; (d) effect of tempera-
ture on fructose decomposition to HMF in 1:4 vol. ratio W/DMSO medium at 25% wt. catalyst load after 3 h. Y-yield, S-selectivity
and Conv-conversion. N.D.-not detected. The error bar represents the standard error. The asterisk marks (* and **) denote the mean
data significance and non-significance through ANOVA analysis at 0=0.05.

ume and surface area properties, with tuned active
Lewis and Brgnsted acid sites. As a result, the catalyst
exhibits enhanced durability for multiple reuses. We
applied chemical reaction engineering principles to
gain insights into the kinetics and mechanism of the
two-step reactions. The calculated thermodynamic pa-
rameters have suggested the feasibility of the reactions
of glucose and fructose into HMF.

Catalytic activity of Ta205/Nb205 nanocomposite
on glucose conversion to HMF: Having the analytical
techniques confirmed the structural configuration of
the as-synthesized catalyst(s) that it can offer both the
crucial Lewis/Brgnsted active sites over the wide sur-
face area, which are favorable for the glucose dehydra-
tion to HMF. The catalyst screening process began with
pristine, calcined, and uncalcined metal oxides under
elevated conditions, specifically at 170 °C for up to 4
h in a water medium. The pristine Ta205 and Nb205
catalysts demonstrated the ability to synthesize HMF,
but only at a yield of 13-16%. Unfortunately, a signif-
icant amount of fructose remained unreacted in the
medium, ranging from 13-15%. This indicates that the
conditions were not conducive to enabling a stepwise
conversion. Ta205, which offers a high percentage of
Lewis acidic sites (47.3%), was effective in glucose isom-

erization, resulting in the production of 15% fructose.
On the other hand, Nb20O5, which provides a higher
percentage of Brgnsted sites (73.1%), promoted HMF
formation, resulting in 22% more HMF compared to
Ta205. However, an excess of Brgnsted acidic sites can
lead to multiple side reactions, resulting in a higher
glucose conversion rate of 50%. The results obtained
from the calcined catalysts showed that not only the
acidic sites affect productivity but also the surface
properties, specifically surface area and porosity. For
example, the calcined pristine metal oxides exhib-
ited a reduced surface area (up to 8-fold) and pore
diameter (3-4-fold), leading to a 37-43% reduction in
HMF formation with a proportional amount of resid-
ual fructose. When evaluating the effectiveness of the
composites, it was found that all of them improved
productivity, yielding 27.8% HMF and 52.6% selectivity,
but with an average residual fructose concentration of
13.9%. However, they exhibited varying catalytic activity
depending on their physico-chemical characteristics.
For example, the Ta/Nb-1.5 catalyst, represents a 1:1.5
wt. ratio of Nb205 to Ta205 and exhibits dominant
characteristics of Nb20O5, especially Brgnsted acidity
of 75.7%, has achieved 27.8% HMF and 45.5% selectiv-
ity, but at the expense of glucose conversion of 61.1%.
Similarly, the catalyst with the lowest ratio of Nb20O5
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resulted in poor HMF productivity with a yield of 20.2%
and 37.2% selectivity. According to the resutls, the op-
timum blending of Nb20O5 with Ta205 to achieve a
maximum yield of 27.8% HMF and 52.6% selectivity is
at a 1:2.5 wt. ratio. Furthermore, the results of Ta/Nb-
2.5-cal reinforced the speculation that surface charac-
teristics are crucial for the conversion process. It is evi-
dent that the conditions influenced HMF degradation,
which is possible in a water medium, resulting in up to
9.6% LA formation, regardless of the acidic strengths.

Catalyst's recycle efficiency: The recycling efficiency of
Ta/Nb-2.5 catalyst was evaluated under optimum con-
ditions using glucose/fructose. The results confirmed
its robustness by achieving a similar HMF productivity
up to 5 reuses, with a hardly 1-4% difference. While
verifying the structural characteristics of the recycled
catalyst after 6 runs (including the fresh run) via XRD
analysis, it can be seen retaining the original configu-
ration. However, a decreasing HMF selectivity is likely
caused by the effect of impurities deposited on cat-
alyst's surface. When comparing the results with the
literature employing metal oxide catalysts, the Ta205/
Nb205 composite achieved a nearly 22% to 3-fold
higher HMF productivity.
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Salient Achievements

*

The design and development of a solid acid catalyst that
offers both Lewis and Brgnsted acid sites for its applica-
tion in effectively converting glucose into HMF is demon-
strated.

The TaZOS/NbZO5 composite, comprising 25% Nb,O,, is
able to provide a balanced Lewis/Brgnsted acid site dis-
tribution, resulting in a stepwise conversion of glucose
isomerization to fructose and fructose dehydration to
HMF.

This results in a maximum HMF yield of 70.1% and a se-
lectivity of 77.1% under modest reaction conditions.
Thus, the metal oxide-based catalytic setup represents
an eco-friendly and sustainable method for bioenergy
development.
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non that has a significant impact on the produc-
tion of black carbon. It is commonly practiced in
various regions, such as India, and the USA, where the

S tubble burning is a widespread global phenome-
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biomass generated between crop cycles, comprising
cellulose, hemicellulose, and lignin, is often burned.
This practice not only leads to the loss of valuable aro-
matic chemicals (lignin) and a source of carbohydrates
(cellulose and hemicellulose), but it also presents envi-
ronmental challenges. Additionally, the lignin residue
produced by the paper and pulp industry, estimated
at around 70 million tons annually, is either released
into water bodies or utilized for energy production.
These activities contribute to environmental pollu-
tion, causing harm to ecosystems and posing risks to
human health and aquatic organisms. The abundant
availability of lignin as an aromatic resource presents a
promising opportunity to replace depleting fossil fuels
by producing platform chemicals. However, the com-
plex nature of lignin, characterized by its recalcitrant
and heterogeneous polymeric structure, inherent re-
sistance, challenges in fractionation, and the presence
of high-energy bonds, has hindered its extensive uti-
lization. Therefore, the depolymerization of lignin has
emerged as a sustainable approach to harness its po-
tential. Currently, researchers are exploring energy-in-
tensive methods and enzymatic processes to break
down lignin into smaller molecules. Photochemical
oxidation offers an elegant strategy that enables selec-
tive cleavage of lignin linkages under green and mild
reaction conditions. Lignin on the other hand has also
enormous potential to be utilized as a polymer per se,
or as a reducing agent and as an additive.

Starch, derived from the vegetable industry, stands
as another polymer sourced from biomass. The em-
ployment of starch-rich agricultural byproducts aids
in waste reduction and enhances the worth of ma-
terials that might otherwise be disposed of. The rise
of bioplastics based on starch is notable due to their
eco-friendly decomposition and lesser ecological foot-
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Figure 1. Mechanism of degradation of lignin model compound (B-O-4 analogue)
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print in contrast to traditional plastics. The importance
of starch within the biomass realm is substantial. Op-
erating as a complex carbohydrate, starch functions as
a pivotal reservoir of sustainable energy and a versatile
foundational component for a multitude of industri-
al uses. We have developed a self-adhesive hydrogel
made from starch for drug delivery applications with
capability in altering the release kinetics. This hydrogel
was also found to be stimuli responsive enabling wide
range of applications ranging from biomedical to tis-
sue engineering. Additionally, significant pathogen in-
hibition was achieved with lignin-based copper oxide
nanoparticles based films. Consequently, products and
platform chemicals derived from biomass play a signif-
icant role in advancing the circular economy, thereby
contributing to the enhancement of our global envi-
ronment.

Utilization of agri-biomass-based lignin/starch to
derive platform chemical and functional materials
for various applications

Activity 1- Sunlight Assisted Photocatalytic Valoriza-
tion of Lignin Using Recyclable Light Harvesters for
platform chemical generation: Lignin, an inherently
heterogeneous natural biopolymer, possesses remark-
able recalcitrance. Nonetheless, its immense potential
lies in being the sole aromatic compound available
on Earth’s surface that can substitute for fossil fuels.
Until now, the lignin has been depolymerized using
various expensive catalysts ranging from Iridium, Plat-
inum, and Palladium to name a few. Until now, the
breakdown of lignin has necessitated costly catalysts
in conjunction with the addition of specific amounts
of various additives, also known as sacrificial agents
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or oxidants. In the initial phases of our research, we
synthesized a range of model compounds based on
lignin, effectively emulating the diverse bonds found
within lignin’s structure, spanning from B-O-4 to a-O-4
and beyond. These compounds were then meticulous-
ly characterized utilizing techniques such as NMR and
mass spectrometry. Concurrently, we developed and
characterized a selection of substituted porphyrins,
encompassing both free base and metalloporphyrins.
These porphyrins were subjected to comprehensive
assessments of their photophysical properties, includ-
ing quantum efficiency, as integral components of the
photocatalysts. Subsequent investigations delved into
the influence of various reaction parameters, such as
solvent type, reaction duration, and light exposure.
These studies were conducted using a range of charac-
terization techniques, notably 2D NMR spectroscopy,
Gel Permeation Chromatography, and EPR spectrosco-
py. Having gained a comprehensive grasp of the reac-
tion dynamics, we established optimal reaction condi-
tions for a composite system containing a model lignin
compound, metalloporphyrin (ZNnTPyP), and metha-
nol. Intriguingly, this reaction exhibited accelerated
progress under sunlight, completing within 10 hours,
whereas under UV light, it extended beyond 24 hours.
We extensively analyzed the kinetics of these reactions,
ultimately yielding insights that led to the formulation
of a plausible mechanism for direct lignin degradation
(Figure 1).

Moreover, our photocatalyst was effectively em-
ployed for the depolymerization of fractionated lignin
showcasing remarkable efficiency in terms of recover-
ability and recyclability. This innovative process, termed
solar-assisted direct photocatalytic depolymerization
of lignin, fueled by light harvesting agents, stands as
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Figure 2. Illustration of a solar photocatalytic conversion of lignin model compound to small molecules in the

presence of metalloporphyrin.
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Figure 3. Visual representation of starch hydrogel for drug de-
livery applications.

a sophisticated and sustainable strategy, seamlessly
integrating the removal of agricultural waste with the
generation of valuable platform chemicals (Figure 2).

Activity 2: In-situ nanoarchitectonics of starch-load-
ed MOF hydrogels: a self-adhesive and pH-respon-
sive smart platform for phototherapeutic delivery:
The major drawbacks associated with the synthesis of
nano MOFs are related to a lack of control over par-
ticle size and inhomogeneous dispersion during dop-
ing. Therefore, a smart strategy for the in-situ growth
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of nano metal-organic framework (nMOF) was devised
to incorporate it into a biocompatible polyacrylamide/
Starch hydrogel (PSH) composite for therapeutic appli-
cations. In this study, the post-treatment of zinc metal
ion cross-linked PSH with ligand solution generated
the nZIF-8@PAM/Starch hydrogel composites (ZPSH)
(nZIF-8, nano zeolitic imidazolate framework-8). The
ZIF-8 nanocrystals thus formed were found to be even-
ly dispersed throughout the composites. This newly de-
signed nanoarchitectonics of MOF hydrogel was found
to be self-adhesive, which also exhibited improved me-
chanical strength, viscoelastic nature, and pH-respon-
sive behaviour (Figure 3). Taking advantage of these
properties, it was further utilized as a sustained-release
drug delivery platform for a potential photosensitizer
drug (Rose Bengal). Rose Bengal is a Food and Drug
Administration (FDA) approved and orphan drug ma-
jorly used for imaging purposes. This molecule is hy-
drophilic in nature, where the metabolism and the re-
lease cannot be controlled. To overcome this problem,
the drug was initially diffused into the in-situ hydrogel
composite, potentially controlling the sorption and de-
sorption kinetics.

The photophysical characterization of the RB-load-
ed hydrogel (RBZPSH) composite showed the unal-
tered SOQY value of 0.89 after irradiation with green
LED light (12 W), conferring its potential ROS genera-
tion ability even after loading. Then the entire scaffold
was analyzed for its potential in photodynamic therapy
against bacterial strains such as E. coli and B. megate-
rium. The IC50 value of RB-loaded hydrogel against E.
coli and B. megaterium strains was found to be 7.37
pg/mL and 0.51 pg/mL on light exposure with 4 and 1.5
times better efficacy respectively than dark. Further, re-

Functionalized pH-responsive Hydrogel for
Photodynamic Therapy in Wound Healing

Self-adhesive In-situ nMOF
PAM/Starch Hydrogel

Rose Bengal Loaded
Functionalized Hydrogel

Dead microbe

Live microbe

Figure 4. In-situ nanoarchitectonics of MOF based pH responsive starch based hydrogel for antimicrobial photo-

dynamic therapy.
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Figure 5. Schematic representation of development of PVA-
PEG-PNSL-L@CUONPs nanofilms.

active oxygen species (ROS) directed antimicrobial po-
tential was validated using a fluorescence-based assay.
This smart in-situ nanoarchitectonics hydrogel plat-
form can also serve as a potential biomaterial for top-
ical treatment including wound healing, lesions, and
melanoma besides controlled-release drug delivery
system, and tissue engineering applications (Figure 4).

Activity 3: Lignin derived copper oxide hanocompos-
ite doped films for pathogen inhibition: Lignin has
drawn an attention as an ample renewable bioresource
for use in nanomaterials as drug delivery vehicles and
in material technologies such as binders, biofuels and
composites, etc. Burning of wheat or rice straw and
other agro-biomass is a common practice among
farmers which leads to severe environmental pollu-
tion and causing human health hazards. In this study,
the lignin was extracted from wheat straw using the
soda method with 18-20% and characterized by FTIR,
TGA, SEM and UV spectroscopy, etc. Bio-based and
biodegradable are ideal for sustainable polymer pack-
aging. Agri-biomass-derived purified nano soda lignin
(PNSL) was loaded into the PVA-PEG film to enhance
the mechanical strength of the hydrophilic nanofilm.
For the first time, green synthesized copper oxide
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nanoparticles (L@CUONPs) using lignin, were embed-
ded in PVA-PEG-L@CUONPs nanofilm to improve the
antimicrobial activity of film, with antioxidant features.
The physicochemical analysis demonstrated, produc-
tion of LQCUONPs with size of approximately ~20 nm
and confirmed the presence of lignin on their surface.
Additionally, the synthesis procedure of the films is
eco-friendly, less energy demanding, sustainable and
cost effective technique. Prepared films were charac-
terized by mechanical and thermal analysis using UTM
and TGA, respectively. The surface morphology of pre-
pared nanofilms has been studied using SEM, and field
emission SEM (FE-SEM). Antimicrobial studies were
performed using PVA-PEG-PNSL-L@CUONPs nano-
film as well as PVA-PEG-L@CuUONPs, PVA-PEG-PNSL
and PVA-PEG films against microbial strains such as
Escherichia coli, and Bacillus megaterium (Figure 5).
This smart nanofilm system can also serve as poten-
tial biomaterials for wound healing, anticancer, antiox-
idant, Implants and Biomedical coatings material, food
packaging, biodegradable carry bags and sachets etc.
In summary, we have isolated and purified the soda
lignin from wheat straw using soda method with min-
imal use of harsh chemicals. For the first time, we
have developed biodegradable and eco-friendly lignin
nanocomposite film. We have prepared lignin derived
copper oxide nanoparticles LQ@CUONPs using stirring
method. We successfully doped PNSL and L@CuUONPs
nanocomposites into the PVA-PEG film using casting
method. LOCUONPs helps to improve the antibacterial
activity of nanocomposite film, whereas, lignin helps
to improve the mechanical strength of nanocomposite
film. We have developed hydrophobic nanocomposite
film using kraft lignin. We have successfully developed
prototypes for the carry bags and sachets using the
nanocomposite films. The nanocomposite film show-
ing antimicrobial activity. The film could be used to
prepare transdermal patches, wound healing materi-
als, carry bags, sachets, food packaging and as coating
materials.

Salient Achievements

¢ An additive free solar photocatalytic method was devel-
oped and successfully deployed in the degradation of
lignin polymer.

¢ Starch/polyacrylamide based in situ-nanomof hydrogels
for drug delivery and photodynamic applications were
prepared.

¢ Lignin derived biocompatible copper oxide nanocom-
posite doped films were synthesized, characterized and
directly utilized in pathogen inhibition and coating ap-
plications.
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riched citronella (Cymbopogon winterianus)

oil for use as an insect repellent: Mosquitoes are
vectors for several infectious diseases, such as dengue,
yellow fever, chikungunya, malaria, etc. They are known
to transmit numerous arboviruses (arthropod-borne
viruses), for example, the west nile virus, saint louis
encephalitis virus, eastern equine encephalomyelitis
virus etc. Globally, more than one million people die
yearly from parasitic, bacterial, or viral infections trans-
mitted through mosquito bites. Also, the emergence
of widespread insecticide resistance and the potential
environmental issues associated with synthetic insecti-
cides has indicated the need for different approaches
to control mosquito-borne diseases. Generally, N, N-di-
ethyl-methyl benzamide (DEET) is an active ingredient
in mosquito repellents. Despite its efficacy in providing
long-lasting (5-6 hours) protection fromm mosquitoes,
it may produce neurotoxic effects in humans, e.g., in-
somnia, mood disturbance, impaired cognitive func-
tion, etc. Hence, the scientific community has turned
itself to the development of repellent formulations
from biological compounds compatible with humans
and provided effective results against insects. The sig-
nificant drawbacks faced in such biological composi-
tions are in the fields of effectiveness and retention.
Biological repellent formulations find retention a sig-
nificant barrier to cross due to the volatility of its active
constituents. Therefore, developing an environmentally
benign, biodegradable, and bio insect-repellent lent
ingredient for personal protection is an unmet need

production of p-menthane-3,8-diol (PMD) en-
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in the art. Accordingly, the present disclosure utilises
low-value citronella foliage essential oil for production
of a potential product ‘PMD enriched citronella oil’. The
process disclosed herein employs a selective in situ
conversion of citronellal constituent to PMD without
substantially changing the functionality of other vola-
tiles present in the oil. No earlier effort has been made
using citronella foliage essential oil as a substrate. The
method provides a process for improvement in mos-
quito repellent properties of low-value citronella es-
sential oil to get a preparation enriched with PMD. The
obtained PMD-enriched citronella oil predominantly
comprises the cis-isomer (~86%) of PMD through an
in situ chemical transformative step using a mild or-
ganic acid media, whereby the resulting oil prepara-
tion demonstrates slow evaporation for a long-lasting
repellent action.

One pot in situ synthesis of PMD in citronella essen-
tial oil: An oven dry 50 mL round bottom flask was
charged with an oil phase comprising 2 g citronella
essential oil (5mmol) and an aqueous phase compris-
ing 10 mL citric acid solution (3 wt.%) with oil phase to
the aqueous phase in the ratio 1:5 (v/v). The reaction
mixture was heated at 60 °C under stirring conditions
for 15 h. After time elapsed, the reaction mixture was
guenched by the application of cold water followed by
extraction. The organic phase was separated and dried
over anhydrous Na2SO4. Concentrating the organic
phase under reduced pressure furnished ~90 % yield of
PMD-enriched light-yellow oil (1.9 g).

Detection of PMD stereoisomers in the value added
oil: Qualitative determination of volatiles in the result-
ing PMD-enriched oil was determined by GC-MS analy-
sis using a column HP-5MS (0.25 x 30m), film thickness,
1.0 um. Helium at a 1.0 mL/min flow rate was used as
a carrier gas. Samples were injected with 1 pyL and split
ratio 1:20 inlet temperature at 250 °C with mass spec-
tra obtained under the condition of mass range from
50 to 400 amu with electron impact ionisation energy
at 70 eV, source temperature of 280 °C. GC analysis to
determine the optical purity PMD in resulting PMD-en-
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Figure 1. GC-MS chromatogram of PMD enriched citronella
oil.
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ATferaRT 1. 397 RAgiet det 3R Tremet guyger det Shi 1R G ohl gett

Component Native oil PMD oil
d-limonene 2.59 -
linalool 0.94 1.55
citronellal 42.14 1.84
citronellol 12.29 13.36
geraniol 16.71 18.01
cis-PMD - 27.05
trans-PMD - 14.83
citronellyl formate 1.97 2.38
geranyl acetate 3.59 3.98
caryophyllene 2.83 2.18
Cyclo-caryophyllene 1.05 0.97
iso-caryophyllene 6.94 5.70
cis-bisabolene 2.99 2.30
caryophyllene alcohol 1.35 1.69
neo-clovene 2.83 1.94
Total ~98.22 ~97.78
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Figure 2. GC-MS chromatogram of PMD enriched citronella
oil.

riched oil was performed using condition as stated: A
capillary chiral column Rt-bDEXsa (0.25x30m), film
thickness 0.25um, stationary phase (2,3-di-acetoxy-
6-O-tert-butyl dimethyl silyl B-cyclodextrin added into
14% cyanopropylphenyl/86% dimethyl polysiloxane)
with helium at flow of 0.8 ml/min was used as a car-
rier gas; oven temperature gradient from 400C for 1
min hold time; then 2200C at 10C/min ramp rate with
a final hold time for 3 minutes. Sample injection TuL
and split ratio 1:100; inlet temperature at 2200C; mass
spectra recording in the mass range from 35 amu to
180 amu with electron impact ionization energy at 70
eV, source temperature 2200C, and mass transfer line
temperature of 2200C.

For compositional comparison, PMD-enriched cit-
ronella oil and native citronella essential oil were anal-
ysed on a column HP-5MS (0.25 x 30m), film thickness
1.0 um; helium at a 1.0 mL/min flow was used as a car-
rier gas. The oven temperature gradient was performed
from 60 °C to 210 °C at 3 °C/min ramp rate and 1 min
hold time at 210 °C; then 210 °C to 280 °C at 20 °C/
min ramp rate with 5 min hold time at 280 °C. Sam-
ples were injected with 1 pL and split ratio 1:20 inlet
temperature at 250 “C with mass spectra obtained un-
der the condition of mass range from 50 to 400 amu
with electron impact ionisation energy at 70 eV, source
temperature of 280 °C and mass transfer line tempera-
ture of 280 °C.

The GC-MS chromatogram (Figure 1) for qualitative
determination of volatiles in the resulting oil showed
that the all the volatiles earlier occurring in native cit-
ronella oil are still intact (no change in functionality)
only peak corresponding to citronellal is selectively de-
creased with the emergence of new peaks correspond-
ing to cis- and trans-PMD. A total of four stereoisomers
of PMD could be detected by GC-MS analysis with a
strong cis-selectivity (Figure 2). A comparison of volatile
composition of PMD enriched oil with native citronella
oil has been shown in Table 1 which established that
>40% (qualitatively) PMD could be generated success-
fully from its null presence in native citronella oil.

Physiochemical properties: The product was found to
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Table 1. Comparison of volatile composition of native citro-
nella oil and PMD enriched oil

Component Native oil PMD oil
d-limonene 2.59 -
linalool 0.94 1.55
citronellal 42.14 1.84
citronellol 12.29 13.36
geraniol 16.71 18.01
cis-PMD - 27.05
trans-PMD - 14.83
citronellyl formate 1.97 2.38
geranyl acetate 3.59 3.98
caryophyllene 2.83 2.18
Cyclo-caryophyllene 1.05 0.97
iso-caryophyllene 6.94 5.70
cis-bisabolene 2.99 2.30
caryophyllene alcohol 1.35 1.69
neo-clovene 2.83 1.94
Total ~98.22 ~97.78

be soluble in n-hexane and ethanol. The refractive in-
dex of PMD-enriched citronella oil was determined by
direct loading to a refractometer (Rudolph Research,
J257). The density of product oil was determined using
a digital Density meter (Anthon Paar, DMA 1001). The
optical rotation of PMD-enriched oil was recorded by
using a polarimeter (Anton Paar MCP 200). Data for all
studies are shown as following:

+ Solubility: ethanol

+ Optical rotation: [a]20D +31 (c = 1.0 in ethanol)

¢ Refractive index: 1.476 (at 20°C)

+ Density: 0.983 (at 20°C)

Thermogravimetric analysis (TGA) of native citronel-
la oil, PMD-enriched citronella oil, and N, N-dieth-
yl-meta-toluamide (DEET): Native citronella essential
oil, PMD enriched citronella oil, commercial DEET and
standard PMD (4.0 mg each) were subjected to Ther-
mos Gravimetric Analyzer (TGA) under a nitrogen atmo-
sphere. An isotherm-heating program was set up at 32
+ 2 °C (human skin temperature on the forearm). In or-
der to obtain a low-noise TG signal, a constant gas flow
of 70 mL min-1 was set for all the tests. The precision
of temperature measurement for the thermos-balance
was found to be +1°C. Continuous records of weight
loss with time were obtained and were further used
to determine the evaporation rate (weight-loss % min-
1) of the native citronella oil, PMD-enriched citronel-
la oil, DEET and standard PMD (Figure 3). As evident
from Figure 3, standard PMD and DEET demonstrated
similar stability at 32 + 2 °C, whereas, PMD-enriched
citronella oil (shown with green colour) demonstrated
a significantly enhanced stability compared to native
citronella oil (shown with black colour). In a further
study to evaluate the stability till ~24h, PMD enriched
citronella oil was found quite stable compared to the
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Figure 3. GC-MS chromatogram of PMD enriched citronella
oil.

native citronella oil (Figure 4), hence, it may provide a
long-lasting protection from the insects even up to 24
hours after application.

Production of natural dye from flower petals of Bu-
tea monosperma (Lam.) (Palash): Colorants or color
additives are the substances that impart characteristic
colors to food or non-food materials. Generally, artifi-
cial colorants, e.g., Red 40 (E129), Yellow 5 (E102), Yel-
low 6 (E 110), Blue 2 (E 132), etc,, are frequently used
in food prospective without impacting the product’s
taste or stability. Notwithstanding with the coloring
efficacy, several side effects, e.g.,, hyper-activity in chil-
dren, allergenicity, toxicological, and carcinogenicity
associated with such materials have led to a global
ban on the use of synthetic food colorants. This result-
ed into the start of a new trend for using natural col-
oring materials instead of the synthetic ones for food
grade applications. In addition, an increase in the de-
sire to label food items as natural have also contribut-
ed to a significant decline in the use of synthetic food
colorants. Natural dye/pigments are primarily derived
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Figure 4. GC-MS chromatogram of PMD enriched citronella
oil.
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from different parts of plants like root, bark, leaves, fruit
and flowers. They have been considered non-allergic,
non-toxic, non-carcinogenic, and are biodegradable
in nature, therefore, pose no direct/indirect risk to the
environment. The dye/colorant obtained from flowers
of plant Butea monosperma, also known as Palash, is
used in medicinal and food industries for the charac-
teristic yellow to orange color. The crude flower petals
dye after processing serve as a coloring material in soft
drinks and other food products, e.g., jam, chow Mein,
noodles, sausage, etc. A plethora of research has been
prospected to isolate the characteristic dye from the B.
monosperma flowers, however, the exact composition
of the dye is not yet fully established. Most of studies
rely on the use of volatile organic solvents, e.g., n-hex-
ane, chloroform, ethyl acetate, methanol, ethanol, etc.
Notwithstanding the efficacy in dye extraction, the re-
sidual impurities and other contaminants occurring in
the organic solvents may produce health hazard on
application to food preparations. There are no reports
on HPLC analysis of the crude dye extract towards the
herbal standardization and its production at prepar-
ative scale directly from B. monosperma flowers as a
substrate.

Therefore, this investigation is carried out with an
explicit objective for the extraction of natural dye from
B. monosperma flower petals under an organic solvent
free condition, whereby, extraction of flower petals in
hot water followed by purification through the mem-
brane technology results a clear transparent brown lig-
uid, wherefrom, product in the form of yellow to brown
powder is recovered by the application of lyophiliza-
tion and/or spray drying technology. The constituents
of recovered dye are validated by a high performance
liquid chromatography (HPLC) method of analysis. A
total of three compounds are isolated in high purity
(~99%) from the extracted B. monosperma dye by the
application of preparative-HPLC analysis and column
chromatography. All the isolated compounds are char-
acterized by UV, IR, NMR, and Mass spectrometry. De-
tection and quantification of compounds in the parent
B. monosperma dye is validated by HPLC analysis.

Organic solvent free method for dye extraction: The
flower petals of B. monosperma are collected and
dried. A completely dried beaker is charged with dry
flower petals (20 g) in 500 mL of boiling Milli-Q water in
a manner that the plant material is fully immersed in
the liquid. The reaction mixture is stirred at 1000 rpm
for 2 h. After time elapsed, residue is separated from
the water extract by passing through a muslin cloth. A
brown colored liquid obtained is washed with RO-wa-
ter (three times) using membrane filtration system. The
retentive liquid is concentrated using membrane fol-
lowed by lyophilization to afford brown colored dye as
product (7.0 g, yield ~35%). Likewise, the spray drying
of retentive layer afford brown colored dye as product
(2.0 g, yield ~10%).

Isolation and characterization of marker compoundes:
The B. Monosperma dye powder is chromatographed
over silica gel silica gel (200-400 mesh) and eluted
with gradient mixtures of dichloromethane-methanol
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Figure 5. HPLC analysis for detection and quantification of constituents in dye powder (P-1)

to afford butrin (BM-W), iso-butrin (BM-Y) and iso-core-
opsin (BM-O) in ~99% purity. The isolated compounds
are characterized by spectroscopic methods such as
UV-visible, FT-IR, NMR and Mass spectrometry.

Detection and quantification of constituents in prod-
uct dye: The constituents of the product dye powder
are detected and quantified by High-Performance
Liquid Chromatography (HPLC) method of analysis
using pure (~99%) isolated compounds as standards
under the chromatographic condition stated as: C18
(4.6x100) mm with particle size 5um, mobile phase
25% acetonitrile and 75% deionized water contain-
ing 0.01% orthophosphoric acid, flow rate 0.3 mL/min
column temperature 30°C, detection using PDA at
wavelength 271 nm and 371nm, run time 30 min. As
evident from HPLC chromatogram (Figure 1), the dye
obtained from B. Monosperma contains: isocoreopsin
(~15.1 wt%), butrin (~6.0 wt %), and isobutrin (~50 wt%)
as active constituents (Figure 1).

Determination of thermal stability: The stability of
dye powder obtained from B. Monosperma flower ex-
tract is determined by Thermo-gravimetric (TGA) anal-

ysis under N2 atmosphere. An isotherm-heating pro-
gram is settled from 100 to 700 °C. In order to obtain a
low-noise TG signal, a constant gas flow of 70 mL min-
1 was set for all the tests. The precision of tempera-
ture measurement for the thermobalance is £1 °C. The
continuous records of weight-loss and temperature is
obtained and used to determine the evaporation rates
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Figure 6. TGA analysis of dye constituents
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AR 1. FTEHIT-THTH Sh1 STANT ek &1, HIHT TS Shl 28 Heet %o

Sample Pb RSD As RSD Cd RSD Hg RSD Na RSD

(ppb) (%)  (ppb) (%) (ppb) (%) (ppb) (%) (ppb) (%)
PI-A* 03  <0.000 0 N/A <0.000 N/A 2807 03  <0.000 N/A
P1-B® 24 <0000 0 N/A <0000 N/A 2334 24  <0.000 N/A
P1-C™* 25 <0.002 0 N/A <0000 N/A 35 35 <0.000 N/A

*Sample at 50 ppm concentration.
**Sample at 100 ppm concentration.

***Sample at 150 ppm concentration.
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Table 2. Trace metal analysis of B. monosperma dye using ICP-MS Trace metal analysis of

B. monosperma dye using ICP-MS

Sample Pb RSD As RSD Cd RSD Hg RSD Na RSD

(ppb) (%)  (ppb) (%) (ppb) (%) (ppb) (%) (ppb) (%)
PI-A* 03 <0000 0 N/A <0.000 N/A 2807 03  <0.000 N/A
PI-B™ 24 <0000 0 N/A <0000 N/A 2334 24  <0.000 N/A
P1-C™ 25 <0002 0 N/A <0000 N/A 35 35 <0.000 N/A

*Sample at 50 ppm concentration.
**Sample at 100 ppm concentration.

***Sample at 150 ppm concentration.

100 200

a0

800
Mingtes

Figure 7. HPLC chromatogram of B. monosperma dye

(weight-loss % min-1) of dye powder. As evident from
Figure 2, the B. Monosperma dye recovered through
lyophilization is stable >200 °C of processing tempera-
ture.

Determination of Nectar sugar composition: The
UPLC analysis (Figure 3) using the Hi-Plex column es-
tablished the presence of three nectar sugars, viz. su-
crose, glucose, and xylose in the lyophilized B. mono-
sperma dye powder (P-1).

Physiochemical properties: The dye was found to be
soluble in water and ethanol and was found to shown
following physiochemical properties -

o State: Solid powder

o Color: Brown

& Moisture: <7%

# Solubility: ~15 mg/mL

Trace metal analysis of B. monosperma dye: The dye
powder obtained as product from flower petals of B.
monosperma was also investigated for determination
of trace metals using ICP-MS analysis. As summarized
in Table 1, the dye powder displayed the traces of mer-
cury with significantly low relative abundance (RSD) <4
%. Similarly, presence of lead, arsenic, cadmium, and

sodium could be detected only at negligible concen-
trations.

Salient Achievements

¢ In situ enrichment of mosquito repellent PMD in Citro-
nella (Cymbopogan winterianus) essential oil was carried
out.

All the stereoisomers of PMD, predominantly the
(+)-cis-isomers could be detected in the value added oil
by GC-MS analysis.

PMD value added citronella oil demonstrated a good sta-
bility (~24 h), hence, may provide long lasting protection
from mosquitoes.

IPR has been applied via Indian Patent Application No.
202111012965.

An organic solvent free process for preparation of a food
grade dye/colorant powder in high yield (~35%) from
flower petals of Butea Monosperma (Palash).

Extraction of dye with hot water and purification of ex-
tract by micro-, and ultra-filtration membrane system.
Product recovery by the application of lyophilization and/
or spray drying technology.

Complete characterization of dye constituents by spec-
troscopic and analytical techniques.
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glucose molecules linked by B -1,4 glycosidic bond.

Milk and milk based products are rich in sugar. The
digestion of lactose sugar is catalyzed by lactase en-
zyme in the small intestine, hydrolyzing lactose into
glucose and galactose. A sufficient amount of this en-
zyme is secreted in infants. However, after weaning, lac-
tase activity gradually decreases with increasing age in
humans, which results in lactose intolerance. This is a
genetic disorder in which the digestive tract could not
break down and absorb lactose sugar. Lactose intol-
erance affects about 75% of people worldwide. About
98% individuals in Southeast Asia are thought to have
lactose digestion related issues (According to Lomer
et al. 2008). When lactase is deficient and lactose-rich
milk products are consumed, many gastrointestinal
diseases are created, including diarrhea, stomach pain,
bloating, and flatulence. The nutritional value of milk
and milk products is constrained by the presence of
high lactose sugar content. The lactose intolerant indi-
viduals choose to drink low-lactose or lactose-free milk
or milk products, in which lactose is hydrolyzed via en-
zymatic processing by employing lactase or p -galacto-
sidase. Additionally, B-galactosidase has the ability to
transglycosylate lactose into prebiotic oligosaccharide
molecules, such as galactooligosaccharides, lactulose,
alkylgalactosydes, and fructosyl-galactooligosaccha-
rides.

Lactose is a disaccharide comprising galactose and
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A novel acid-tolerant and cold-active B-galacto-
sidase potentially suitable to process milk and
whey samples: The CIAB team has identified a po-
tential gene (galM) encoding B-galactosidase from the
metagenome of an aquatic environment. The gene
sequence alignment with the public database (NCBI
nr) produced nil matches, confirming galM as a novel
B-galactosidase gene. At protein level, GalM was found
close to Rhenella sp. The tertiary crystal structure of
the cold-adapted Rhenella sp. B-galactosidase of gly-
cosyl hydrolase (GH) 42 family was used to build a
homology model of GalM. With a root-mean-square
deviation (RMSD) of 0.00, all of GalM’s amino acids
were modelled in the homology structure with 100%
confidence (Fig. 2A). A typical ((B/a)) 8 TIM-barrel struc-
ture with three domains was shown in the three-di-
mensional homology model of GalM (Fig. 2B). GH42
B-galactosidases have been found to originate from a
small number of psychrophilic bacteria. A biochemi-
cal investigation revealed that GalM showed enhanced
catalytic activity at low (4-20 °C) and high (30-60 °C)
temperatures, with profuse thermal stability at 40-50
°C. The pH range that is ideal for processing milk sam-
ple was shown to have the highest activity at 6.5-7.5.
However, significant activity (>80%) in buffers with low
pH revealed that it was an acid active enzyme, making
it appropriate for use in fermented milk products and
whey, which are acidic products. Compared to other
acid-active bacterial B-galactosidases, GalM was found
more acid-tolerant.

The hydrolyzed products of lactose, glucose and
galactose, may inhibit the function of g-galactosidases.
However, GalM exhibited good tolerance to glucose,
and galactose in the enzymatic reaction (Figure 2). This
is a preferred feature of this enzyme for milk or whey
processing applications. Under optimal conditions,
the entire lactose content of milk was hydrolyzed in
4 hours of catalytic reaction (Fig. 3A). Enzymatic treat-
ment took 16 hours to completely hydrolyze milk lac-
tose at 15°C, whereas full hydrolysis required 24 hours
(Fig. 3A). The whole lactose hydrolysis in the case of
whey could be completed in around 14 hours under
optimal reaction conditions (Fig. 3B). The results indi-
cated the catalytic potential of GalM in the synthesis of
milk- or whey-based products with significantly lower
lactose content. GalM showed the ability to transglyco-
sylate, which can be exploited to make galacto-oligo-
saccharides (GOS) (Figure 3c).

Metagenomic views on taxonomic and function-
al profiles of the Himalayan Tsomgo cold lake and
unveiling its deterzome potential: The application of
synthetic detergent in laundry and dishwashing ap-
plication creates many adverse effect on environment
like eutrophication of water bodies, increase in heavy
metal content in water bodies, threat to aquatic life.
The replacement of baleful chemical with biological
enzyme not only lessen the energy demand but also
contributes towards greener and cleaner environment.
Metagenomics is the study of genetic material direct-
ly recovered from habitat. This particular technology
proves very promising in screening of novel enzyme for
the bioprocessing applications. This particular study
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Figure 1. (A) Homology model of GalM superimposed over protein structure of Rhenella sp. B-galactosidase (SE9A).
(B) Homology structure (3D) of GalM model showing (B/a) 8-barrel fold and conserved catalytic residues. (C) SDS-
PAGE showing the purified GalM protein. (D) pH activity profile of GalM. (E) Temperature activity profile of GalM. (F)

Thermostability of GalM at different temperatures.

includes metagenomic analysis of Tsomgo lake and
screening of detergent suitable enzyme from Tsomgo
lake. Tsomgo lake is a cold active lake present in the
Sikkim Himalayas of an altitude above 12,000 ft. The
taxonomic analysis revealed the abundance of bacte-
rial domain including the dominance of Proteobacte-
ria, Actinobacteria, and Firmicutes in both monsoon
and winter seasons of Tsomgo lake (fig TA & fig 1B).
About 50% of ORFs were annotated for functional pro-
filing of Tsomgo lake. Functional profiling indicated
high abundance of genes associated with ABC trans-
port, two component system, biosynthesis of second-
ary metabolites, and microbial metabolism in diverse
environments. Detergent enzymes were screened via
computational method and further bacteria was iso-
lated for screening of detergent active isolates at low
temperature.

The contigs obtained after assembly of reads
were used for BLASTx analysis. The reads were mapped
against the database of lipase, protease and amylase.
A total of 296 bacterial isolates from Tsomgo lake were

screened for detergent active enzymes. The isolation
was carried out at 10°C and most of them was able
to grow at 30°C. A total of 136, 64, and 5 isolates were
detected to have the ability to produce lipase, amylase,
and protease, respectively, at 10 °C (fig 1C). Further, a
total of 80, 111, and 5 isolates exhibited the activity of
lipase, amylase, and protease, respectively, at 30 °C. A
total of 4 (C64, C81 at 10 °C, and C64, C86, C69 at 30
°C) exhibited the ability to produce all three detergent
enzymes (fig 1D). One isolates Acinetobacter guilloui-
ae C64 showing lipase, protease and amylase activities
at both temperatures. The principal detergent enzyme
producing species belong to Acinetobacter sp.

The need for alkaline-tolerant enzymes has always
been greater. Only a small number of biocatalysts, nev-
ertheless, have been found to have this remarkable
capacity to work in extremely alkaline environments.
Consequently, EPLM might be a powerful workhorse
for applications involving biomass processing.
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Figure 2. (A) Effect of different metal ions on purified GalM activity. Effect of different concentration of (B) glucose
and (c) galactose on purified GalM's activity.

Metagenomics revealing antibiotic, biocide, and rent work, a metagenomic approach has been used
metal co-resistomes in the Himalayan hot springs: to better understand the molecular basis of antibiot-
Living beings are seriously threatened by the rising mi- ic, metal, and biocide co-resistomes on the microbi-
crobial resistance to the antibiotics and other antimi- al ecology of three hot springs-Borong (BW), Lingdem
crobial substances. Examining the environments with (LW), and Yumthang (YUM), located in the Sikkim Hi-
community interests is crucial since human infections malaya at various elevations. It is true that the antibiot-
are becoming more resistant to antibiotics. In the cur- ic overuse has resulted in the growing microbial com-
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Figure 3. TLC and HPLC analysis of milk lactose hydrolysis by GalM at (A) 50°C, and 15°C. In the control reaction, the milk sample
was taken in the buffer without enzyme. TLC and HPLC analysis of whey lactose hydrolysis by GalM at (B) 50°C. In the control
reaction, the whey sample was taken in the buffer without enzyme. (C) TLC showing enzymatic synthesis of GOS from lactose,
treated with GalM. The enzymatic reaction was performed for 12 h, taking different concentrations of lactose, e.g. lane 1: 5 mM
lactose, lane 2: 10 mM lactose, lane 3: 15 mM lactose, lane 4: 30 mM lactose, lane 5: 50 mM lactose, lane 6: 80 mM lactose, lane
7: 100 mM lactose, lane 8: glucose, lane 9: galactose, and lane 10: lactose.
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Figure 4. Taxonomic profiling of Tsomgo lake Domain level (A) phylum level (B). Bacterial isolates showing lipase,
protease, and amylase activities at 10 °C (C) and 30 °C (D). Phylogenetic tree based on 16 s rRNA of bacterial isolates
showing activities of at least two detergent enzymes (E).

munity resistance over the past few decades. Up till
now, a number of unique resistance genes have been
discovered, gradually raising the bar for microbial drug
resistance.

The natural geothermal reservoirs known as hot
springs include a wide range of important physico-
chemical characteristics. These hot springs have been
found to harbour a variety of microbial pathogens and
genetic resources linked to the resistance against an-
tibiotics and biocides despite being present on a dis-
tant location. However, the geothermal reservoirs of
Himalayan region hold a significant impact on ethnic
human habitation near these thermal springs which
may serve as the sites of interspecies transmission of
resistance genes. The molecular processes of resistance
transmission among thermophiles or the common mi-
crobiota of environmental niches, however, are still un-
known. Therefore, a thorough genetic analysis of these
ecological niches is indeed crucial for improving our
knowledge of the causes of the numerous diseases
linked to water supplies. It may also be useful for devel-
oping measures to stop potential drug resistance out-
breaks. The dearth of molecular evidence can be filled
by metagenomics, which could offer a comprehensive
perspective on the co-dissemination and co-selection
of antibiotics, metals and biocides resistance genes in
the environmental niches. In the current study, we hy-
pothesised that one approach to understanding the
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molecular drivers of antibiotic resistance and their
co-evolution with metal, and biocide resistance as syn-
tenic entities, is to thoroughly investigate the massive
sequencing data generated from the genetic materi-
al of the geothermal aquatic niches. The prevalence
of bacterial communities (95-99%) was found using
taxonomic profiling in the moderate temperature hot
springs BW, LW, and YUM. Archaeal bacteria were also
found in the BW, LW, and YUM samples (1.34%, 1.49%,
and 0.023%). Only 2% of ORFs were given an unclassi-
fied sequence designation (Figure 1A). At the phylum

¥
5/30/2019 " 004880,

Figure 5. The phylogenetic tree was constructed by following
maximum likelihood method in Mega software at the boot
strap value of 1000 using EPLM treatment, B Banana pseu-
dostem fibre used as a control (untreated).
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Figure 8. In each hot springs metagenome, unique MAG genome were predicted through mappings. The maps depict the gene
clusters responsible for antibiotic and metal resistance. Each colourful circle denotes the distinct characteristics listed in the inset.

level, Proteobacteria (BW 7821%; LW 66.34%; YUM
57.21%) outnumbered the Bacteriodetes (BW 4.03%;
LW 6.37%; YUM 6.42%), Actinobacteria (BW 2.49%; LW
3.52%; YUM 30.47%) as well as other microorganisms in
the hot spring samples (Figure 1B). Whereas, at genus
and species levels, the three hot springs were shown to
have a varied microbial ecology. YUM (Microbacterium
15.90%, Arthrobacter 13.41%, and Paracoccus 7.67%),

LW (Bradyrhizobium 3.34%, Thiobacillus 2.83%, and Ni-
trospira 2.60%), and BW (Pseudomonas 12.49%, Acidov-
orax 9.98%, and Hydrogenophaga 7.19%) all have high
abundances of mesophilic microbial species (Figure
1C).

The antibiotic resistome study demonstrated the
presence of potential genes for antibiotic resistance
in the metagenomes (shortlisted on the strict criteri-
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Figure 9. Antibiotics and metal resistance conferring genes as well as mobile genetic elements in MAGs; BWT, LW1,

and YUM2 as syntenic block representation.
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on of at least 50% identity and 70% subject coverage).
The genes for resistance to peptide antibiotics (basR),
triclosan (fabl), fluoroquinolones (gyrA), para-amino
salicylic acid (thyA), fosfomycin (murA), streptomycin
(rpsL), tetracycline (rpsd), and other antibiotics were
found to be significantly represented in the metage-
nomes. The resistance genes exhibited more homolo-
gy with host resistance proteins from Escherichia coli,
Mycobacterium, Pseudomonas, Salmonella, and other
pathogens, among others (Figure 2A). The presence of
genes that could give resistance against metals and
metalloids was discovered by the metal-resistome in-
vestigation. Arsenic (recG, ibpA, ideR, chrA, modC, and
copC), copper (cmtR, sugE, abeS, corD, soxR, chrF, actR,
dpsA, and acn), and iron (arsC, sodA, fabl, and acr3) tol-
erance genes were also highly represented (Figure 2B).

The binning method was used to create genomes
(MAGs) from the metagenomic data. In the BW, LW,
and samples, respectively, 24, 39, and 32 bins were
built. Eight of these high-quality MAGs in BW and LW
(4 MAGs each), and 3 in YUM were obtained from bins
that passed the strict screening requirements of at
least 90% completeness and 10% contamination. To
further study the resistome disseminations, three nov-
el MAGs (BW1, LW1, and YUM2) were chosen based
on FastANI reference, % identity, and relative evolution-
ary YUM divergence (RED) value (Figure 3). In terms of
species belonging to the genera Vogesella (BW1), Thio-
bacillus (LW1), and Tepidimonas (YUM?2), the taxonom-
ic designations of the chosen MAGs confirmed their
unigueness. In MAGs, the genes for metal, antibiotic,
and biocide resistomes were investigated. The genome
maps revealed the cluster of resistance genes in the
MAGs, BW1 (Vogesella sp.), LW1 (Thiobacillus sp.), and
YUM2 (Tepidimonas sp.), against fluoroquinolones, tri-
closan, multidrug, copper, chromium, tellurium, sele-
nium, etc (Figure 3). Mobile genetic elements (MGEs)
and syntenic blocks were anticipated in the MAGs to
further explore potential molecular pathways for the
spread of resistance genes (Figure 4). The placement of
resistance-disseminating genes in MAGs revealed that
horizontal gene transfer, mostly through plasmids and
prophages in some cases, could be a significant factor.
Many plasmid-derived genes for antibiotic, metal, and
biocide resistance were positioned in the assembled
genomes as syntenic blocks. Additionally, proteins
known as tyrosine recombinases (XerC and XerD), ty-
rosine transposons (rayT), recombination associated
proteins (RAgC), and conjugal proteins were found in
the MAGs (Figure 4). These proteins aid in the transport
of genes between plasmids and chromosomal DNAs.
Therefore, these elements, along with plasmids, likely
facilitate the spread and endurance of antibiotic, met-
al, and biocide resistance among microbial species in
these hot-spring sites, both within and between spe-
cies.
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Salient Achievements

*

A novel acid-active B-galactosidase variant (GalM) has
been characterized for lactose hydrolysis in milk and
whey samples.

A novel biocatalyst pectate lyase (EPLM) has been identi-
fied and characterized for the depolymerisation of meth-
ylated pectin as well as un-methylated polygalacturonic
acid.

EPLM displayed the catalytic activity at an extreme alka-
line pH 11.0 with a significant stability in a range of pH
80to11.0.

The EPLM enzyme has been employed for the retting of
pectin containing banana pseudostem biomass which
has been an emerging source of fibre for textile industry.
Metagenomic profiling of the Himalayan Tsomgo cold
lake revealed the detrozome potential of the ecological
niche.

Metagenomic analysis of Borong, Lingdem and
Yumthang resulted into the in depth information relat-
ed to molecular determinants of antibiotic, metal and
biocide resistance dissemination among resident micro-
organismes.

A plethora of genes have been identified conferring cru-
cial traits of survival and evolution to the inhabiting mi-
crobes of the pristine hot springs.

The metagenome assembled genomes binned from the
generated data resource showed the prevalence of re-
sistance conferring genes as syntonic blocks among the
genomes of resident microorganisms of these thermal
aquatic habitats.
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from food processing are a problem for the food
industry. Because of the tremendous burden on
treatment facilities and the waste management sys-
tem in the sector, a significant quantity of nutrient-rich
food by-products go unutilized as a result of insuffi-
cient waste management facilities. A diet low in nutri-

The handling and correct disposal of by-products
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ents, which is more common in developing and unde-
veloped nations, is the main cause of undernutrition or
malnutrition. Incorporating supplemental foods from
alternative sources, such as food processing by-prod-
ucts, is one way to reduce malnutrition. These prod-
ucts can be used to create supplementary foods and
value-added goods that are high in carbs, proteins,
lipids, and minerals. Development of nutrient-rich
substitutes, in particular protein, fiber, antioxidants,
and minerals from agri-food industry by-products like
kinnow processing industry, rice straw, and whey is ur-
gently needed. It also satisfies the government’s goals
for sustainable development. This can aid in reducing
adult metabolic problems and childhood malnutrition.
Likewise, xylitol is a food grade natural sweetener, low
in calories and glycemic index can be produced from
another abundantly available lignocellulosic biomass
which is rice straw. It has prebiotic potential that has
been demonstrated, and it can support bone metab-
olism, gut health, and tooth decay prevention. Beer is
the world'’s third most popular fermented beverage. It
is typically made from malted barley and tropical coun-
tries must import barley from temperate countries for
brewing, which is an expensive process. Therefore, it is
critical to investigate alternative possible substrates for
beer production in order to meet the growing demand
for high-nutritional-quality beer. Similarly, pomace is
the leftover of kinnow juice processing industry, from
which high quality kinnow fibres and pectin can be ex-
tracted as commercially valuable products for use else-
vier. Therefore, using food leftovers for the production
of useful edible products not only offers an efficient
approach to valorize agro-industrial wastes, but also a
way to manufacture a nutrient-rich product to combat
malnutrition and the onset of diseases as a result of it.
Due to its plant-based origin, cost effectiveness, and
high nutritional content, this intervention also has a
good possibility of being embraced by the majority of
marketers and consumers.

N——
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®

Saccharomyces bayanus NRRL Y-12624T (AY046152)

Saccharomyces pastorianus NRRL Y-27171N" (AY046151)

Saccharomyces eubayanus PYCC 61487 (JF786673)

Saccharomyces uvarum NRRLY-17034T (AY130306)

Saccharomyces arboricola CBS 106447 (EF580917)

Saccharomyces kudriavzevii NRRLY-27339T (AY046150)

—
0.0020

Saccharomyces cerevisiae NRRLY-12632"T (AY046146)

Saccharomyces cerevisiae CMS12

Saccharomyces mikatae NRRL Y-273417 (AY046149)

Jurei NCYC39477(HG764814)

Figure 1. Phylogenetic tree based on ITS and D1/D2 gene sequence comparison showing the posi-
tion of S. cerevisiae CMS12 and other related species of genus Saccharomyces.
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Figure 2. Fermentation process parameters optimization using control strain and strains isolated in this study (C1, C2)
(a) Glucose concentration (b) Temperature (c) Inoculum size (d) pH. Note C1: Saccharomyces cerevisiae CMS11; C2: Sac-
charomyces cerevisiae CMS12; Control: commercial culture of Saccharomyces cerevisiae.

Production and characterization of anthocyanin
rich beer from black wheat by an efficient isolate
Saccharomyces cerevisiae CMS12: Beer is the world’s
third most popular fermented beverage. It is typical-
ly made from malted barley. Tropical countries must
import barley from temperate countries for brewing,
which is an expensive process. Therefore, it is critical
to investigate alternative possible substrates for beer
production in order to meet the growing demand
for high-nutritional-quality beer. The current study
involves the creation of a fermented beverage from
anthocyanin-rich black wheat with the help of yeast,
Saccharomyces cerevisiae CMS12, isolated from fruit
waste. The works also depicts comparison with white
(amber) wheat beer. Black wheat wort contained 568
mg GAE/L total phenolic content, 4.67 mg/L anthocy-
anin concentration, 6.8% (v/v) alcohol content, and a pH
of 4.04. The sensory analysis revealed that black wheat
beer was more acceptable than white wheat beer. The
developed fermented beverage has enormous com-
mercialization potential.

Identification and taxonomic study of ethanol pro-
ducing yeasts: Two potential yeasts were screened,
designated as C1 and C2 based on their ability to give
desirable ethanol yield. On an agar plate, both the iso-
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lates (C1 and C2) produced small creamy-white colo-
nies (~5mm) that were raised and circular. Sequence of
the D1/D2 domain of 26S rRNA and 5.85-ITS rDNA ana-
lyzed with GenBank database revealed an evolutionary
relationship with other closely related Saccharomyces
cerevisiae strains and 100 % homology with Saccha-
romyces cerevisiae NRRLY-12632NT (AY046146), with
which the test shares common ancestor. Therefore,
post taxonomic identification, the strain C2 was named
by its scientific nomination together with lab code as
Saccharomyces cerevisiae CMS12 (Fig. 1). Similarly, the
strain C1 was identified as Saccharomyces cerevisiae
CMS 11.

Optimized ethanol production on synthetic media:
Inoculum size of 10% v/v for C1 and 8% for C2, yielded
50% and 47% ethanol conversion efficiency from sub-
strate, respectively. No significant difference in ethanol
conversion efficiency was observed when compared to
control yeast with 12% or 10 %v/v inoculum size (Fig.
2b). Therefore, 10% inoculum size was decided for fur-
ther study. The isolated yeast strains resulted in opti-
mum ethanol production at pH 5.5. The production
decreased as the pH increased (6.5) (Fig. 2c). Therefore,
pH 5.5 was decided as optimal for C1 and C2 strains for
ethanol production as reported previously.
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Yeast Colour PpH Total TSS sugars content Alcohol

. s o o
Strain (EBC) acidity (°B) (/100ml) (mg/L) content (%)
Isolated Strain C1 22.952:0.34  4.42£0.03 0.122£0.05 12.80*+0.41  0.232+£0.06 5.672+0.05 6.522+0.48
Isolated Strain C2 21.45040.28  4.0°40.05  0.28°+0.02  13.10*+0.22  0.20°+0.05 6.43%+0.03 7.00% + 0.35
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(Saccharomyces 227224017  4.7°£0.02  0.24*:0.03  12.20+0.32 0.222£0.04 4.67£0.04 6.412+0.44
cerevisiae)
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Figure 3. Time lapse changes in the maltose, glucose, and ethanol concentrations of black wheat wort
after fermentation with different yeast strains (a) Standard yeast (Saccharomyces cerevisiae) as control
(b) Strain C1 and (c) Strain C2 d) Kinetic modelling of potential strain C2.

Temperature affects yeast growth and volatile organic
levels. At 28 °C, yeast growth and alcohol production
are faster than at lower temperatures. Both C1 and C2
showed similar observations (Fig. 2d). Therefore, 28 °C
decided as optimal. Previous observations were similar.

Fermentation of black wheat wort and kinetics of
potential strain: In the black wheat wort fermentation,

the glucose consumption was substantially faster than
maltose consumption. During the initial 8 h of fermen-
tation, C2 yeast strain completely digested glucose and
showed maximum production of ethanol (71.98 g/L),
that was higher than the standard yeast (Fig. 3a, 3b
and 3c). After 48 h of fermentation, the maltose con-
centration gradually declined until it was complete-
ly depleted. With the application the logistic model

Table 1. Physicochemical characteristics of beer produced from black wheat by isolated yeast and control yeast (Saccharomyces

cerevisiae)

Yeast Colour PpH Total TSS R::Zji?g Anél;;ngm Alcohol

. s o o
Strain (EBC) acidity (°B) (/100ml) (mg/L) content (%)
Isolated Strain C1 22.952£0.34  442:0.03  0.122+:0.05 12.80+ 041  0.232+0.06 5.672+0.05 6.522+0.48
Isolated Strain C2 21.45040.28  4.0°40.05  0.28°+0.02  13.10*+0.22  0.20°+0.05 6.43%+0.03 7.00% + 0.35

Standard strain
(Saccharomyces 227224017  4.7°£0.02  0.24*:0.03  12.20+0.32 0.222£0.04 4.67£0.04 6.412+0.44
cerevisiae)

Values are mean of three replicates + standard deviation (P< 0.05); TSS = Total soluble solids.
Values with different superscript roman letters (a-b) in the same column are significantly different according to the Tukey's range

test (p <0.05)
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Sensory attributes Beer (Black wheat) Beer (White wheat)
Color/ Appearance 6.5
Flavor. 7
Mouthfeel 7
Overall Acceptability 6.5
Total score 785 27
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Parameters Control wheat beer Black wheat beer
Alcohol content (%) 3.672£0.58 6.80°+ 0.45
PH 4.202+0.05 4.042+0.03
Reducing sugars 0.17+0.03 0.23 +£0.04
(g/100ml)
°Brix 9.002+ 0.48 13.00°+£0.32
Acidity (%) 0.332+0.05 0.272 £ 0.02
EBC 7.30+ 0.36 21.45%+0.30
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Table 2. Physicochemical attributes of beer produced from control wheat and black wheat

Sensory attributes Beer (Black wheat) Beer (White wheat)
Color/ Appearance 6.5
Flayor. 7
Mouthfeel 7
Overall Acceptability 6.5
Total score 285 27

Values with different superscript roman letters (a-b) in the same column are significantly different accord-

ing to the Tukey's range test (p <0.05)

Values are mean of three replicates + standard deviation (p< 0.05); EBC = Color determined by European

brewing convention units at 430nm

(Aysun et al, 2007) for beer production and C2 as a
potential strain. The curve closely fit to projected band
with 95% confidence interval. R2 = 0.99 (Fig. 3d).

Physico-chemical evaluation of beer: The black wheat
beer prepared from commercial strain of yeast S. cer-
evisiae taken as control showed higher pH (4.7) than
both isolated strains. The C2 strain produced beer with
acidity (0.28) and low pH (4.0). However, the black
wheat beer, from C2 strain produced higher alcohol
than others. The C1 strain contained 6.52% alcohol
(v/v), while the C2 and control strains contained 7%
and 6.41% alcohol, respectively. The color analysis of
brewed black wheat beer with C1, C2, and control
yeast revealed 2295, 2145, and 22.72 EBC, respec-
tively. The color is due to anthocyanin, as reported in
fruits with color ~25.8 EBC (Wu et al, 2011). Whereas,
increased phenolic content was observed in isolated
strains compared to control (Table 1).

Higher scale beer production and its sensory eval-
uation: Black wheat and white wheat beer were pro-
duced at 2 L scale. Better physicochemical properties
were observed in black wheat beer compared to white
wheat beer including alcohol content, EBC and acidi-
ty. (Table 2). The beer's physicochemical properties in-
fluence consumer acceptance. The data presented in
Table 3, represents the mean sensory score including
appearance/color, taste, flavor, and overall acceptabil-
ity. The overall acceptability for black wheat beer was
slightly high than white wheat beer. In the mineral con-
tents, the potassium and the magnesium were higher
1661.17 ppm, 486.50 ppm in black wheat beer than
control white wheat beer 526.13 ppm, 126.80 ppm re-
spectively. In addition, the calcium and zinc were also
higher in black wheat beer 20.97 ppm, 1.62 ppm than
the white wheat beer 8.33 ppm, 0.22 respectively.

A series of spectral bands placed below 1500 cm-1
correspond to the vibration of C-C and hydroxyl groups

Table 3. Sensory scores of beer produced from black wheat and control white wheat

Parameters Control wheat beer Black wheat beer
Alcohol content (%) 3.672+0.58 6.80°+ 0.45
PH 4.202 £ 0.05 4.042 £ 0.03
Reducing sugars 0.17+0.03 0.23 £ 0.04
(2/100ml)
°Brix 9.002+ 0.48 13.005+ 0.32
Acidity (%) 0.33240.05 0.27° £ 0.02
EBC 7.30+ 0.36 21.45%+0.30
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Figure 4. FTIR of a. White wheat beer and, b. Black wheat beer.

in carbohydrates and ethanol. In both white and black
wheat beers, the ethanol absorbs at ~2919 cm-1; this
wavelength is similar to the asymmetric stretching
band of the methyl group. Whereas, the O-H stretch-
ing was observed in the range of band 3200 cm-1-
3300 cm-1 in both beers, because water and ethanol
molecules can form hydrogen bonds with one anoth-
er. The band range from 1600 cm-1 to 1900 cm-1 are
labelled with stretching C=0O (Kaur et al,, 2020) and is
connected to the myriad of different chemical compo-
nents that can be found in beer, such as vitamins and
soluble solutes.

UV-Vis spectroscopy has been widely used to iden-
tify anthocyanins. A hump is also seen between 400
and 450 nm followed pattern in visible range 500-600
nm. The size of this hump depends on how many sug-
ar molecules are attached to the anthocyanidin moi-
ety. In general, the structure of anthocyanin has a fully
delocalized -conjugated system that makes it stable.
Previous studies have shown that anthocyanins follow
a similar pattern. TH NMR spectra of black wheat and
white wheat beer are shown in Fig. 5. Overall, similar
peaks patterns were observed in both the black and
white wheat beer. Whereas, the highly responsive re-
gion near around 3.5 ppm represents the organic acids
like citric acid, succinic acid, pyruvic, and acetic acid in
both the samples. Moreover, dextrins and sugars were
observed at 5ppm in the spectrum.

Future scope: Scale up study of anthocyanin rice beer
in 3L fermenter. Surfactant modified bentonite clay
based adsorptive removal of inhibitors from rice straw
hydrolysate: Analysis and fermentation study: Ther-
mal acid hydrolysis of paddy straw is one of the most

widely used pre-treatment methods to deal with its
recalcitrant nature as well as utilize its abundant ac-
cessibility. However, the presence of inhibitory com-
pounds (acetic acid, phenolics, and furan derivatives) in
hemicellulose enriched spent liquor, produced during
paddy straw hydrolysis, adversely affects its utilization
for downstream xylitol production. Various detoxifying
agents such as paddy straw biochar, lignite, activated
charcoal, sodium bentonite (SB), and surfactant-mod-
ified organobentonite (CTAB@SB) were assessed for
removal of inhibitors from the spent liquor. CTAB@
SB performed as the best detoxifying adsorbent while
retaining the maximum amount of xylose. CTAB@
SB-assisted detoxification was successfully established
for inhibitor removal and integrated into paddy straw
pre-treatment for downstream xylitol production.

Comparing detoxifying performance of different
adsorbents: After carrying out the preliminary steps
(concentration, pH adjustment, and centrifugation) for
partial inhibitor removal, the detoxifying capacity of dif-
ferent adsorbents: biochar, lignite, activated charcoal
(Ca), ion exchange resin (IER), sodium bentonite (SB),
and CTAB pillared SB (CTAB@SB), was assessed. When
the hydrolysate was treated with the above-mentioned
adsorbents, the concentration of acetic acid, furfurals,
HMF, and phenolics reduced significantly in all the
treatments. The interaction of hydrolysate with lignite,
IER, and Ca led to a high xylose reduction (59.39%,
41.67%, and 38.7%, respectively) when compared with
control, thereby compromising with the concentration
of xylitol precursor. The IER exhibited highest remov-
al of phenolic compounds and HMF. The lowest phe-
nolics removal was observed with biochar treatment
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Figure 5. NMR of a. White wheat beer and b. Black wheat beer.

followed by SB-assisted detoxification. The maximum
reduction in the concentration of acetic acid and fu-
ran inhibitors was observed when the hydrolysate was
treated with organobentonite, i.e,, CTAB@SB (Table 4).

Characterization of adsorbent: The adsorbents, sodi-
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um bentonite (SB), organobentonite (CTAB@SB), and
CTAB@SB post-hydrolysate detoxification (CTAB@
SB-H), were characterized for functional group deter-
mination using Fourier transform infrared spectrosco-
py (FTIR). Fig. 6a, indicates successful combination of
bentonite and CTAB, as well as adsorption of inhibi-
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Detoxification | Concentration (g/L)
treatments

Glucose Xylose Arabinose | Acetic acid HMF Furfurals Phenolics
Control 1.11£0.09 16.87£1.5 2.66+0.27 4.95+0.35 0.711+0.14 0.236+0.02 1.21£0.07
Biochar 0.58a+0.04 | 12.41b+0.42 | 1.12¢+0.01 | 0.057b +£0.01 | 0.053a2+0.03 | 0.016a +£0.00 | 0.54a +£0.03
Lignite 0.19¢ +0.01 | 6.85d +0.61 1.01c +£0.01 | 0.043¢ +0.01 0.051a+0.01 | 0.023a+0.01 | 0.42ab+0.01
Activated 0.58a+0.03 | 10.34c +0.82 | 1.27¢+0.01 | 0.082a+0.02 | 0.024b +0.01 | 0.016a +0.00 | 0.50bc+0.02
charcoal (A.)
Ton-exchange 0.34b £0.03 | 9.84c +0.17 1.43¢ £0.01 | 0.064b+0.02 | N.D. 0.028a +£0.01 | 0.46¢ +0.01
resins (IER)
Sodium 0.28b +0.03 | 13.79b+0.37 | 2.34b+0.04 | 0.062b +0.01 | 0.028b+0.01 | 0.017a+0.01 | 0.52ab+0.01
bentonite (SB)
Activated sodium | 0.18¢+0.02 | 16.23a+0.22 | 2.96a+0.22 | 0.023d +0.01 | N.D. N.D. 0.50bc +£0.02
bentonite
(CTAB@SB)

 forq a1 7€ ot it o6 SB, CTAB@SB, 31k CTAB@SB -H %1 € (fort
6b)1 26 (°) = 19.8° W UTY 7Y, I7E¥NYOT ¥R 7 SB o Wiy = o
A=A T8 o &9 5 Wehe fopar, sTeifor 20.1° 3R 26.6° W ffereht
gTgatiemTEe i Url Tl CTAB@SB -H ® fafee fhweea =ror
Foptad fery T 9, St 20 (°) = 17.3°, 20.7°, 21.6°, 24.2°, 24.6°, 3T
25.8° T Hehrot fetharr Rt g faw@my g & | CTAB g1 geeri
T % o CTAB it oh1 Thet 37a¥ad= 31 U8 3 weT §IRT ol T8
off, St FTIR Wergel T oot o 1o 9rd &t W@ off | CTAB@SB-H &
0T G CTAB@SB Rl foheati= Ta o 919 Ueh Wiy e a anté
oot 1Rt o fer o

Wity seAmEe (SB), CTAB@SB, 3R CTAB@SB -H
TR Eer fasioor (S1siw) o uiors form 78 e @ | SB shasi
% (200 °C o = ATIHM W) & Yeet ol T FTRIgE el deiTge i
Ag W (STTGH ) 3K FUhT GTETH Tl o aird (b ST
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G ST T | T3%I01 o6 SR AUelATee & 9 AT THE S hoil
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Table 4. Effect of detoxification treatments on sugar (glucose, xylose, and arabinose) and inhibitor (acetic
acid, furfural, HMF, and phenolics) concentrations in acid hydrolysate.

Detoxification | Concentration (g/L)
treatments

Glucose Xylose Arabinose | Acetic acid HMF Furfurals Phenolics
Control 1.11£0.09 16.87+1.5 2.66+0.27 4.95+0.35 0.711+0.14 0.236+0.02 1.21+0.07
Biochar 0.58a+0.04 | 12.41b+0.42 | 1.12¢ +0.01 | 0.057b £0.01 | 0.053a+0.03 | 0.016a+0.00 | 0.54a +0.03
Lignite 0.19¢ £0.01 | 6.85d +0.61 1.01c £0.01 | 0.043¢+0.01 | 0.051a+0.01 | 0.023a+0.01 | 0.42ab+0.01
Activated 0.58a2+0.03 | 10.34¢ +0.82 | 1.27¢+0.01 | 0.082a+0.02 | 0.024b +0.01 | 0.016a +0.00 | 0.50bc+0.02
charcoal (A.)
Ton-exchange 0.34b +0.03 | 9.84c £0.17 1.43¢ £0.01 | 0.064b+0.02 | N.D. 0.028a +£0.01 | 0.46¢ +0.01
resins (IER)
Sodium 0.28b +0.03 | 13.79b+0.37 | 2.34b+0.04 | 0.062b +0.01 | 0.028b +0.01 | 0.017a+0.01 | 0.52ab+0.01
bentonite (SB)
Activated sodium | 0.18¢ +£0.02 | 16.23a+0.22 | 2.96a+0.22 | 0.023d £0.01 | N.D. N.D. 0.50bc +0.02
bentonite
(CTAB@SB)

tors on the synthesized composite. The native clay (SB)
displayed distinctive bands characteristic to Si-O-Si
groups (1041 cm™), O-H groups (3255 cm™), and Al-O
groups (1006 cm™), signifying the clay mineral struc-
ture in bentonite. The spectral bands at 2918, 1472,
and 711 cm™ corresponding to C-H, C-N, and C-C
groups of CTAB represented successful intercalation
of bentonite layers with the surfactant in the resultant
organobentonite structure (CTAB@SB). CTAB@SB dis-
played a complex FT-IR spectrum comprising com-
plex bands of functional groups indicating the pres-
ence of both bentonite and CTAB. The band intensities
of CTAB@SB-H (around 1006, 1472, 2918, and 3255
cm™') decreased upon hydrolysate loading on organo-
bentonite because the functional groups, particularly
those of CTAB, were occupied by inhibitor molecules.
The absorptions between 719 and 1036 cm-1 were as-
cribed to the stretching and angular deformations of
Si-O-Si and Si-O-Al bonds of CTAB@SB-H. Additionally,
the obvious fluctuation reported in the original posi-
tions of bentonite and CTAB bands indicated a strong
interaction between the two compounds.

The X-ray diffraction (XRD) patterns were exam-
ined to inspect structural features of SB, CTAB@SB,
and CTAB@ SB-H (Fig. 6b). The absorption peaks ob-
served at 28 (°) = 19.8° exhibited montmorillonite as
the prominent phase of SB with SiO2 being observed
at 20.1°and 26.6°. The characteristic crystalline phases
were affirmed in CTABSB which were indicated by
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narrow diffraction peaks at 26 () = 17.3°, 20.7°, 21.6°,
24.2° 24.6°, and 25.8°. With the introduction of CTAB,
an enhancement in the interlayer spacing of the native
bentonite for 26 value of basal spacing (d001 = 4.36 A,
8.47A for SB and CTAB@SB, respectively) was clearly
observed that was shifted to smaller diffraction angles.
Successful intercalation of CTAB cations between the
layered structural space of sodium bentonite was thus
confirmed by this phenomena, which appeared to be
consistent with FT-IR spectral analysis. The phase in-
tegrity of CTAB@SB-H was consistent with CTAB@SB
crystalline structure without any significant deviation
from the principal peaks. The results of thermogravi-
metric analysis (TGA) of SB, CTAB@SB, and CTAB@
SB-H are depicted in Fig. 7. The initial decline in weight
% (at temperature below 200 °C) of SB occurred due
to the removal of water on the surface of bentonite
(adsorbed water) and between its structural layers (free
water). The organobentonite, CTAB@SB, demonstrat-
ed an obvious weight loss at 210 °C ascribed to the
decomposition of the physically adsorbed cationic sur-
factant (CTAB) on the bentonite surface. The TGA curve
of CTAB@SB-H exhibited a prominent thermal weight
loss of ~ 66.1% between 190 and 270 °C due to decom-
position of surfactant and other organic molecules ad-
hered to the sample surface. The adsorbed hydrolysate
contents offered relatively higher thermostability to
the organobentonite, thereby suggesting their molec-
ular entrapment within the interlayer of CTAB@ SB-H.
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Figure 6. Fourier transform infrared (FT-IR) spectra and b. X-ray diffraction (XRD) patterns of SB (black), CTAB@SB (red), and

CTAB@SB-H (blue).

Morphological, adsorption and cation exchange
properties: The morphological features of SB, CTAB@
SB, and CTAB@SB-H were examined by surface elec-
tron microscopy. Large irregular aggregates of benton-
ite mixed with smaller particles (ranging approximate-
ly between 10 and 40 pm) were observed during the
analysis. The average particle size of the adsorbing clay
particles decreased after CTAB modification, exhibiting
small squamous/platelet-shaped and densely stacked
particles (Fig. 8b). The micrographs thus suggested

disaggregation of bentonite particles after its surfac-
tant-assisted modification to generate CTAB@SB, dis-
playing a rough textured surface. Fig. 8c presents ran-
dom adhesion of fine particles (elliptical to spherical
shapes) adsorbed from hemicellulosic hydrolysate as
decorated grains on the surface of modified bentonite
highlighting the intercalation properties of CTAB@SB.
The BET analysis of samples (Table 5) revealed that the
specific surface area and pore size of SB (58.56 m?g™',
544 nm) was higher than that of CTAB@SB (31.73
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Figure 7.Thermogravimetric curves of SB, CTAB@SB, and
CTAB@ SB-H (represented in black, red, and blue colors, re-

spectively).
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SB 58.86 0.048
CTAB@SB 31.73 4.45 0.076
CTAB@SB-H 19.53 3.19 0.025
AT 6. STECS HHETA % IR IUTG GIT0T
Parameters CTAB@SB-detoxifed Control (synthetic) media
paddy straw hydrolysate

Inoculum size (g L—1) 5.0 5.0

Initial xylose titer (g L—1 16.47 20.0

Fermentation time (h) 96 72

Maximum xylitol titer (g | 9.88 13.98

L-1)

Xylitol yield (g g—1) 0.59 0.69

Xylitol productivity (g L—1 | 0.81 0.88

h-1)
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Figure 8. Scanning electron micrographs of a SB, b CTAB@SB, and ¢ CTAB@SB-H.

m2g', 445 nm). The long hydrocarbon chain of the
organic surfactant and its large molecular size could
be responsible for the adsorption amounts of phenolic
compounds and furfurals by CTAB@ SB. The uptake of
hydrolysate inhibitors could be ascribed to the hydro-
phobic interactions mediated by the alkyl ammonium
chains intercalated between the bentonite layers, as
suggested by FTIR and XRD analysis. Thus, the alkyl
chain length of the surfactant resulted in higher ad-

sorption capacity of CTAB@SB.

Xylitol production from detoxifed paddy straw
hemicellulosic hydrolysate: Fermentability of de-
toxifed, xylose enriched paddy straw hydrolysate and
control media (containing synthetic xylose) using C.
tropicalis MTCC 6192 was assessed at optimized con-
ditions (temperature: 30 °C; shaking speed:150 rpm;
time: 120 h). Highest xylitol concentration of 9.88 gL'

Table 5. Surface property measurements (physisorption analysis) of SB, CTAB@SB, and CTAB@

SB-H.
Sample Surface area M?/g Pore size (nm) | Pore volume (cm’g™?)
SB 58.86 0.048
CTAB@SB 31.73 4.45 0.076
CTAB@SB-H 19.53 3.19 0.025

Table 6. Product synthesis variables during xylose fermentation.

Parameters CTAB@SB-detoxifed Control (synthetic) media
paddy straw hydrolysate

Inoculum size (g L—1) 5.0 5.0

Initial xylose titer (g L—1 16.47 20.0

Fermentation time (h) 96 72

Maximum xylitol titer (g | 9.88 13.98

L-1)

Xylitol yield (g g—1) 0.59 0.69

Xylitol productivity (g L—1 | 0.81 0.88

h-1)
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Figure 9. Fermentation profile of C. tropicalis MTCC 6192 for xylose utilization and correspond-
ing xylitol production in detoxified paddy straw hydrolysate and synthetic control media.

(59.98% fermentation yield and 0.81 gL' h™' productivi-
ty) and 13.98 gL' (69% fermentation yield and 0.88 gL™'
h™ productivity) was achieved in the hydrolysate and
control media, respectively (Table 4). A regular increase
in the xylitol yield was observed until 72 h and 96 h of
fermentation for control media and paddy straw hy-
drolysate, respectively (Fig. 9). These results confrm the

applicability of CTAB@ SB-assisted detoxification of
hemicellulosic paddy straw hydrolysate in bioproduc-
tion of xylitol. Even though xylitol production using C.
tropicalis in other studies has been reported in a com-
parable range, 0.58-0.75 gL' yield and 0.24-2.01 gL 'h™!
productivity, drawing a direct correlation between all
the studies is somewhat difficult. The hydrolysates in

%7

. B

e 8 8 3 502 8 8 B

Figure 10. (i) SEM image of kinnow peel powder (A), commercial pectin (B) & extracted
pectin (C), (ii) FT-IR of commercial (A) and extracted (B) pectin, (iii) TGA of commercial (A)
and extracted (B) pectin (iv) XRD of commercial (A) and extracted (B) pectin.
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Figure 11. XRD of commercial (A) and extracted (B) pectin.

these experimental set-ups are constituted of variable
types and amounts of inhibitors. Because of which,
microorganisms show different tolerance capacities to
variably processed raw materials.

Future scope: To test the inhibitor removal efficacy of
surfactant modified bentonite clay at highly concen-
trated hydrolysate liquor.

Sustainable Process for Kinnow Peel Pectin Ex-
traction by Microwave: Optimization, physio-chemical
characterization, and rheology analysis: Kinnow peel
is a by-product which is under-utilized in the kinnow
juice industry and is contributing to the fruit waste pro-
duction. The pectin extracted from kinnow peel can
be utilized in preparing edible films, hydrogels and
commercial pectin production. This study is focused
to develop potential high methoxyl pectin which was
structurally as par commercial pectin, in short duration
of time with the help of microwave.

Optimization of Pectin Extraction from Kinnow Peel:
On the basis of variations in temperature, time, pH,
and the ratio of supernatant to ethanol, the extraction
conditions were optimised. Various factors that influ-
ence yield are taken into account in order to maximise
production. While one variable is optimised, the other
variables are held constant. The four variables that im-
pact pectin yield-pH, temperature (°C), time (minutes),
and extraction ratio (supernatant:ethanol)—were var-
ied throughout the tests. The highest pectin yield was
9.81% and it was produced at 110°C and 2.2 pH for 10
minutes while maintaining a pulse ratio of 10/10.

Physio-chemical Characterization: The extracted kin-
now peel pectin was characterized on the basis of
equivalent weight, methoxyl content, degree of esteri-
fication and galacturonic acid. For the characterization
of extracted pectin SEM, FT-IR, TGA and XRD methods
were applied. Commercial pectin set as standard for
every step of characterization of extracted pectin from
kinnow peel.
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Rheological Analysis of extracted pectin: Rheologi-
cal investigation was performed using a rneometer at
a shear rate valve range of O to almost 150 s at 25 °C.
The obtained findings demonstrated that the apparent
viscosity of both commercial and microwave-extract-
ed pectin increases with increasing pectin content,
however viscosity of both samples reduces and fluid
behaves as pseudoplastic when shear rate is applied.
As indicated in Fig. 11, shear rate (>100 s™) did not
significantly alter apparent viscosity. The enhanced in-
teractions between lengthy, unevenly oriented chains
of pectin polymers at low shear rates can be used to
explain the observed shear-thinning tendency. The co-
hesiveness between polymer chains weakens and their
connections deteriorate as mechanical stress increas-
es. The consequence would be a decrease in viscosi-
ty as a three-dimensional network of polysaccharide
molecules would align in the direction of flow.

Future scope: Product development and incorpora-
tion into food products.

Salient Achievements

¢ Developed a fermented beverage from anthocyanin-rich
black wheat.

¢ Black wheat wort contained 568 mg GAE/L total pheno-
lic content, 4.67 mg/L anthocyanin and 6.8% (v/v) alcohol.

¢ The developed fermented beverage has enormous com-
mercialization potential.

¢ CTAB@SB performed as the best detoxifying adsorbent.

¢ Maximum amount of xylose (16.23 gL™") was retained
upon detoxification with CTAB@SB.

¢ Almost complete removal of furfural and hydroxymeth-
ylfurfural contents.

¢ Xylitolyield of 0.59 g g™' was achieved upon fermentation
of detoxified hydrolysate using Candida tropicalis MTCC
6192.

¢ Highest pectin yield of 9.81% was achieved.

¢ Life cycle assessment study predicted, ethanol account-

ed for 49% of the overall impact.
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Publications from CIAB

RESEARCH PAPERS

*

Singh A, Rai SK, Yadav Sudesh Kumar* (2022). Metal-based mi-
cro-composite of L-arabinose isomerase and L-ribose isomerase
for the sustainable synthesis of L-ribose and D-talose. Colloids
and Surfaces B: Biointerfaces 217, 112637

Mehta D, Shivhare US, Yadav Sudesh Kumar* (2022). A statisti-
cal and neural network-assisted sustainable integrated pro-
cess-based on ‘zero solid waste’ for the extraction of polyphe-
nols, dietary fiber and xylooligosaccharide from de-oiled rice and
corn bran. Journal of Food Measurement and Characterization
16,4208-4224

Guleria P, Kaur S, Sidana A, Yadav Sudesh Kumar* (2022). Xylitol
production from rice straw hemicellulosic hydrolysate by Candi-
da tropicalis GS18 immobilized on bacterial cellulose-sodium al-
ginate matrix. Biomass Conversion and Biorefinery, 1-11

Kaur S, Guleria P, Sidana A, Yadav Sudesh Kumar* (2022). Effi-
cient process for xylitol production from nitric acid pretreated
rice straw derived pentosans by Candida tropicalis GS18. Biomass
and Bioenergy 166, 10661 22

Purohit A, Yadav Sudesh Kumar* (2022). Genome sequencing
of a novel Microbacterium camelliasinensis CIAB417 identified
potential mannan hydrolysing enzymes. International Journal of
Biological Macromolecules 208, 219-229 23.

Mehta D, Purohit A, Bajarh P, Yadav K, Shivhare US, Yadav Sudesh
Kumar* (2022). Cold plasma processing improved the extraction
of xylooligosaccharides from dietary fibers of rice and corn bran
with enhanced in-vitro digestibility and anti-inflammatory re-
sponses. Innovative Food Science and Emerging Technologies 78,
103027 25.

Mehta D, Chaturvedi K, Sidana A, Shivhare US, Yadav Sudesh
Kumar* (2022). Processing treatment of atmospheric- and vacu-
um-cold plasma improved physical properties, glucose diffusion
and fermentability of dietary fibers extracted from de-oiled rice
and corn bran. Bioactive Carbohydrates and Dietary Fibres 28,
100326

Sharma N, Pooja, Yadav Sudesh Kumar* (2022) Conventional and
emerging novel techniques for the extraction of pectin and ap-
plications of pectin. Austin Journal of Biotechnology and Bioen-
gineering 9, 1115

Bhatia, S, Yadav Sudesh Kumar* (2023). CRISPR-Cas for genome
editing: Classification, mechanism, designing and applications.
International Journal of Biological Macromolecules 124054
Bhatia, S, Purohit, A, Yadav Sudesh Kumar* (2023). Kinetic Char-
acterization of a Lytic Polysaccharide Monooxygenase Reveals a
Unique Specificity for Depolymerization at -O-4 of Lignin Com-
pounds. ACS Sustainable Chemistry & Engineering, 11, 4398-4408
Singh, A, Yadav Sudesh Kumar* (2023). Immobilization of L-ribose
isomerase on the surface of activated mesoporous MCM41 and
SBAT15 for the synthesis of L-ribose. Journal of Biotechnology, 362,
45-53

Rai, SK, Singh, A, Kauldhar, BS, Yadav Sudesh Kumar* (2023). Ro-
bust nano-enzyme conjugates for the sustainable synthesis of a
rare sugar D-tagatose. International Journal of Biological Macro-
molecules, 231, 123406

Garg, R, Rana, H., Singh, N, & Goswami, S. (2023). Guargum/
nanocellulose based novel crosslinked antimicrobial film with
enhanced barrier and mechanical properties for food packaging.
Journal of Environmental Chemical Engineering, 11(2), 109254.
Anjana, Shristhi Rawat, Saswata Goswami. (2022) “In-silico analysis
of a halophilic bacterial isolate-Bacillus pseudomycoides SAS-B1
and its polyhydroxybutyrate production through fed-batch ap-
proach under differential salt conditions”. International Journal of
Biological Macromolecules. DOI:10.1016/j.ijbiomac.2022.12.190
Harshdeep Rana, Amita Sharma, Subhasish Dutta, Saswata
Goswami. “Recent approaches on the application of agro waste
derived biocomposites as green support matrix for enzyme im-
mobilization”. Journal of Polymers and the Environment (2022).
DOI: 10.1007/s10924-022-02574-3

K. Saini, S. Kumar, R. Kaur, S. A. Babu and S. Saravanamurugan,
‘Accelerated H2 activation over Pt/M-ZrO2 for the reductive ami-
nation of levulinic acid esters under benign conditions,” Catal. Sci.
Technol. 13 (2023) 1666.

H. Ali, T. Vandevyvere, J. Lauwaert, S. K. Kansal, M. K. Sabbe, S.
Saravanamurugan, J. W.Thybaut, ‘Enhancing the anisole hydrode-
oxygenation activity over Ni/Nb205-x by increasing the number
of oxygen vacancy sites,” Catal. Sci. Technol. 13 (2023) 1140.

R. Gautam, P. Pal and S. Saravanamurugan, ‘Enhanced Catalyt-
ic Activity of Modified ZSM-5 Towards Glucose Isomerization to
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Fructose,” ChemPlusChem 88 (2023) e202200299.

Y. Meng, Y. Jian, J. Li, H. Wu, S. Saravanamurugan, S. Yang, H. Li,
‘Surface-active site engineering: Synergy of photo- and supermo-
lecular catalysis in hydrogen transfer enables biomass upgrading
and H2 production,” Chem. Eng. J. 452 (2023) 139477.

S. Kumar, K. Saini, S. Saravanamurugan, X. Zhang, and S. K. Kansal,
‘Nanostructured Functionalised Niobium Oxide as Chemoselec-
tive Catalyst for Acetalation of Glucose, Top. Catal. 65 (2022) 1994.
Y. Jian, Y. Meng, J. Li, H. Wu, H. Zhang, S. Saravanamurugan, S.
Yang, and H.Li, ‘Engineering oxygen vacancy and crystal surfaces
for TiO2-based photocatalysts for enhanced photocatalytic hy-
drogenation of bio-based carbonyls to biofuels,’ J. Environ. Chem.
Eng. 10 (2022) 108837.

P. Pal, H. Li and S. Saravanamurugan, ‘Removal of Lignin and Silica
from Rice Straw for Enhanced Accessibility of Holocellulose for
the Production of High-Value Chemicals,’ Bioresour. Technol. 361
(2022) 127661.

P. Pal and S. Saravanamurugan, ‘Enhanced Basicity of MnOx Sup-
ported Ru for the Selective Oxidation of HMF to FDCA, ChemSus-
Chem, 15 (2022) e202200902.

Selim, Abdul, Raina Sharma, Senthil Murugan Arumugam, Sasi-
kumar Elumalai, and Govindasamy Jayamurugan. Sulphonated
Carbon Dots Synthesized Through a One-Pot, Facile and Scalable
Protocol Facilitates the Preparation of Renewable Precursors
Using Glucose/Levulinic Acid. ChemistrySelect 7, no. 19 (2022):
€202104448.

Sharma, Raina, Abdul Selim, Bhawana Devi, Senthil M. Aru-
mugam, Shaifali Sartaliya, Sasikumar Elumalai, and Govindasamy
Jayamurugan. Realizing direct conversion of glucose to furfurals
with tunable selectivity utilizing a carbon dot catalyst with dual
acids controlled by a biphasic medium. Biomass Conversion and
Biorefinery (2022): 1-13.

Palanisami, Muthukumaran, Kamaljit Kaur, Bandana Kumari
Sahu, Sarita Kataria, Mahima Chandel, Arun Sharma, Sasikumar
Elumalai, Ramasamy Ramaraj, and Vijayakumar Shanmugam.
Excellent enzymeless anti-oxidant sensor for fruit juice and wine
using nano gold/metal selenide urchins decorated 2D-compos-
ite. Microchemical Journal 183 (2022): 108078.

Kumar, Sandeep, Senthil M. Arumugam, Shelja Sharma, Sangee-
ta Mahala, Bhawana Devi, and Sasikumar Elumalai. Insights into
the kinetics and mechanism of spermine (base)-catalyzed D-fruc-
tose interconversion to low-calorie D-allulose. Molecular Catalysis
533 (2022): 112757.

Reddy, Y. N.#, De, A;# Paul, S; Pujari, A; Bhaumik, 3.* In-situ Na-
noarchitectonics of MOF Hydrogel: A Self-Adhesive and pH-Re-
sponsive Smart Platform for Phototherapeutic Delivery. Biomac-
romolccules 2023, ASAP article (#Equal contribution)

Reddy, Y. N, Kirar, S.#; Thakur, N. S#; Patil, M. D.; Bhaumik, J.*
“Sunlight Assisted Photocatalytic Degradation of Lignin using
Recyclable Light Harvesters.” ACS Sus. Chem. Eng, 2023, DOI:
10.1021/acssuschemeng.2c05917, (#Equal contribution)
Chandna, S,; Paul, S; Kaur, R; Gogde, K; Bhaumik, J.* Photody-
namic Lignin Hydrogels: A Versatile Self-Healing Platform for Sus-
tained Release of Photosensitizer Nanoconjugates. ACS Applied
Polymer Materials, 2022 DOI: 10.1021/acsapm.2c01319.

De, A; Paul, S; Reddy, Y. N.; Sharma, V.; Bhaumik, 3.*; Tippavajhala,
V. K* Lung-on-chip: Its current and future perspective on phar-
maceutical and biomedical applications, Journal of Drug Delivery
Science and Technology, 2022, 103930.

Kirar, S.; Reddy Y. N; Banerjee, U. C,, Bhaumik, J. Development of
Heterocyclic BODIPY-based Polymeric Nanoparticles for Patho-
gen Inhibition using Photodynamic Therapy. ChemPhotoChem,
2022, DOI:10.1002/cptc.202200172.

S Jatav, N Pandey, P Dwivedi, A Akhtar, Jyoti, R Singh, R Bansal,
BB Mishra,* Synthesis of deoxy-andrographolide triazolyl glyco-
conjugates for the treatment of Alzheimer’s disease, ACS Chemi-
cal Neuroscience 2022, 13, 3271-3280.

N Pandey, P Dwivedi, Jyoti, M Singh, D Kumar, VK Tiwari, BB Mish-
ra,* Click chemistry inspired synthesis of hydroxyanthracene tri-
azolyl glycoconjugates, ACS Omega 2022, 7, 37112.

Thakur M, Rai AK, Singh SP (2022) An acid-tolerant and cold-ac-
tive B-galactosidase potentially suitable to process milk and whey
samples. Applied Microbiology and Biotechnology 106, 3599-
3610 (IF 5.56)

Sharma N, Sahoo D, Rai AK, Singh SP (2022) A highly alkaline
pectate lyase from the Himalayan hot spring metagenome and
its bioscouring applications. Process Biochemistry 115, 100-109
(IF 4.885)

Kaushal G, Thakur M, Rai AK, Singh SP (2022) A comprehensive
metagenomic analysis framework revealing microbiome profile
and potential for hydrocarbon degradation and carbohydrate
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metabolism in a Himalayan artificial lake. Sustainability 14,
11455. (IF: 32.889)

Singh AK, Kumari M, Sharma N, Rai AK, Singh SP (2022) Metag-
enomic views on taxonomic and functional profiles of the Hima-
layan Tsomgo cold lake and unveiling its deterzome potential.
Current Genetics 68(5-6), 565-579 (IF 2.695)

Sharma N, Kumari N, Thakur M, Rai AK, Singh SP (2022) Molecular
dissemination of emerging antibiotic, biocide, and metal co-resi-
stomes in the Himalayan hot springs. Journal of Environmental
Management 307, 114569 (IF 8.91)

Chourasia R, Padhi S, Phukon LC, Abedin MM, Sirohi S, Singh SP,
Rai AK (2022) Peptide candidates for the development of ther-
apeutics and vaccines against B-coronavirus infection. Bioengi-
neered 13(4), 9435-9454 (IF 3.269)

Chourasia R, Phukon LC, Abedin MM, Padhi S, Singh SP, Rai AK
(2022) Whey valorization by microbial and enzymatic bioprocess-
es for the production of nutraceuticals and value-added prod-
ucts. Bioresource Technology Reports 19, 101144

Plants as bioreactors for industrial molecules. Wiley. 2023. ISBN
9781119875086. Editors: Upadhyay SK, Singh SP

Singh A, Singh S, Kansal S.K, Garg M,, Krishania M.* Production
and characterization of anthocyanin-rich beer from black wheat
by an efficient isolate Saccharomyces cerevisiae CMS12. Scientific
reports 13 (2023) 5863

Kaur, G, Krishania, M., Taggar, MS., Kalia, A. Adsorptive removal of
inhibitors from paddy straw hydrolysate using surfactant modi-
fied bentonite clay for fermentative xylitol production. Biomass
Conversion and Biorefinery, https://doi.org/10.1007/s13399-023-
04618-7.
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Patents from CIAB

Patents Granted

*

*

A process for production of improvised thermoplastic starch and
its derivatives from rice straw derived nanocellulose. Patent No-
201911016698. Inventors: S Goswami, Amita Sharma, Manisha
Thakur

A process for production of fructooligosaccharides and levan
from plant biomass or fully or partially processed products or
by-products or residues by employing levansucrase from Leuco-
nostoc mesenteroids MTCC10508, and uses thereof. Indian Pat-
ent Appl. No. 201811000595, Indian Patent No. 42424. Inventors:
Singh SP, Jadaun JS, Narnoliya LK

A process for magnetic particle immobilization of Smt3-dpsicose
3-epimerase enzyme and post-reaction recovery and recycled
use of the immobilized enzyme for production of d-psicose from
biomass or bioresource or agro-industrial products or residues,
and uses of the same. Indian Patent Appl. No. 201611044752;
Patent No. 431979. Inventors: Singh SP, Sangwan RS, Patel SN,
Singhal N.

Patents filed

A process for the fabrication of gelatin based novel bio compos-
ite with apple pomace derived nanocellulose for wound dress-
ing application. Indian Patent Appl. 202211066603. Inventors:
Goswami S, Rana H

A process for the preparation of guar gum based self-assembling
hydrogel with apple pomace derived nanocellulose to absorb dye
pollutants from waste water. Indian Patent, Appl. 202211066604,
Inventors: wami S, Rana H, Anamika

Process for the production of nanofilms through agro-biomass
derived lignin and applications thereof, Indian patent applica-
tion no: 202211070754, Inventors: Bhaumik J, Goswami S, Kirar
S, Singh M, Mohne D.

A Biocatalytic Process for the Production of w-Amino Fatty Ac-
ids, Precursors of Nylon Bioplastics, Indian patent application no:
202211067282, Inventors: Mahesh D. Patil, J. Bhaumik, Meenal,
Synthesis of lignin-based bio-nano-fertilizers and bio-nano-pes-
ticides and applications thereof, Indian patent application no:
202211066111, J. Bhaumik, Kaur, R, De, A, Paul, S., Pujari, A. K,
Gogde, K.

In situ enrichment of mosquito repellant para-menthane-3,8-di-
ols in citronella (Cymbopogan winterianus) essential oil, Indian
Patent, Application No. 202111012965.

Food grade dye from Butea Monosperma (Lam.) Kuntze (Palash),
Indian Patent, Application No. 202211005755.

A process for lactose hydrolysis and processing of milk and whey
by employing a novel acid and cold active B-galactosidase. Indian
Patent Appl. No. 202211022166 Inventors: Singh SP, Monika, Rai
AK

A process of pectin depolymerization by employing a novel en-
dopolygalacturonase and uses thereof. Indian Patent Appl. No.
202211020358. Inventors: Singh SP, Sharma N.

One pot ozone assisted microconstituent dislodgement from
biomass hydrolysate in bioprocessing system and use thereof”.
Indian Patent Appl. No. 202211066184. Inventor: Meena Krisha-
nia and Saumya Singh.

“Bioactive pigment production from rice straw and uses thereof”.
Indian Patent Appl. No0.202311033899. Inventor: Meena Krisha-
nia, Saumya Singh, Umesh Singh.
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Extramural Grants and Fundings

DST Funded Ongoing Project “Agro-biomass derived lignin based
low -cost, water -resistant self-cleaning nano films- going

Lignin valorization via biomaterial development, depolymeriza-
tion and green technology

Mr. Samuel Keniyan (from Kenya) joined since September 2022
under the flagship of DBT-TWAS Sandwich Programme
Research grant from Department of Biotechology (Govt of India)
on lignin valorization, multi institutional (6) project, role Project
coordinator, amount INR 4 crores, project sanctioned (2023-
2026).

Research grant from Korean Ginseng Society, project continuing
(2021-2022) [Role: PI]

DBT Nanoagri grant, 60 lakhs (INR), project continuing (2021-
2024) [Role: Co-PI]

DST-Agrotech grant, 60 lakhs (INR), project continuing (2020-
2022) [Role: PI]

M/ K/ Bhan fellowship mentor (2021-2024)

Development of novel high-level secretary expression system and
continuous production of antidiabetic sugar, D-allulose. Principal
Investigators: Dr. SP Singh and Co-Pl: Dr. BB Mishra. Total cost
Rs. 4943280. Funding agency: SERB, Department of Science and
Technology, Government of India.

SERB project CRG/2021/008593 on Development of novel
high-level secretary expression systems and continuous produc-
tion of anti-diabetic sugar, D-allulose for three years.
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Invited Talks by CIAB Faculty

*

Simran Bhatia, Anjali Purohit, Sudesh Kumar Yadav*. Detailed
insights into the catalytic potential of LPMO-AOAA17 for degra-
dation of phenolic -O-4 lignin dimer. International Conference
on Biotechnology, Sustainable Bioresources and Bioeconomy
(BSB2-December, 2022)

Simran Bhatia, Anjali Purohit, Sudesh Kumar Yadav*. Channelling
the unique potential of a novel thermo-stable LPMO-AOAA17 for
depolymerisation of -O-4 linkage of lignin: Paving way for lignin
valorisation. International Conference on Food and Nutritional
Security - iIFANS-2023 (JANUARY 6-9, 2023)

Anjali Purohit, Sudesh Kumar Yadav*. Mining the genome of
Microbacterium sp. CIAB417 for mannan hydrolyzing enzymes.
International Conference on Biotechnology, Sustainable Biore-
sources and Bioeconomy (BSB2-December, 2022).

Anjali Purohit, Sudesh Kumar Yadav*. Genome mining of Micro-
bacterium sp. CIAB417 for mannan deconstructing enzymes.
International Conference on Food and Nutritional Security - iF-
ANS-2023 (JANUARY 6-9, 2023)

Aishwarya Singh, Shushil Kumar Rai, Sudesh Kumar Yadav*. Mi-
cro-composite prepared by blending enzyme and metal: A sus-
tainable biocatalyst for the synthesis of rare sugars L-ribose and
D-talose. International Conference on Biotechnology, Sustainable
Bioresources and Bioeconomy (BSB2-December, 2022).

Ms. Suvoshree Mukherjee. Selected for the workshop on ‘Hands-
on Training programme on Bioprocessing 2022"Venue- DBT Cen-
tre of Excellence for Biopharmaceutical Technology, IIT Delhi.
(20th to 24th June, 2022).

Organised by National Biopharma Mission, Biotechnology Indus-
try Research Assistance Council (BIRAC)

Aishwarya Singh, Shushil Kumar Rai, Sudesh Kumar Yadav*. Syn-
thesis of rare sugars L-ribose and D-talose: a sustainable process
based on micro-composite. International Conference on Food
and Nutritional Security - iIFANS-2023 (JANUARY 6-9, 2023)

Dr S. Saravanamurugan Delivered a talk entitled ‘Catalytic Bio-
mass Valorisation: An Imperative Future Direction' Chem@Nano
‘22, Annual Meeting of Energy & Environment Unit, Institute of
Nano Science and Technology (INST), India, during September
22 & 23,2022.

Bhaumik, J. Agri-waste lignin based nano-fertilizers and na-
no-pesticides for applications in sustainable agriculture. 15th
IUPAC International Congress of Crop Protection Chemistry,
ICAR-IARI, March 14-17, 2023 (Invited speaker)

Bhaumik, J. Agri-Waste Based Low-Cost Functional Materials for
Indian Market. Mentor Connect Series, KIIT-Technology Business
Incubator, Bhubaneshwar, February 1, 2023, online. (Super Men-
tor, invited speaker)

Bhaumik, J. Agri-biomass derived nanofertilizers and nanopesti-
cides for use in sustainable agriculture. International Conference
on Food and Nutritional Security (iIFANS-2023), NABI-CIAB Cam-
pus, Mohali, January 6-9, 2023 (Invited speaker)

Bhaumik, J. Lignin Nanoparticle Assisted Smart Delivery of Gin-
seng to Eradicate Bacterial Infection. 13th International Sympo-
sium on Ginseng. Seoul. South Korea, October 27, 2022. (attend-
ed online as Invited speaker)

Bhaumik, J. Paul, S, Kaur, S, Chandna, S. Kirar, S. and Reddy, Y.
N. American Chemical Society Meeting, Fall 2022, Engineering
agro-biomass based lignin derived coating materials as effective
renewables, Chicago, IL, USA, August 21-25, 2022. (Presentation)
Bhaumik, J. Solving Agri-Waste Problems with Chemistry Tools:
Development of Lignin Derived Functional Materials and Plat-
form Chemicals 29th CRSI-NSC and CRSI-ACS Symposium Series
in Chemistry, IISER Mohali, in a special session ‘Women in Chem-
ical Sciences’. IISER Mohali. July 7-9, 2022. (Invited speaker)
Bhaumik, J. Agri-biomass based lignin derived nano and func-
tional materials for coating applications, Biomaterials Online
Conclave 2022, National Centre for Nanoscience and Nanotech-
nology, University of Madras, Chennai, Tamil Nadu, March 17-22,
2022 (Invited speaker)

Bhaumik, J. Engineering Agro-Biomass based Functional Mate-
rials as a Contribution to Sustainability, National Conference on
Current Advances in Life Sciences NCCALS-2022 SRM Institute of
Science and Technology, March 4-5, 2022 (Invited speaker)
Bhaumik, J. Agri-Biomass Driven Coating Materials & Wearable
Technology in Healthcare (online), AICTE-ISTE Refresher Pro-
gramme on Technology Driven Health Care System, AIRPT-
DHCS-2022, Jawaharlal College of Engineering and Technology,
Palakkad, Kerala, January 18-24, 2022 (Invited speaker)

Bhaumik, J. Chandna, S., Reddy, Y. N., Paul, S. Lignin valoriza-
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tion via its efficient conversion into functional materials, (online)
American Chemical Society Spring National Meeting 2021, April
5-30, 2021 (Oral presentation)

Invited talk on Valorisation of Spent Aromatic Waste to Platform
Chemicals at international conference on ‘Sustainable Energy
and Environmental Challenges (VII SEEC)" during Dec 16-18,
2022, IIT-BHU, Varanasi, India. 2.

Invited talk on Prioritization of Natural Products for Commercial
Implications at AICTE sponsored “National Conference on Envi-
ronmental and Industrial Biotechnology (NCEIB-2022)" during
10-12 November 2022, Dr. Ambedkar Institute of Technology for
Handicapped, Kanpur, India.

Dr. Sudhir Singh delivered an invited lecture on “Types of CRIS-
PR-Cas systems and their applications” in a SERB, India-spon-
sored 7-day workshop entitled: “CRISPR Genome Engineering:
Hands-On training State-of-Art technology’, at the Department of
Biotechnology, Panjab University, Chandigarh (22-28 July 2022)
Dr. Sudhir P. Singh delivered an invited talk on “Genes to Gene
Products and Their Benevolence to Society” at the Department
of Biotechnology, Chandigarh Group of Colleges, Landran, Mohali
on 15th Nov 2022.

Dr. Sudhir Singh delivered an invited talk on “Metagenomics and
gene function analysis” in a STUTI, sponsored 7-day Hands-On
Training Program on: “Advances in Functional Genomics & Gene
Editing”, dated Nov 16-20, 2022 at the Department of Biotech-
nology, Panjab University, Chandigarh.

Dr. Sudhir Singh delivered an invited talk on “Biocatalytic pro-
duction of rare sugar molecules” in a National Conference on
Environmental and Industrial Biotechnology, organized by Dr.
Ambedkar Institute of Technology for Handicapped (An institute
established by Govt. of U.P), Kanpur

Dr. Sudhir P. Singh delivered an invited talk on “Functional rare
sugars, the potential biocatalysts, and applications” at IT Guwa-
hati in an International Conference during 8-10 Dec 2022.
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Awards/Scientific recognitions

*

Prof. Ashwani Pareek has been conferred Prof. R.N. Tandon Me-
morial Award Lecture by the National Academy of Sciences, India
(NASI)

Dr. Sudhir P. Singh was elected as a fellow of the National Acad-
emy of Agricultural Sciences (FNAAS)

Dr. Satya Narayan Patel received Young Scientist Award by the
Association of Microbiologists of India (AMI)

Ms. Kanika Saini received the best oral presentation award at
the 15th Chandigarh Science Congress (CHASCON) held during
15-17 September 2022. The title of the presentation is ‘Ambi-
ent reductive amination of biomass-derived methyl levulinate to
N-substituted-5-methyl-2-pyrrolidones’.

Ms. Kanika Saini received the best poster presentation award
in the International conference on Recent Advances in Material
Chemistry an Catalysis, RAMCC, held during 1-3, 2023. The title of
the presentation is ‘Ambient reductive amination of biomass-de-
rived methyl levulinate to N-substituted-5-methyl-2-pyrrolidones’.
Dr. Jayeeta Bhaumik Member of the Royal Society of Chemistry
(MRSC)

Dr. Jayeeta Bhaumik Life Member, Chemical Research Society of
India (CRSI), since 2022

Dr. Jayeeta Bhaumik Technical Expert Committee (TEC) of Plant
Biotechnology. DBT

Dr. Jayeeta Bhaumik Super Mentor, KIIT-Technology Business In-
cubator

Dr. Bhuwan Bhushan Mishra CIAB Licensed technology on ‘pro-
cess for production of food-grade dye/colorant powder from
flower petals of Butea Monosperma (Lam.) Kuntze, also known
as Palash (IN202211005755)" to Vexcel Upkram Pvt. Ltd., Ranchi,
Jharkhand.
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PhD Thesis awarded

*

Researcher: Aishwarya Singh; Guide: Dr. Sudesh Kumar; Title of
Ph.D. Thesis: Enzyme Based Process for Rare Sugars Production
from Agro-Biomass; Degree awarding body: Regional Centre for
Biotechnology, Faridabad.

Researcher: Deepak Mehta; Guides: Dr. Sudesh Kumar and Prof U
S Shiv Hare; Title of Ph.D. thesis: Evaluating The Effect of Non-Ther-
mal Plasma on the Value Added Biomolecules from Rice and
Corn Bran and Exploring their Use in Functional Food Develop-
ment; Degree awarding body: Panjab University, Chandigarh
Researcher: Priyanka Pal. Guide: Dr. Shunmugavel Saravanamuru-
gan; Title of Ph.D. thesis: “Selective Oxidation of Biomass-Derived
5-Hydroxymethyl Furfural with Manganese Oxide-Based Cata-
lysts”; Degree awarding institute: ISER Mohali.

Researcher: Sandeep Kumar; Guide: Dr. Sasikumar Elumalai,
Ph.D. thesis entitled “Evaluation of Heterogeneous and Homoge-
neous Catalysts for Glucose Isomerization to Fructose and Their
Kinetics” Degree awarding body: Panjab University, Chandigarh
Researcher: Ravneet Kaur (CSIR SRF), Guide: Dr. Jayeeta Bhua-
mik, Ph.D. thesis entitled “Development of Biomass Directed Tita-
nium Dioxide Nanocomposites with UV Blocking, Photocatalytic
and Antimicrobial Potential” Degree awarding body: Panjab Uni-
versity, Chandigarh

Researcher: Y. Nikhileshwar Reddy (ICMR-SRF) Guide: Dr. Jayeeta
Bhuamik, Ph.D. thesis entitled “Development of Photosynthetic
Nanopigments Based on Pyrrolic Compounds with Excellent Po-
tential to Degrade Common Dyes” Ph.D. thesis submitted to IISER
Mohali
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Researcher: Ms. Shatabdi Paul (CSIR-SRF) Guide: Dr. Jayeeta Bhu-
amik, Ph.D. thesis entitled “Development of Lignin Nanocarriers
Showing Promising Antimicrobial Potential and Photodynamic
Activity” PhD thesis submitted to DBT-RCB.

Researcher: Mangat Singh; Guide: Dr. Bhuvan Bhushan Mishra,
Ph.D. thesis entitled “Olfactory Value Addition to Low Value Citro-
nella (Cymbopogon Winterianus) Essential Oil and Valorization of
Spent Aromatic Waste to Platform Chemicals.” Degree awarding
body: Panjab University, Chandigarh

Researcher: Nishant Pandey; Guide: Dr. Bhuvan Bhushan Mish-
ra, Ph.D. thesis entitled “Synthesis of Natural Product Inspired
Glycohybrid Triazoles.” Degree awarding body: Panjab University,
Chandigarh

Researcher: Surendra Jatav; Guide: Dr. Bhuvan Bhushan Mishra,
Ph.D. thesis entitled “Isolation, Characterization and Semi-Syn-
thetic Derivatization of Phytochemicals from Adrographis Panic-
ulata (Burm. F) Wall. and Aegle Marmelos (Linn.) Correa.” Degree
awarding body: Panjab University, Chandigarh

Researcher: Neera Agarwal, Guide: Dr. Sudhir P. Singh, Ph.D. the-
sis entitled “Development of Biocatalyst Systems for Transforma-
tion of Sucrose into Value-Added Bioproducts” Degree awarding
body: Panjab University.

Researcher: Nitish Sharma Agarwal, Guide: Dr. Sudhir P. Singh,
Ph.D. thesis entitled “Metagenomic Profiling of Thermal Aquat-
ic Niches of the Sikkim Himalayas and Characterization of Novel
Pectin Transforming Biocatalysts” Degree awarding body: Panjab
University..
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SHAMMI GARG &CO.
Chartered Accountants

C/o Durga Bhai & Co
SCO 15, Sector 26,
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Madhya Marg,
Chandigarh-160019
Cell : 9914728900

Web : www.sgargco.com Email: Office@sgargco.com

AUDITORS’ REPORT

TO
THE MEMBERS,
CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING

1. We have audited the attached Balance sheet of CENTER OF INNOVATIVE AND APPLIED
BIOPROCESSING as at March 31, 2023, the Income and Expenditure account and
Receipt & payments account for the year ended on that date annexed thereto. These
Financial statements are the responsibility of the institution’s Management. Our
responsibility is to express an opinion on these financial statements based on our
audit.

2. We conducted our audit in accordance with auditing standards generally accepted in
India. Those standards require that we plan and perform that audit to obtain
reasonable assurance about whether the financial statements are free of material
misstatements. An audit includes, examining, on tests basis evidence supporting the
amount & disclosures in the financial statements. An audit also includes assessing
the accounting principles used and significant estimates made as well as evaluating
the overall financial statement presentatign. We believe that our audit provides a
reasonable basis for our opinion.

3. We have obtained all the information and explanation, which, to the best of our
knowledge and belief, were necessary for the purpose of audit. In our opinion proper
books of accounts as are necessary have been kept so far as it appears from our
examination of those books.

4, In our opinion and to the best of our information and according to the explanations
given to us, subject to our observation below and notes on accounts (Schedule 25),
the financial statements give a true and fair view, in conformity with the accounting
principles generally accepted in India:

a) In the case of Balance sheet of the state of affairs of the Institution as at March 31,
2023 and

b) In the case of Income and Expenditure Account, of the surplus/(deficit) of the
Institution for the year ended on that date

For Shammi Garg & Co,
Chartered Accountang£y

- /!.ﬁ

Place: Mohali
Date: 21.08.2023

UDIN: 23095431BGVSCC
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FORM OF FINANCIAL STATEMENTS (NON PROFIT ORGANIZATION)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

(FORMERLY BIO PROCESSING UNIT)
Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali

BALANCE SHEET AS AT 31

 MARCH 2023

(Amounts in Rs.)

CORPUS/ CAPITAL FUND AND LIABILITIES | Schedule Current Year Previous Year
Corpus/Capital Fund 1 47,18,15,906 50,90,59,810
Reserves and Surplus 2 1 1
Earmarked / Endowment/ Project Grants 3 1,65,96,321 2,08,77,965
Secured Loans and Borrowings 4 - -
Unsecured Loans and Borrowings 5 - -
Defferred Current Liabilities 6 - -
Current Liabilities and Provisions 7 1,60,37,672 4,55,40,637
TOTAL 50,44,49,900 57,54,78,413

ASSETS Schedule Current Year Current Year
Fixed Assets 8 45,63,22,732 49,00,36,121
Investments- from Earmarked/Endowment funds 9 - -
Investments - Others 10 - -
Current Assets, Loans & Advances etc. 11 4,81,27,168 8,54,42,292
TOTAL 50,44,49,900 57,54,78,413
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 25

For Center of Innovative & Applied Bioprocessing

i
(ANIL DHANKHAR)
FINANCE OFFICER

Dated : 21.08.2023
Place: Mohali

@ifre 9T&rE / Anil Dhankhar
faer ST / Finance Officer
wi't&ih w N W - e e

and Applied
mmnm T W mwmmj
wmwrmm.uxmummmuw
al (AT R8T/ Sector-81 (Knowledge City)
BT (A ), R/ Mohak (Punyab), India

(Qpauh=

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

.’ ur‘ f <ot Ashwani Pareek
4 '/' tue! Executive Officar
T — wEAEAT
ppled Boprocassing
q @R

Govt. of India

1 {Knowledge City)

10f 19

For SHAMMI GARG & CO.

(CA SHAMMI GARG)
PARTNER
Membership No. 095431
UDIN:23 0943/ B6YSec S/92
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FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISTIONS)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
(FORMERLY BIOPROCESSING UNIT)

Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali

INCOME AND EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31" MARCH 2023

(Amount in Rs.)

INCOME Schedule Current Year Previous Year

Income from Sales/Services 12 - -
Grants in aid /subsidies 13 8,47.95.101 5,90,25,517
Fees/subscriptions 14 - -
Income from Investments (Income on investment from 15 - -
earmarked/endowment funds transferred to funds)
Income from Royalty, Publication etc. 16 - -
Interest Earned 17 12,39,605 17,28,306
Other Income 18 9.79.884 23,23.,206
Increase/decrease in stock of finished goods & work- 19 - -
in -progress
TOTAL(A) 8,70,14,591 6.30,77,029

EXPENDITURE Schedule Current Year Current Year
Establishment Expenses 20 3.20.69.421 2.97,15,735
Other Administrative Expenses 21 3,28,87.775 3,32,44,655
Research & Development Expenditure (Incl, Grants, 21A 2,78,67,749 3,20,71,095
Subsidies etc)
Expenditure on grants, Subsidies etc. 22 - -
Interest 23 - -
Depreciation 8 6,27,08,366 6.28.08,304
TOTAL(B) 15,55,33,311 15,78,39,789
Balance (+)surplus/ ((-)deficit) (A-B) -6,85.18,720 -9,47,62,760
Deficit carried to Schedule-7 (Payable to Government)
Balance being surplus/ (deficit) carried to Capital -6,85,18,720 -9,47,62,760
Fund (Schedule 1)
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 235

For Center of Innovative & Applied Bioprocessing

For SHAMMI GARG & CO.

CHARTERED ACC

M Qe Lo
(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) (CA SHAMMI GAR
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNER

or. FIvE W / Prof. Ashwani Pareek Membership No. 095431
> ¥ AUT-ari / Chiel Execulive Officer .
PRS2} 3025, g T ST oo S UDIN: 2309843/ 86USCC €197
Officer Center of Innovative and Applied Bioprocessing
- SHE W Gl fam, WRa 9eER

Deparlmrcnl of Biotechnology, Govt. of India
Fze- 91 (FA9 Fé1) s Sector-81 (Knowledge City)
Bt (vwrmE ) HEA 2 Mehal (Punjab). India

MHUMNQNWBM
(3 skt R, iz e e s v )
fruthde et Duprems of ogy. Gow, ol lncka)
&uet-a (ﬁ]&w A ) - sector81 (Knowiedge City)
R (TR, MR Mohai (Purjaby, india

20f19

159




CIAB: Annual Report 2022-23

Form of Financial Statements for the Central Autonomous Badies (Non-Profit Organizations and Similar Institutions)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

(FORMERLY BIOPROCESSING UNIT)
Knowledge City, Sector 81, P) Manauli, SAS Nagar, Mokali

RECEIPTS AND PAYMENTS FOR THE PERIOD/YEAR ENDED ON 31.03.2023

{Amounts in Rs.)
RECEIFT Current Year | Previous Year PAYMENT Current Year | Previous Year
L. Opening Balance L Expenditure
) Cash in Hand (a} Establishment Expenses
b} Bank Balances 1. Manpower Salaries, Wages and Allowances 32084199 2.89.17.907
2. Provision for Gratuity and leave encashment 6.70.906 44.04.240
1) In cwirent accounts
ii) In deposit Accounts 4,08.99.769 10:47,.56 566/ (b) Administrative Expenses
1i1) In Savings Accounts 21481713 61.90,729| 1 Travelling & conveyance expenses 8.61.822 231629
2. P Telephone & communication es 8.53.950 5,103,754
11. Grants Received 3 Office and Admn Expenses 1041337 9.80.087
(i) Capital Grant 3.12.74816] 22422 763| 4 Advertisement & Publicity 4,01.705 1,88.189
(11) Revenue Grant 84795101 55025517| 5 Repau & Maintenance 14,27 588 17,355,985
6_Printing & stationery 348662 4.52.453
7_Dutsourcing/CMCs/AMCs generat 1.39.09.935 14263379
IIL. Other Incomes and receipts 8. Fees & Honorarium 322058 598479
I. Tender Fees 4,747 7.615| 9. Electicity & Water charges 97.65,786 1.00.96.435
2 Ph D Fee 64650 79,600| 10. Workshop/Seminar Expenscs 5.16.856 1,99 300
3 RTI Fee = 30] 11 Vehicles Running & maintenance 328 514 233512
4. Overhead income from extra mural projects 1,30,799 4.09.763] 12. Watch & Ward Expenses 18,13 349 17,11 286
5. Income from Sample analysis 2,23 804 130511
6. Rental Income 76,304 67.353| (c) Research and Development Expenditure
7_Training Fee 503624 5.08.361|1 Chemical & Consumables 1.77.14.777 2.05.95 503
8 Application Fee - 12,540 |2 Fellowships & Stipend 73,11.081 77,55 641
9 LD Charges - 9.85,099 |3 Computer Software & Accessories. 16,56 465 2040610
10. Dthers (Mise ) 6.228 1,22334]4 Patent Filling Fee 4.78.690 802633
11 Staff Welfare fund 73,438 74,129 |5 Research Publication Expenses 121,159 204573
12 Interest received 10.12.900 21.75.833 |6 Recognition fee & Membership fee 6.50.195 6.24.037
13 Extemnal projects and fellowships (Ineluding 1,05,46,143 2,15,34,199
interest eamed
14 Secunity deposits received 2,46,153 3,589,842 | IL Expenditure on Fixed Assets & Capital Work-in-
Progreas)
15 Earmest Money Deposits received 398,500 (a) Purchase of Fized Assets
1. Seiemtific Equipments & Accessories 4.91,72,033 2,89,60,080
20 and Peripherals 18.15.885 1143815
3. Office ipments 42,840 18408
4. Office & Guest House Fumniture 19.41.368 11.57.681
(b) Expenditure on Main Campus Building
|._Development of main campus 11,028 24,028,777
WL Other Project Payments [
1. Extemal projects and fellowships | 14818122 20023289
1V. Other Payments
1. Imterest refunded to CFI 20.13.465 50.20.904
2_TDS refund receivable 771913 1,73 208
3_Eamest Money Deposits 3.,60.000
4_Consumption depasit with PSPCL 1,57 444
5 Advance to NICSIL 11,12,004
V. Closing Balance
a) Cash in Hand
h) Bank Balances
1) In Current Accounts
1) In Deposit Accounts 56,94 208 4,08,99,769
ii) In Savings Accounts 1.64.60.010 21487773
iw} Limits assigned in Zero Bal Subsidiary 65,18,840
Accounts
Grand Total 19,17,44,749 | 21,94,92,784 | Grand Total 191744749 | 219492784

For SHAMMI GARG &
For C% of Innovarive & Applied Bioprocessing

)L =N

(ANIL DHANKHAR) (PROF. ASHWANI PAREEK)
FINANCE OFFICER CHIEF EXECUTIVE OFFICER (CA SHAM
Dated: 2108 2023 9t STEFA T8/ Prof. A i ol
i . . . Ashwani Pareek .
Place: Mohali T WA TN/ Chiaf Executive Offasr Membership No. Ded88] 40
’ TS S ST - TR S
1S == / Anil Dhankhar Center of Innovative and Applied Bioprocessing
9 wrw1f / Finence omcer St Wi v, s e
A= w Eaﬂgﬂ?‘l‘ﬁ-m Lo Dapaﬂmon;cl’ Biotechnology, Gowt. of India
Center of Innovative an ed Broprocessing ~81 (Fietsr 1) / sactor-81 (Knowled!
o ige City)
(it R, vam are @ v v R W) BTN (951 ), MITE ./ Mohali (Punjab), India

[An Autancmous isisiute under Depariment of Botechnology, Govt. of Inds)
W - 81 (Fifa F )/ Saciorn81 (Knowledge Cty)
e (TAR), A /Mohaii (Purjab), India
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FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISTIONS)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

(FORMERLY BIOPROCESSING UNIT)
Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali

SCHEDULES FORMING PART OF BALANCE SHEET AS AT 31.03.2023

SCHEDULE-1
CORPUS/CAPITAL FUND
(Amount in Rs.)
Particulars Current Year Previous Year

Balance as at the beginning of the year 50,90,59.810 58,13,99.807
Add : Contributions towards corpus/capital fund 3,12,74,816 2,24,22,763
Add : Fixed Assets Created out of Project Grants
Add : Gratuity & LE transferred to LIC
Less/(Deduct) : balance of net expenses transferred from the
income & expenditure a/c -6.85,18.720 -9.47.62.760

BALANCE AS AT THE YEAR -END 47,18,15,906 50,90.59.810

SCHEDULE-2

RESERVES AND SURPLUS

(Amount in Rs.)

Particulars

Current Year

Previous Year

1.Capital Reserves: Land provided by Punjab Govt.

2.Revaluation Reserve

3.Special Reserve

4.General Reserve

TOTAL

For Center of Innovative & Applied Bioprocessing

M Qo

(ANIL DHANKHAR)
FINANCE OFFICER

Dated : 21.08.2023 EG T 3

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

1. ST i sy 5. A
i L L shwani P
b L i ST/ Chief Executive
ST W~ T o

For SHAMMI i/
CHARTERED AQG

G

(CA SHAMMI GARG)

areek
Officer
s

Center of Innovative and Applied Bioprocessing

Place: Mohali

AfHE a=EE / Anil Dhanknar
faa sifermadt / Finance Officer
TG Ud S o - TR e
Cermar of Innovalive and Applied Bioprocessing
(St e R, Wi T @ R O e S
{An g Departmact of 0. Govt. of Inda)
FozT-8) (AT B )/ Sector-d1 (Knowledge City)
WERS (el ), STRA /iMohak (Punjab), india

Department of Biotochn

4 of 19

, WA T
Rz iy ciogy, Govi. of India
Hez- 81 (Fiets fagt) »secior-s1 (Knowledge City)
T (TS ), SR Mohali (Punjab), India

PARTNER
Membership No. 095431
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SCHEDULE-4

SECURED LOANS & BORROWINGS
(Amount in Rs.)

Particulars Current Year Previous Year

. Central Government = =
. State Government(specify) & s
. Financial Institutions = =
Banks " a
. Other Institutions & agencies = =
. Debentures & bonds - -
. Others(specify) = -
TOTAL = =

SCHEDULE-5
UNSECURED LOANS & BORROWINGS
(Amount in Rs.)

Particulars Current Year Previous Year
1. Central Government E -
2. State Government(specify) - -
3. Financial Institutions = z
4. Banks: = N
5. Other Institutions & agencies - -
6. Debentures & bonds - =
7. Others(specify) 2 i
TOTAL - =
SCHEDULE-6
DEFERRED CREDIT LIABILITIES
(Amount in Rs.)

Particulars Current Year Previous Year

1. Acceptances secured by hypothecation of capital
equipment -
2. Others .
TOTAL = -

Center of Innovative & Applied Bioprocessing

e Cpeeds

(ANIL DHANKHAR) {(PROF. ASHWANI PAREEK)
FINANCE OFFICER CHIEF EXECUTIVE OFFICER
i, 31wt I8 Prof. Ashwani P Membership No. 095431
Dated : 21.08.2023 W T RS Chiat Exastve Oftcer
_ AR UH ST S - WaRntey g
Place: Mohali Dentf_"_i'_‘ of ;r%g\;atf:\éo and Applied Bioprocessing
5 EL] frt favmr,
u{gﬂa W:::l Dhankhar Departr\;e_nl of %gich?\-‘;lo;:rgomndia
forer sfr@ e ENc dwez-01 (e 7 Sector-81 (Knowladge City)
m w e ! '"'“r ""h: BN (WA ), WIRE /Mohall (Punjab), o
L 3 T R
ﬁa m:ﬁm“:nm " “m.ﬁhldhll'l
#azr-0) (A W)/ secior8t (Knowledge City)
AEER (THAW), VIR / Mohali (Punjab), India 2
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SCHEDULE-7
CURRENT LIABILITIES & PROVISIONS
(Amount in Rs.)
Particulars Current Year Previous Year
A) CURRENT LIABILITIES
1. Sundry Creditors
a)} For Goods/Services 1,48.774 2.39,38,578
b) For Securities 8,63,621 6,17,468
¢) Earnest Money Deposit 6,06,500 2,08,000
d) Caution Money deposited by students 25,000 25,000
e) Staff Welfare fund 3.84.315 3,10,877
. Interest accrued but not due on:
a) Secured Loans/Borrowings
b} Unsecured Loans/Borrowings
3. Statutory Liabilities
a) TDS Payable 4,65,396 644,175
b) GST Payable 33,002 1,73.870
b) Punjab Development Tax 4,000 3,600
4. Other Current Liabilities
a) Manpower (Salary/fellowships) Payable 19,05,139 29.56.789
i) NPS contribution 5,14.453 4,51,669
b) Other Expenses Payable 17,700
¢) Interest refundable to CFI 9,57.360 20,13.465
TOTAL(A) 59,25,260 3,13,43,491
B) PROVISIONS
1. Gratuity 48,78,114 82,73,863
2. Leave Encashment 52,34,298 59,23,283%
TOTAL(B) 1,01,12,412 1,41,97,146
C) Amount transferred from General Reserve- Opening Balance
D) Surplus being payable to Government - Opening Balance - -
Less- Loss of current year
TOTAL(A+B) 1,60,37,672 4,55,40,637

Center of Innovative & Applied Bioprocessing

1%

(ANIL DHANKHAR}
FINANCE OFFICER

Dated : 21.08.2023
Place: Mohali

ﬁa €88 / Anil Dhankhar

g # Finance Officer

2—&:&@ A 39 - TR e
enter of Innovative and Applied Bioprocessi)

(s dhafiret firm, wm%mwmm:]

1Ansenomous ittt vier Onputment of Bocology, Gowt. o nda

HaeT- 0 (AW R / Secior-pt (Knowledge City)

FETell (VTR ), MIET /Mool (Punjab), India

Clpoudde_

(PROF. ASHWANI PAREEK)

CHIEF EXECUTIVE OFFICER
YT HIIA 9TU ~ Prof. Ashwani Paresk
o Tl AT / Chief Executive Officer
e TG - THERT T
Center of Innovative and Appliad Bioprocessing
, HRE WRER
Department of Biotechnology, Govt. of India

At - 1 {Fcr @é1) / Sector-81 (Knowledge City)
e (@

{9 ), WA/ Mohali {Punjab), India
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SCHEDULE-9

INVESTMENTS FROM EARMARKED/ENDOWMENT FUNDS

{(Amount in Rs.)

Particulars

Current Year

Previous Year

. In Government Securities

. Other approved securities

. Shares

. Debentures & Bonds

. Subsidiaries & Joint Ventures

|| luw]|—

. Others (to be specified)

TOTAL

SCHEDULE-1¢
OTHER INVESTMENTS

(Amount in Rs.)

Particulars Current Year Previous Year
1. In Government Securities g :
2. Other approved securities - -
3. Shares “ -
4. Debentures & Bonds a a
5. Subsidiaries & Joint Ventures - -
6. Others(to be specified) - -
TOTAL - -
For SHAMMI GAR
| )} CHARTERED ACCO
(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) {CA SHAMMI GAE)
FINANCE OFFICER CHIEE(EX&E?;IT%Q rcl) ER PARTNER

T wRTeERTE SR . .U r
b 3 v T/ ch il
. Chigf I:n-ecull @ Office,

Dated : 21.08.2023

Place: Mohali
e e =g ~ Anil Dhankhar
fas #irel ~ Fisance Officar
AT ew T WY - TEERT e
Center of Irnavalive and Apphed Bioprocessing
{3 eifiss fvem, v s @ A o woae dee)
VAR AUBAMOLS | sl unges Depanimiant of Biclechnology, Govt. of India)
AFeT-8) (435 )/ Socior81 (Knowiedge Cily)
AERE (WFR ), MR/ Monaii (Punjab). India

Center of Innovalive « !
Ve and Applied Bloprocessing

Dahp:;-n?a:la!;f BiDleChHGF‘!)Qy. Gowt. of India
(Tfl %)/Secmr—iﬂ (Knowledge city)
ST ), MRE. Mohali (Punjab), india
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SCHEDULE-11
CURRENT ASSETS, LOANS & ADVANCES
(Amount in Rs.)
Particulars Current Year Previous Year
A) CURRENT ASSETS
1. Inventories - -
a) Stores & Spares - -
b) Loose Tools - -
¢) Stock-in-trade - -
2. Sundry Debtors
3. Cash balances in hand = -
4. LIC Group Gratuity Scheme 78.04.684 1,08,64,945
5. LIC Group Leave Encashment Scheme 1,02,90,700 1,03,35,045
6. Bank balances: - -
a) With Scheduled Banks:
-On Current accounts - -
-On Fixed Deposit accounts 56,94.208 4,08,99,769
-On Savings accounts
(i) State Bank of India A/c 1,64,60,010 2,14,87,773
-In Zero Balance Subsidiary Accounts (as limits)
(i) ICICI Bank Account 65,18,840
TOTAL(A) 4,67,68,442 §,35,87,532

B) LOANS, ADVANCES AND OTHER ASSETS
1. Loans = &
2. Advances and other amounts recoverable
in cash or in kind or for value to be

received:

a) On Capital Account - -
b) Security for Gas cylinders 16,000 16,000
¢) Consumption deposit with PSPCL 1,57,444 1,57,444

d) Recoupable form Govt. Agencies
e) Advance to Employees for Official Purpose

f) Others(specify)
(i) TDS Receivable 3,88.288 3.10.375
(ii) M/s Eurofins Genomics 1.690 1.690
(iii) National Informatic Center Service Inc. 7,72,924 11,12,004
(iv) Reliance Industries Limited 1,55,886
(vi) Sh. Anil Kumar Pujari 1,770
(Vii} Sh. Kunal Gogde 1,765

3. Income accrued:

a) on investments from earmarked/endowment funds

b) on Investments

¢) on loans & advances

d) on Fixed Deposits with bank 18,845 1,01,361

¢) on Savings Bank Account

4. Claims Receivable - -
TOTAL(B) 13,58,726 18,54,760

TOTAL(A+B) 4,81.27.168 8,54,42.292

For SHAMMI GARL

m J-U/ W CFg'ERED ACCOfaN]

(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) "I/TCA SHAMMI GA \.
WPﬂlﬁﬂunm CHIEF EXECUTIVE OFFICER PARTNER
SRR/ Finance Omce T, Y QIR # Prof, Ashwani Pareek :
w hid w - gHEET “ ?_;t‘;ﬂ it SR/ Chief Exscutive Officer Membershlp No. 095431

(e AR 2. 082023 oprocessing ARG T ST ST - AR e
Ak , W i:!m T R ) Cenl;;f Innovative and Applied Bioprocessing

' Bokchrongy Govt o) TS R, sRa TR
=g e ) /Sectora lKnmm.;j Department of Biolechnology, Govt. of India

). WA/ Mohai (Punjaty, India Qe - 81 (FiAw fél) s Sector-81 (Knowledga City)
W, BN (YSlE ), YIRS/ Mohali (Punjab), india
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SCHEDULE-12
INCOME FROM SALES/SERVICES

CIAB: Annual Report 2022-23

(Amount in Rs.)

Particulars Current Year Previous Year
1. Income from sales
2. Income from services - &
TOTAL - -
SCHEDULE-13
GRANTS/SUBSIDIES
(Amount in Rs.)
Particulars Current Year Previous Year
(Irrevocable Grants & subsidies received)
1. Central Government §,47.95,101 5,90,25,517
Less: Unspent grant transferred to General Reserve
2. State Government = "
3. Government Agencies = =
4. Institutional /welfare bodies - -
5. International Organisations - -
6. Others (to be specified) - -
TOTAL 8,47.95,101 5.90.25.517

SCHEDULE-14
FEES/SUBSCRIPTIONS

(Amount in Rs.)

Particulars Current Year Previous Year
1. Entrance Fees - -
2. Annual Fees / subscriptions - -
3. Seminar/program fees - -
4. Consultancy fees a -
5. Others 5 2
TOTAL - -
SCHEDULE-15
INCOME FROM INVESTMENTS
(Amount in Rs.)
Particulars Current Year Previous Year
1. Interest = -
a)On Govt. securities -
b)Other Bonds/Debentures -
2. Dividends: a =
a)On shares -
bYOn Mutual Fund securities =
3. Rents - ”
4. Others (specify) = =
TOTAL - -
Ml s

(ANIL DHANKHAR)
FINANCE OFFICER

Dated : 21.08.2023

ENMBR ANl Dhankhar
/Finance Officer
E= o sﬁvgw T - g d
Center of ir and Appled B

(7 chilfireft frwen, mm&mwm—n]
{An Autonamous instiute under Depatment of Biosechology. Govt, of India)
AT a: (AT Ridt) /Secior81 (Knowledge City)

BT (A, VIR /Mohail (Puryab), India

(PROF. ASHWANI PAREEK)

CHIEF EXECUTIVE OFFICER

oL ST 914 2 Prof. Ashwani Pareek
=rrd oI

I # Chief Executive Officer

" g g O - R

Center of innovative and Applied Bioprocessing
wa formT, AR SRR
Department of Biolechnology, Govl. of India
dwzg- 81 (Fichet T&ET) /Sector-81 (Knowledge Clty)
ARSI (Wawa ), WITE ./ Mohall (Punjab), India
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SCHEDULE-16
INCOME FROM ROYALTY/PUBLICATIONS. ETC.

CIAB: Annual Report 2022-23

(Amount in Rs.)

Particulars Current Year

Previous Year

1. Income from Royalty

2. Income from Publications

3. Others(specify)

TOTAL =

SCHEDULE-17
INTEREST EARNED

(Amount in Rs.)

Particulars Current Year

Previous Year

1. On Term Deposits

a) With Scheduled Banks (including accrued interest):

(i) Actual Received 6,88,926 12,84,335
(ii) Accrued as on 31st March 18,845 1,01,361
b) With Non-Scheduled Banks:
2. On Savings Accounts:
a) With Scheduled Banks: 222,613 2,33,728
b) With Non-Scheduled Banks:
c) Post Office Savings Account
d) Others
3. On Loans/Advances
a) Employees/staff - 1,471
b) Interest on Mobilisation Advance
4)Interest on Debtors & other Receivables
a) Interest on refund of Income Tax
b) Interest on Leave encashment scheme with LIC 3.09.221 1,07,411
TOTAL 12,39,605 17.28.306

Ml W
{ANIL DHANKHAR) {(PROF. ASHWANI PAREEK)
FINANCE OFFICER CHIEF EXECUTIVE OFFICER

4y, 3rEEEl 9ien / Prof. Ashwani Pareek
we e SUEATT / Chiel Executive Officer

Dated : 21.08.2023 o Nt il shyfe sl 44

Center of Innovalive and Applied Bioprocessing

Place; Mohali =
aﬁamm i s grenieEt fEam, YRE SR
IF;‘;:hg:ﬁ.r Department of Biolechnology, Govt of India
A T S S - e o Beer- g1 (A1 1)/ Sector-81 (Knowledge Gity)
Center of if iive and Applied Bi .' % 3 BTN (YR ), WIRE /Mohali {Punjab). India
‘a,w..‘ﬁmwmmalmwmﬁm

dez- 81 (% m)/w.h‘xﬂm
(W), ¥R/ Mohai (Pungab), mmﬂ

I/
il
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SCHEDULE-18
OTHER INCOME
(Amount in Rs.)
Particulars Current Year Previous Year

1. Profit on sale/disposal of assets - -

2. Export Incentives realized - -

3. Fee for Miscellaneous Services - -

4, Miscellaneous Income

a) Tender Fees 4,477 7,615
b) Ph. D Fee 54,650 79,600
c) RTI Fee - 30
d) Overhead income from extra mural projects 1,30.799 4,09,763
e) Income from Sample analysis 1,98,008 1,30,511
f) Rental Income 72.200 67,353
g)Training Fee 5,13,522 5,08,361

h) Income FromConsultancy Services - -
i) Application Fee - 12,540
J) LD Charges - 9,85,099
k) Others (Misc.) 6,228 1.22.334
TOTAL 9,79,884 23,23.206

SCHEDULE-19%

INCREASE/DECREASE) IN STOCK OF FINISHED GOODS & WORK IN PROGRESS
(Amount in Rs.)
Particulars Current Year Previous Year

1. Closing Stock = z
a) Finished Goods - -

b) Work-in-progress - -

2) Less: Opening stock - u
a) Finished Goods B -

b) Work-in-progress = 2
NET INCREASE/(DECREASE)(1-2) - -

M (Chwd B

—
(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) (CA SHAMMI GAR
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNER
Y. HFEAL T / Prof. Ashwani Pareek ; 4
e FTEETA SLERT / Chief Executive Officer Membershlp No. 09
Dated : 21.08.2023 = T SIS o - THET B
Place: Mohali Center of Innovalive and Applied Bioprocessing
W T e, WRE AR
fra awamrs Department of Biotechnology, Govt. of India
fa ,/:,,mngmo"::" e - 81 (AT &E) / Sector-81 (Knowledge City)

| [ ] ji dia
AR T S e - v S HETER (W), R/ Mohali (Punjab), In
gﬂdd Innovative and Applied Bioprocessing
,mm,mmimmmmj
wmmm,.mm_m,m}

4) (T BA) Secior-81 (Knowledge
) (VO ), W vt (Puryasy
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SCHEDULE-20
ESTABLISHMENT EXPENSES
(Amount in Rs.)
Particulars Current Year Previous Year

1. Manpower Salaries, Wages and Allowances 3,20,69,421 2,97,15,735

2. Provision for Gratuity and leave encashment S -
TOTAL 3,20,69,421 2,97,15,735

SCHEDULE-21
OTHER ADMINISTRATIVE EXPENSES ETC.
(Amount in Rs.)
Particulars Current Year Previous Year

1. Travelling & conveyance expenses 8,58,287 2,31,629
2. Postage,Telephone & communication charges 12,10,730 5.14.266
3. Office & Admn Expenses 10,39,003 9.83,163
4. Advt. & publicity 4,01,705 1,88,189
5. Repair & Maintenance 14,30,646 17,58,299
6. Printing & stationery 3,48,150 4,52,453
7. Outsourcing/ CMCs/AMCs General 1,38,95.093 1,42,63,379
8. Fees & Honorarium 3,20,700 5,99.279
9. Electricity & Water charges 97,67,386 1,00,96,435
10.Workshop/Seminar Expenses 5,16,856 1,99,300
11.Vehicles Running & maintenance 3,28,510 2,33,512
12.Watch & Ward Expenses 18,13,349 17,11,286
13.Interest earned refundable to CFI 9.57,360 20,13.465
TOTAL 3,28,87,775 3,32,44,655

SCHEDULE-21 A
RESEARCH & DEVELOPMENT EXPENDITURE (INCL. GRANTS AND SUBSIDIES ETC.)
(Amount in Rs.)
Particulars Current Year Previous Year
1. Chemical & Consumables 1,76,74,789 2,06,05,297
2. Fellowships & Stipend 73,11.081 77,78,041
3. Computer Software & Accessories 16,55,202 20,40.610
4. Patent Filling Fee 5,34,335 8.18.537
5. Research Publication Expenses 42,147 2.04.573
6. Recognition fee & Membership fee 6,50,195 6,24,037
TOTAL 2,78,67,749 3.20,71,095
i) (o
{ANIL DHANKHAR) (PROF. ASHWANI PAREEK)
FINANCE OFFICER CHIEF EXECUTIVE OFFICER

Dated : 21.08.2023
Pigees dalali ani Dhankhar
farer /Finance Officer

Zﬂ’ﬁila T - THET TR

enter of Innovative and Applied Bioprocessing
(:h!ﬂﬂhuﬂlﬁm,mmimwm W)
1An Autenemous Insteute under Department of Bolechrobgy, Govt of ndia)
-8 (AT R )/ Sacion-d1 (Knowedge City)

AETE (TR, SR Mohali (Punjab), India

T 13-4 9 - Prof. Ashwani Pareelk
sy il SATFE  Chief Exocutiva Officer
TR TR FAIGFT O - TEER
Center of Innovative and Applied Bioprocessing
W SrafiEs EWoT, YR 9EER
Department of Biotechnology, Govl. of India
Jarer- 81 (Fferst ReET) /Sector-81 {Knowledge City)
e (3

}, ¥/ Mohali {Punjab), Indla
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SCHEDULE-22
EXPENDITURE ON GRANTS, SUBSIDIES ETC.
(Amount in Rs.)
Particulars Current Year Previous Year
(a) Grants given to Institutions/Organisations
(b} Subsidies given to Institutions/Organisations

TOTAL z =
SCHEDULE-23
INTEREST
(Amount in Rs.)
Particulars Current Year Previous Year
1. On Fixed loans = -
2. On other loans o -
3. Others(specify) - »
TOTAL - -

ﬂ" //} W E}‘m z,-n

(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) {(CA SHAMMI GA
FINANCE OFFICER CHIEE EXECHTIVEOFICER 1,21 pareei PARTNER il A
ey amdadl JTUERIE / Chief Exoculive %f;c:nr Membership No. 095431
). Tﬁﬁnﬁ’f FETgE wte - waEsr
" Dated : 21 082023 center of |E:[.Wd| ve and Applied Bioprocessing
- i e Wi T, s S
Place Wh’ﬂ"ﬂ/»ﬂml Dhankhar Dep‘;}r‘(]meﬂ[ of Biotechnology, Govt. of India
firve1 firendl / F nance Officer Aqer-8) (Fiert Rdt)/ Sector-81 (Knowledge City)

TG g SR WA - SRR
Tanter of Innovatve at-.hupfleramprnenssng
'1 et frvm ¥ AT A PO )
(g s e abgy. Get of nda)
HemT -0 (Ftw @ nowiedge City)
Fumab) mdia =

(5o ), WIS/ Mohali (Punjab), India

el
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FORM OF FINANCIAL STATEMENTS

CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali.

SCHEDULE 24
SIGNIFICANT ACCOUNTING POLLICIES

A) ACCOUNTING CONVENTION

The Financial Statements are prepared on the basis of historical cost convention, unless otherwise
stated and generally on the Accrual method of accounting as per the Common Format of Accounting
for all Central Autonomous Bodies.

B) INVENTORY VALUATION

Expenditure on purchase of chemicals, consumables, publications, stationery and other stores are
accounted for as revenue expenditure, immediately on purchase of these items.

C) INVESTMENTS

There are no investments other than fixed deposits in the bank. No brokerage or other expenses
have been incurred in making such investments.

D) FIXED ASSETS

Fixed assets are created out of grants received from DBT and valued at cost of acquisition inclusive of
inward freight, duties and taxes and incidental and direct expenses related to acquisition. As per the
advice of the audit, the Fixed Assets created out of the external funded projects/fellowships have
also been taken at cost of acquisition inclusive of inward freight, duties and taxes and incidental and

direct expenses related to acquisition for each article. The Land which is allotted free of cost by Gowvt.
of Punjab for setting up of CIAB has been taken at nominal value of Re. 1.

E) DEPRECIATION
Depreciation on fixed assets including fixed assets created out of projects have been charged as per

the rate prescribed in the Income Tax Act-1961 on written down value method. The depreciation on
fixed assets created out of project has been charged from the date of its acquisition, during the year

2022-23.

F) MISCELLANEQUS EXPENDITURE

There is no deferred revenue expenditure during 2022-23,
G) ACCOUNTING FOR SALES

Being an Institution there is no sales during the year under consideration.

16 of 19
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H) GOVERNMENT GRANTS/ SUBSIDIES

As the Institute is funded by the Department of Biotechnology, Ministry of Science and Technology,
{Govt. of India) and the grants are treated as irrevocable, the same has been accounted for on
sanction and receipt basis. During the FY 2022-23, recurring grants amounting to Rs. 8,47,95,101/-
has been received for the purpose as shown in schedule-13. Non-recurring Grants amounting to Rs.
3,12,74,816/- have been shown as addition to Corpus/ Capital Fund {schedule-I).

Interest earned on Govt. Grant amounting to Rs. 9,57,360/- has been shown as payable to Govt.
{Schedule 7) in Compliance to Rule 230 (8) of General Financial Rules 2017.

I} Expenses payable up to 31* March, 2023 pertaining to FY 2022-23, have been shown under
expenses payable (schedule-7). Any expenditure which has not been claimed or for which bill has not
been received pertaining to any expenditure relevant to the FY 2022-23, the same will be accounted
for in the year of claim.

J) FOREIGN CURRENCY TRANSACTIONS

Foreign Currency Transactions are accounted for at the rate of exchange prevailing on the dates of
such transactions. Assets and Consumables acquired against foreign currency are recorded at the
amount actually paid on their import.

K) RETIREMENT BENEFITS

The Institute is covered under New Pension Scheme of Government of India and is registered
with the agency approved by Ministry of Finance. Institute is regularly depositing the monthly
pension contribution (both employee and employer share) with appropriate authority. Provision
for Gratuity and leave encashment of Rs. 1,01,12,412/- (Schedule-7) has been made in the books

of accounts.
For Center of Innovative & Applied Bioprocessing

Ml (o

Finance Officer Chief Executive Officer
91 W1 9149 / Prof. Ashwani Pareek
Dated. 21.08.2023 g{ ?-I-TQ‘C}TTB \'}{EU’-"-IEP/Cn(ef Executive Officer Partner
: TG O SEEET WA T T .
Place: Mchali Cc-nleaorg%g?i;l\;; i_i”d Applied Bioprocessing Membershlp No. 095431
_ - et favim, »
e TGS ~ Anil Dhankhar Department of Buotcchr\g\ogjlgoﬁ-fITndia

qﬁgﬂw ;@E%Faznf;m H &rﬁ'u - 81 ("ﬁt‘ﬁﬂ &) # Sector-81 (Knowledge City)
Center of inovative and Applied Bigprocessing TR (55719 ), M/ Mohali (Punjab), India
(S dheifire’t Fivem, vier W o AR O R GO )
(A Atonomeas [nsidse under Desment of Boltchnology, Gowt of India)
Faet- 81 (A @) /Sector81 (Knowledge City)
AEE (TAR), YRA /Mohal (Purgabl, India =
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FORM OF FINANCIAL STATEMENTS

CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali
SCHEDULE 25
NOTES ON ACCOUNTS

The financial statement of accounts is prepared in three parts (i) The Balance Sheet, (ii) Income & Expenditure
Account and {iii) Receipt & Payment Account.

1. Receipt and Payment Accounts

The Receipt & Payment Account carries the figures of actual receipts & actual payments of the Institute during
the financial year 2022-23. It is virtually a copy of Cash Book/Institute's accounts. The total receipt as shown in
Receipt & Payment Account comes to Rs.12,93,57,207/-, which include Rs. 11,60,69,917/- received as recurring
and non-recurring grants from DBT, grant of Rs. 1,05,46,143/- for externally funded projects and Rs. 27,41,147/-
from other receipts. Total amount of Rs.16,30,71,691/- has been released as payments during the year.

2. The Income and Expenditure Account

The Income and Expenditure account is prepared on accrual basis. The total income is Rs. 8,70,14,591/- which
includes Recurring Grant from DBT, Interest earned and Other Resources.

Total expenditure (before depreciation) comes to Rs.9,28,24,945/-, which also includes interest earned on Grants,
which is refundable to Govt., and depreciation of Rs.6,27,08,366/- has been charged in the current FY 2022-23.
Further the amount of Rs.6,85,18,720/- being the excess of expenses over income has been transferred to
Corpus/Capital Fund {Schedule-1}.

3. Fixed Assets

Fixed assets are created from grant from Department of Biotechnology, Govt. of India and valued at cost of
acquisition inclusive of inward freight, duties and taxes and incidental and direct expenses related to acquisition
and shown in Schedule-8.

Fixed Assets created out of the external funded projects/fellowships have been booked under the head “Fixed
Asset Created from Projects Grants” (Schedule 8) and credited the corresponding accounting head
“Corpus/Capital Fund”.

4. Depreciation
Depreciation on fixed assets including fixed assets created out of projects have been charged as per the rate

prescribed in the Income Tax Act-1961 on written down value method. The depreciation on fixed assets created
out of project has been charged from the date of its acquisition during the year 2022-23.
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5. Current Assets, Loans and Advances

In the opinion of the management the current assets, loans & advances of the Institute have a realizable value in
the ordinary course at lease to the extent shown in the accounts and the provisions of liabilities are adequate.

6. Land

The Gavernment of Punjab has provided approx. 15 acres of land in Knowledge City at Sector-81, Mohali to the
Institute, free of cost, for setting up of CIAB Campus. Therefore, the cost CIAB land has been taken as nominal
value of Re. 1 and corresponding accounting effect has been given in schedule-2.

7. Externally Aided Project

As on 31* March 2023, there is a balance of Rs. 1,65,96,321/- in the externally funded project accounts. The
balance will be spent in accordance with the terms and conditions of the projects. An interest of Rs. 2,13,739/-
has been credited to the externally funded projects as shown in Schedule 3.

8. Gratuity & Leave Encashment

a) A Group Gratuity Scheme has been taken from Life Insurance Corporation of India (LIC). An amount of
Rs. 78,05,416/- was computed towards liability for gratuity (Schedule-11) out of which an amount of
Rs. 29,27,302/- has been paid to LIC upto the financial year 2022-23 and Rs.48,78,114/- has been
shown as provision for gratuity {Schedule-7).

b) A Group Leave Encashment Scheme has been taken from Life Insurance Corporation of India (LIC). An
amount of Rs. 1,02,90,700/- was worked as liability for leave encashment (Schedule-11) out of which
an amount of Rs. 4,16,632/- has been credited by LIC as interest and Rs. 46,40,502 /- (including other

charges) has been paid to LIC upto the financial year 2022-23, and Rs. 52,34,298/- has been shown as
provision for leave encashment (Schedule-7).

9. Exemption u/fs 35({i){ii} of The Income Tax Act,1961

The institute has been granted exemption u/s 35(i)(ii} of the income Tax Act,1961 in the Category of ‘Scientific
Research Association’ vide notification no 07/2017 dated 31* January 2017.

10. There are no losses from casualties such as flood and fire.

11. Previous year figures have been re-grouped and rearranged where ever considered necessary to make them
comparable with those of current year.

12. Government Grants have been recognized on the basis of sanctions issued by the Govt. of India.
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