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FRoOM THE DESK oF CHIEF EXECUTIVE OFFICER

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

7"?

on carbon nanomaterials for the sustained synthesis of a
rare sugar, D-talose. Cold plasma has been found to im-
prove the extraction efficiency of polyphenols from two
different industrial wastes, de-oiled rice bran and corn
bran. Also, the obtained polyphenols were observed for
better in vitro digestibility, cell viability and anti-inflam-
matory activity. Demonstrated the ability of Meyerozy-
ma guilliermondii P14 to produce bioethanol from pre-
treated biomass of giant reed (Arundo donax). Identified
a novel yeast strain Meyerozyma caribbica M72 from
mahua flower and demonstrated its use in bioethanol
production from rice straw. A novel trehalose synthase
(TreM) was identified and characterized for the produc-
tion of trehalose and trehalulose. A novel amylosucrase
(Asmet) was biochemically characterized for a-arbutin
production using sucrose as glycosyl donor and hydro-
quinone as glycosyl acceptor. Starch was isolated from
potato peel biomass and subjected to debranching by
PulM treatment that resulted in the production of resis-
tant starch type Il

Characterized the preparation of mango butter
and demonstrated its use as an alternative to replacing
cocoa butter in chocolate substitute formulations. Devel-
oped a process for xylitol preparation from rice residues.
Production of polyhydroxybutyrate by bacterial fermen-
tation, and its derivative design has been carried out. Ex-
tracted bioactive compounds from Lagerstroemia spe-
ciose through supercritical CO, extractor. Exploring the
industrial apple waste biomass for pectin and cellulose
nanocrystals. Also, upscaled the process of nanocellulose
production from algal biomass residues.

Low value citronella foliage essential oil was used

owards attaining sustainability in economy, technological
interventions should be the primary focus while making
value added products or processes from agro-biomass-
es. The amount of agro-biomass from agriculture fields and
agro-industries is continuously increasing. Availability of large
amount of agro-waste has created the opportunities for val-
ue added products development. Towards this effort, CIAB's
research focus is to identify gaps in the research areas of bio-
mass utilization, bioprocessing, food processing and synthetic
biology as well as to provide technological solutions. Institute
is working on four major R & D programmes; (i) Value addition
to primary processing residue/ wastes for edible products, (ii)
Valorization of crop wastes for specialty products and chemi-
cals, (iii) Nutritionals, nutraceuticals, and upgradation of value
or use of primary processing bioproducts and (iv) Biosynthetic
technology/synthetic biology for low volume-high value prod-
ucts and industrial enzymes.

In last one year, CIAB has filed five patents, four patents
have been granted and published thirty-six research publi-
cations in high impact peer reviewed journals. CIAB has also
attracted the attentions of several industries and received ex-
pressions of interests from them for the technologies devel-
oped by CIAB. CIAB has signed non-disclosure agreements as
well as memorandum of agreements for collaborative works
with startups and industries.

Key research highlights during the year are briefly pre-
sented. Developed a chimeric bi-functional enzyme with xy-
lanase and deacetylase activity for the hydrolysis of agro-bio-
mass rich in acetylated xylan. Immobilized L-ribose isomerase

as a substrate for production of p-menthane-3,8-diol en-

riched citronella oil for application in insect repellants.

Isolated, and characterized, a natural dye from Butea
Monosperma (Palash) for applications in food sector. Agri-bio-
mass based lignin was utilized to prepare CdS dots which
were used as multifunctional platform for sensing and wear-
able photodynamic coatings. Further, Lignin-based metal ox-
ide and bimetal oxide (ZnO, TiO,, and ZnO-TiO,) hanocom-
posites were developed and characterized and successfully
used in the photocatalytic degradation of common dyes. Lig-
nin derived copper oxide nanostructures were also prepared
which showed efficacy towards pathogen inhibition.

We have desighed and developed low-cost catalysts for
effective glucose decomposition to 5-hydroxymethylfurfural
(a liquid fuel precursor) and glucose transformation to vari-
ous health-beneficial sugars (like fructose and allulose) via a
chemical catalysis pathway. In this way, biomass-derived glu-
cose can be converted into a variety of product chemicals for
value-addition. The pyrolysis of lignin to bio-oil is promising
and exhibits a good fuel source. Bio-oil reduces storage sta-
bility due to high oxygen content, thus limiting the potential
of oil transportation. In connection with this, a process for the
deoxygenation of anisole as a model compound with a low
metal loading of Ni on TiO,-ZrO, and Nb,O.-ZrO, has been
developed, obtaining a high selectivity towards a deoxygenat-
ed product, benzene.

CIAB celebrated various events of national importance
with great enthusiasm such as National Science Day, Rashtri-
ya Swachhta Diwas, Republic Day, Hindi Pakhwara, Vigilance
Awareness Week etc. Institute has also participated in Na-
tional Science Congress and 1ISF-2021. CIAB has organized
regular lectures under Science Setu Open day event to cele-
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brate 75 years of Independence of our country. Institute also
conducted open day for school and college students, public
lectures, and seminars. CIAB participated in various Exhibition
of Technologies at national levels.

I would like to express my sincere gratitude to Dr Jitendra
Singh ji, Honorable Minister of State (Independent Charge) for
Science and Technology and Earth Sciences for his critical and
valuable inputs and continuous support to motivate the staff
and improve various research programmes of the institute. He
addressed the institute at various occasions and appreciated
the achievements and motivated the staff and students.

| sincerely acknowledge and express my thanks to
Dr Rajesh S. Gokhale, Secretary, Department of Biotechnology
(Govt. of India) and Chairperson, GB and all the members of
the GB for their valuable suggestions in giving right direction
and shape to various research activities of the institute. | am
also grateful to Dr. Rajesh Jain, Chairman, Scientific Advisory
Committee (SAC) and all the members of the SAC for their
critical evaluation of scientific progress, motivation of scien-
tists, guidance and intellectual inputs which has helped in
evolving new programmes and initiatives as well as in focus of
the research plans and activities of the Institute.

| personally acknowledge the support and cooperation
received from Sh. Vishvajit Sahay, Additional Secretary and
Financial Advisor; and Shri. C.P. Goyal, Joint Secretary, DBT in
various financial and administrative matters. | would like to
place on record my sincere thanks to Dr. Vaishali Panjabi, Sci-
entist F, Department of Biotechnology, Government of India
for her support and cooperation in running all the activities of
the institutes and providing a very strong 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 2021-22. My special thanks are due to Dr.
Sudesh Kumar Yadav, Dr. Bhuwan Bhushan Mishra, Dr. Sudhir
P. Singh and Dr. Nidhi Budhalakoti for their help in compiling
and editing of the annual report. | thank all my colleagues at
CIAB who have worked sincerely for the growth and devel-
opment 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
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To be a nodal research and innovation organization linking
leads etc. of bioprocess and bioproduct R&D system knowl-
edge, technology with production system, and serve as in-

cubatorial platform for agri-process and agri-food-product
VIS I O N related entrepreneurship along with a frontal role in trans-
lation, innovation, optimization and upscaling of approach-
es 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 approaches and technologies related
to bioprocessing of agri-food/agri-mass for promo-
tion of secondary agriculture.
M I SS I O N ¢ To generate bioresources related knowledge and
advance R&D leads and potential for the growth of
research and innovation systems towards products
development, technology translation, product qual-
ity assurance etc. in the sectors of agri-food and sec-
ondary agriculture including technologyde monst
rations,training,clusteringofentrepre-
neurs / stakeholders etc. in the lab-to-market chain.

OBJECTIVES

To carry our innovations, optimization, up-scaling and translation of knowledge, approaches, tech-
nologies 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 train-
ing, 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 entrepreneurs, industrial establish-
ments, 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 incubator/service platform for the common interest
groups/companies/entrepreneurs etc.

To facilitate testing, validation, optimization, up-scaling etc. of the technologies and processes
developed by the Center of Innovative and Applied Bioprocessing (CIAB), National Agri-Food Bio-
technology Institute (NABI) and /or public Institutions and/or those available through public do-
main/open source and/or from other sources in India and abroad, after acquiring/adopting them
through licensing /agreement/mutual understanding/consent etc. in case of proprietary issues.
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Governance
Mechanism of

CIAB Society

Governing Body (GB)
CIAB

Finance - Chief Executive Officer N Scientific Advisory
Committee CIAB Commitiee

Sub-Group on
Scale-up Evaluation &

Process Optimization Technical Advisory and

Product Innovation
Committee (TAPIC)

Sub -Group on
Development of
New Technology

Sub -Group on Training
Demonstration &Business
Development
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SOCIETY
OF
CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

Dr. Jitendra Singh

President (Ex-officio)

Hon'ble Minister of State of the Ministry of Science

& Technology and Earth Sciences (Independent Charge),
New Delhi

Shri Bhagwant Mann

Member (Ex-officio)

Hon'ble Minister of Science, Technology and
Environment (Govt. of Punjab),

Punjab Civil Secretariat -1, Sector 1,
Chandigarh

Dr. Rajesh S. Gokhale

Member (Ex-officio)

Secretary, DBT & Chairperson Governing Body-CIAB,
Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,

Lodi Road, New Delhi-110003

Sh. Vishvajit Sahay

Member (Ex-officio)

Additional Secretary & Financial Advisor
Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,
Lodi Road, New Delhi-110003

Sh. Chaitanya Murti

Member (Ex-officio)

Joint Secretary

Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,
Lodi Road, New Delhi-110003

Dr. Shekhar C. Mande

Member (Ex-officio)

Director General,

Council of Scientific & Industrial Research (CSIR),
Anusandhan Bhawan, 2, Rafi Marg, New Delhi

Dr. Trilochan Mohapatra

Member (Ex-officio)

Director General,

Indian Council of Agricultural Research (ICAR),
Krishi Bhavan, New Delhi

Sh. Dilip Kumar

Member (Ex-officio)

Principal Secretary to Govt. of Punjab

Department of Science, Technology & Environment
Chandigarh

Dr. Rajendra Singh Paroda

Nominated Member

Former Secretary,

Department of Agriculture

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

New Delhi

Dr. K.S.M.S. Raghavarao
Nominated Member

Former Director,

CSIR-Central Food Technological
Research Institute (CSIR-CFTRI),
Mysuru

Dr. Govind Kumar Makharia

Nominated Member

Professor,

Department of Gastroenterology & Human Nutrition,
AIIMS, New Delhi

Dr. Rajive N. P.

Nominated Member

Vice Chairperson,

National Innovation Foundation,
Ahmedabad

Dr. Abhay Jere

Nominated Member

Chief Innovation Officer,

Ministry of Education (Govt of India),
New Delhi

Shri R. K. Sharma

Nominated Member

Director,

Shree Baidyanath Ayurved Bhawan Pvt.
Ltd., Kolkata

Prof. Ashwani Pareek

Member Secretary (Ex-officio)

Chief Executive Officer (Additional Charge),

Center of Innovative and Applied Bioprocessing (CIAB),
Sector-81 (Knowledge City), PO-Manauli, S.AS Nagar,
Mohali-140306, (Punjab)
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GOVERNING BODY

CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

Dr. Rajesh S. Gokhale

Chairperson (Ex-officio)

Secretary, DBT & Chairperson Governing Body-CIAB,
Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,

Lodi Road, New Delhi-110003

Sh. Vishvajit Sahay

Member (Ex-officio)

Additional Secretary & Financial Advisor
Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,
Lodi Road, New Delhi-110003

Sh. C. P. Goyal

Member (Ex-officio)

Joint Secretary

Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,
Lodi Road, New Delhi-110003

Dr. Vaishali Panjabi

Member (Ex-officio)

Scientist-E & Nodal Officer,
Department of Biotechnology

Block -2, 6th-8th Floor, CGO Complex,
Lodi Road, New Delhi-110003

Prof. Ashwani Pareek
Member (Ex-officio)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing (CIAB),

Knowledge City, Sector-81, Mohali

Dr. H. Prathap Kumar Shetty

Nominated Member

Professor,

Department of Food Science & Technology,
Pondicherry University, Puducherry

Dr. S. R. Joshi

Nominated Member

Professor,

Department of Biotechnology & Bioinformatics,
North Eastern Hill University (NEHU), Shillong

Dr. G. Bhanuprakash Reddy

Nominated Member

Scientist-'G’ and Head,

Department of Biochemistry,

ICMR-National Institute of Nutrition, Hyderabad

Dr. Sridevi Annapurna Singh

Nominated Member

Director,

CSIR-Central Food Technological Research
Institute (CSIR-CFTRI), Mysuru

Dr. Sudesh Kumar

Member (Ex-officio)

Scientist-G,

Center of Innovative and Applied Bioprocessing (CIAB),
Knowledge City, Sector-81, Mohali

Sh. Anil Dhankhar

Member Secretary

Administrative Officer,

Center of Innovative and Applied Bioprocessing (CIAB),
Knowledge City, Sector-81, Mohali
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FINANCE COMMITTEE

CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

Sh. Vishvajit Sahay

Chairman (Ex-officio)

Additional Secretary & Financial Advisor
Department of Biotechnology

Ministry of Science and Technology,
CGO Complex, Lodhi Road, New Delhi

Prof. Ashwani Pareek
Member (Ex-officio)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing (CIAB),

Knowledge City, Sector-81, Mohali

Mrs. Manjula Rangarajan
Nominated Member

Former Member-Finance,

Railway Board, Ministry of Railways,
Government of India, New Delhi

Shri Tilak Raj Bajalia

Nominated Member

Former Deputy Managing Director,

Small Industries Development Bank of India (SIDBI),
New Delhi

Dr. Subhra Chakraborty

Member (Ex-officio)

Director,

National Institute of Plant Genome Research (NIPGR),
Aruna Asaf Ali Marg, New Delhi - 110067

Dr. Vaishali Panjabi

Member (Ex-officio)

Nodal Officer and Scientist-E, Department of Biotechnology
Ministry of Science and Technology,

CGO Complex, Lodhi Road, New Delhi

Sh. Anil Dhankhar

Member (Ex-officio)

Administrative Officer,

Center of Innovative and Applied Bioprocessing (CIAB),
Knowledge City, Sector-81, Mohali

Sh. Anil Dhankhar

Member Secretary (Ex-officio)

Finance Officer (Additional Charge),

Center of Innovative and Applied Bioprocessing (CIAB),
Knowledge City, Sector-81, Mohali
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SCIENTIFIC ADVISORY COMMITTEE

OF

CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

Dr. Rajesh Jain

Chairman

Managing Director, Panacea Biotec Ltd,,

B-1, Extn.-A-27, Mohan Co-Op, Industrial Estate,
Mathura Road, New Delhi - 110044

Dr. Vaishali Panjabi
Member (Ex-officio)

Nodal Officer and Scientist-E, Department of Biotechnology

Ministry of Science and Technology,
CGO Complex, Lodhi Road, New Delhi

Dr. H. Prathap Kumar Shetty

Nominated Member

Professor, Department of Food Science &Technology,
Pondicherry University, Puducherry

Dr. S. R. Joshi
Nominated Member

Professor, Department of Biotechnology & Bioinformatics,

North-Eastern Hill University (NEHU), Shillong

Dr. G. Bhanuprakash Reddy

Nominated Member

Scientist-'G’ and Head, Department of Biochemistry,
ICMR-National Institute of Nutrition, Hyderabad

Dr. Sridevi Annapurna Singh

Nominated Member

Director,

CSIR-Central Food Technological Research
Institute (CSIR-CFTRI), Mysuru

Dr. Sanjay Kumar
Nominated Member
Director

CSIR-Institute of Himalayan Bioresource Technology (CSIR-

IHBT),
Palampur, Himachal Pradesh

Dr. Kuldeep Singh

Nominated Member

Former Director

ICAR-National Bureau of Plant Genetic Resources
(ICAR-NBPGR),

New Delhi

Dr. Rajeev Kumar Varshney

Nominated Member

Research Program Director

International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT),

Hyderabad

Dr. Autar Mattoo

Nominated Member (Overseas Expert)

Plant Physiologist

USDA Sustainable Agricultural Systems Laboratory,
ARS, BARC- W, Bltsville, Maryland

Prof. Ashwani Pareek

Member Secretary

Chief Executive Officer, Center of Innovative and Applied
Bioprocessing (CIAB),

Knowledge City, Sector-81, Mohali
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CHRONICLES OF FUNCTIONALIZATION

OF

CIAB: Annual Report 2021-22

CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

April 05, 2021: Thirteenth meeting of the Governing Body
(GB) held through video-conferencing.

October 01, 2021: Thirteenth meeting of the Finance Com-
mittee
(FC) held through video-conferencing.

October 11, 2021: Ninth meeting of the Scientific Advisory
Committee (SAC) of CIAB held through video-conferencing.

October 18, 2021: Fourteenth meeting of the Governing
Body (GB) held through video-conferencing.

November 14, 2021: Ninth meeting of the CIAB Society held
at NI, New Delhi.

March 29, 2022: Fourteenth meeting of the Finance Com-
mittee (FC) held through video-conferencing.
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STAFF STATUS (AS ON MARCH 31, 2022)

SCIENTIFIC STAFF

CIAB: Annual Report 2021-22

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 Research & Innovation- System Analyst 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. 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.

CIAB: Annual Report 2021-22

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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enzyme to break the glycosidic bonds in the main

backbone chain and other linkages supporting the
side groups (4-O-methyl-d-glucuronic acid, a-L-arabinofura-
nose residues and acetyl groups). These side groups create
hindrance to the xylanase enzyme, while acting on the glyco-
sidic bond present between the xylose residues in the main
back-bone chain of xylan. The dissolution of the bonds be-
tween the xylose residues is resulted in the formation of xy-

Complete degradation of xylan requires more than one
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looligosaccharides (XOS). XOS are of great prebiotic potential
and can benefit human health by stimulating the growth of
the gut microbiota mainly comprised of Bifidobacterium spp.
and Lactobacillus spp. The partially acetylated and deacetyl-
ated XOS are reported to increase T-mitogen activity and
instigate proliferation of thymocytes in rats, suggesting their
immune-stimulatory role.
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Figure 1. Development and purification of a chimeric bi-functional enzyme for xylanase and deacetylase activity.




B
Sr. No Vmax (U/mg) Km (mM)
Kylanase 128.8 + 14.54 13.60 + 3.891
Xylan-Deacetylases 41.54 + 2.651 14.27 + 3.221

ot 2: renfes WA & ST MR TS T | el TEAT 1 e
Tl SEeEEs R feAd-udee (V) % 919 i Rt Tl ar
Hishard! SrEeTst 3R Sigderzast (B) & foy shrghfier Usiigd 3 Vmax 3R

KmAmM|

. J

Tfafeeies SueE § 99gy HU-aEiE™ & gEgieiad & forg
AT fg-hratcren UsTen SISt 3R SWersard aismadr

T 4T B T gU, U a1 e fg-shratares demen farenfaa foman
T ST SISt 31 SHIeTgelsT WishadT e § | Saiierd & 9
GH11 S/errst 3 fore shia Tenifen ofit wimeiaes gl MASK25 @
ST SUIETEAST hl IhT IS AT 37 3T shmierar o forg
T qut ST Tfre 3 fEmma ol e ot o for oA ok fom foma
AT | i ST =Tk SRTEH e TEIA STehH AT eseh Hora g1 3cad fohy
T 2 3 TSR TIE STEehAT o forg geft diSie Tamsit o sTottaeh
TeRT 1 e Teeda o1 IUINT e foRaT AT o1 et g
TSI o Y 1A Rl 3ok STRUHATTE!, STk ToTar @RI, W12 ToTaT
ST ST TTETaT G131 o T - 3HT¥a e Ye oh T TotT oh SR TR
T o 7T o | 37 o, Tard 3Tt qdeh h TS hTgh e Tea

1.31E. A ariver fdie 2021-22

T Teh o = Toma 7T T, fraH 60 0C TR TR & W1 STHeTrST 3T
SrTYeTEt A1 o fore wfshara ot | faentia anforfsaes srrerm, e
Yerdee 3R 7-UiE Ao & ereeifoiid & forg o= foram
11 GA_2(syn_SKYAPO1) T§-rraicieh USTTgH 2hl aiuIoeh SITSei
I BTEgTelTesT hid 3R STATeTdeRIzed (TFI3NTHTY) T SATET
T <hl &THAT 2hT o1 ATTUTIeh T: Haiteeh Uetred (Fet 1) 3 Tney of
%1 T At 1 GA_2(syn_SKYAPO1) & SHIErEes o foll 14.905 + 0.8
U/mg 3R STt & T 100.87 + 14.2 U/mg h1 Tafsie afshadn
o (ot 2) 1| 14T wfsharaT o1 3am TR 9T 5 37X 60 oC W v fehar
T T | SRTEHTE TEH 1 71 0C o e A9 W TR a7 71T | &t
afsharar o forg forefira shreafien Tl 1 shrdferdar 1 gfe anforcaes
ST o SAAICTAeIEed | BEgiiaiy 3R e Jedee 3R
7~ ARET T B Uifeeh uitre ol e foharm o o | festre foman

T T ~ahrataeh USTTer STl eeh heret art 14T |

TR Te-T2ag SIS Y U gt YIgha Sl -qTelIst hl ST
SI-CENST Th GooT TS Iarrst Wehat § ST gUhT Jifidca wept
gAY 2| EI-Eat 3R 3Tk TegshiehiAgpie SRafed dhar fariet i
MR Shricherd 3 folg ST STt § 1 Tot- Teaiy Smegits (Te -
FATSATE) UeeTSt X Sk WaiTid helsl & aiid qiea sl SN hidl
T S S-S T -2, S-HAA T -, Sl-cleaie §
ST, T~ aeiet ¥ Tei- Tgals 3T TA-T[els ¥ Tl -Giais |
TA-3TR3MTE gRT IS HThie HATURIEE Fepld H A AT o
T E 1 T AHIYIES 21 TR -~ FeIgIes AT § | 3 I o6
- fFAAATEEd ®Y 9TE! Sifeeh gishadr @i i@ € iR zafor,
TSR 3R UEToha Salatt ohl GOR o § g7ehT SUTNT TohaT STTal
¥ 37 go WSt BT ITEA T Y ¥ AU FRR I BT 1
1T &1 , 1o IR o Sifeeh WehR o HTeaH § UsiTgafess ufshansit gr
37k RITE! Yol fadt, 3o qeTdT o ITgehe ScTeA ohl 371 e faa
ST %1 31 FoR Umen 1 smarhefaifeen sifefam qger = g afrag
3T USTTEH 3 STTarvarsh o7t o W1-T1e fRerdientor uishan oi Rerdientor
Rufeat s aear 1

TS AT AAHe Ty (WTT) S8 ThH sTss
(ST3TITery) 3R Aedidics e A1 (THesgdeAel) gegarsih
YA 3TR Tl ATRIT0T o6 Area ¥ Usired fRdientor o foe arfgdr
T W WA FA ¥ TA- A FERRS (TA-ARATE)

-

Immobilization of L-Rl on GOx and MWCNT through surface adsorption
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B
Sr. No Vmax (U/mg) Km (mM)
Kylanase 128.8 + 14.54 13.60 + 3.891
Xylan-Deacetylases 41.54 + 2.651 14.27 + 3.221

Figure 2. Docking and kinetic properties of chimeric protein. Car-
toon representation of chimeric structure docked with xylobiose
and pnp-acetate (A). Vmax and Km values of chimeric enzyme for
two activities xylanase and deacetylase (B).

Chimeric bi-functional enzyme possessing xylanase and
deacetylase activity for hydrolysis of agro-biomass rich in
acetylated xylan

In view of this, a novel synthetic bifunctional enzyme pos-
sessing xylanase and deacetylase activity was developed. The
genes encoding for GH11 xylanase from Panebacillus strain
and xylan deacetylase from Acinetobacter pitti MASK25 were
selected and trimmed to attain the stretch of amino acids
important for their catalytic activity and proper functionality.
Five hypothetical chimeric protein sequences were generated
by random fusion and molecular simulation of all the PDB
structures for the chimeric protein sequences was performed
using GROMACS software. Out of total five sequences, three
were synthesized based upon their RMSD, global quality
scores, local quality estimation and comparison with non-re-
dundant set of PDB structures. Finally, one of the best pre-
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dicted chimeric structure was selected that possessed activity
for both xylanase and deacetylase with the stability at 60 °C.
Developed chimera was validated for hydrolysis of commmer-
cial xylan, glucose pentaacetate, and 7-amino cephalosporin.
The ability of GA_2(syn_SKYAPO1) bifunctional enzyme to
hydrolyze commercial xylan and to produce xylooligosach-
harides (XOSs) was also compared with commercial recom-
binant enzyme (Fig. 1). The GA 2(syn_SKYAPO1) possessed
the specific activity of 14.905 + 0.8 U/mg for deacetylase and
100.87 + 14.2 U/mg for xylanase (Fig. 2). Optimum level of
both the activities together was achieved at pH 5 and 600C.
The chimeric protein was also found to be stable at higher
temperature of 710C. Functionality of the developed chimeric
protein for both the activities was confirmed by the hydrolysis
of commercial xylan into xylooligosaccharides and the release
of acetic acid from glucose pentacetate and 7-amino cepha-
losporin. The designed bifunctional enzyme was found to be
highly efficient.

Immobilized L-ribose isomerase for the sustained synthesis
of a rare sugar D-talose

D-Talose is a rare aldohexose sugar and rarely exists in nat-
ural resources. D-talose and its glycoconjugate derivatives
are known for anticancer and antimicrobial activities. L-Ri-
bose isomerase (L-RI) catalyzes the transformation between
aldoses and their respective ketoses such as D-tagatose to
D-talose, D-mannose to D-fructose, D-lyxose to D-xylulose,
L-ribulose to L-ribose and L-gulose to L-sorbose. Most of the
monosaccharides produced by L-RI are less abundant in na-
ture. These monosaccharides are D and L-nucleoside analogs.
L-nucleosides form of these sugars show effective biological
activities and therefore, used in formulating antiviral and anti-
cancer drugs. These rare sugars are mainly produced through
chemical route. Recently, attention is being paid towards pro-
duction of rare sugars through biological route by enzymatic
processes due to their stereoselectivity, high efficiency and
environment-friendly nature.

The biocatalytic enactment of immobilized enzyme
mainly depends on the essential properties of the matrix and
enzyme as well as on immobilization process and immobili-
zation conditions. Carbon based nanomaterials (CNMs) such
as graphene oxide (GOx) and multiwalled carbon nanotubes
(MWCNT) preserve unique properties for enzyme immobili-
zation via covalent conjugation and physical adsorption. L-ri-
bose isomerase (L-RI) was immobilized on GOx and MWCNT

Immobilization of L-Rl on GOx and MWCNT through surface adsorption

Figure 3. Immobilization of L-ribose isomerase (L-RI) on GOx and MWCNT through covalent linkage and surface adsorption.
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through covalent linkage and surface adsorption (Fig. 3). The immobilization time, and temperature was also investigated.
hybrid composition of biocatalyst was characterized. Im- Optimized conditions were used to study enzyme kinetics,
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TTeTeRT 1: () =Tare <hl T2t 3 et 1ed <l s~ ferg) aremwifch / Sia-uge

A
Control ACP VCP
Before Digestion | After Digestion Before Digestion | After Digestion Before Digestion | After Digestion
TPC (mg GAE/q) 1697.07 £+ 41.11° | 536.924 + 19.04° | 1776.21 £ 48.85° | 580.154 + 16.32° | 1816.88 +49.66° | 609.615 + 16.32°
Digestibility % 31.63 32.66 33.52
TFC (mg Rutin/g) 17.04 £ 2.80° ‘ 1.02 £ 0.02° 24.45+7.38° | 1.60+0.11? 22.00 + 4.42° ‘ 1.51+0.01°
Digestibility % 5.98 6.54 6.86
TFOC (mg Rutin/g) 17.01+1.01° ‘ 1.34 £0.14° 21.65+3.83% | 1.71+£0.03% 20.48 + 5.24° ‘ 1.75+0.03°
Digestibility % 7.88 7.89 8.5
AC (%) 64.96 + 2.20° ‘ 33 +18.34° 7265+ 1.75° | 46.04 £ 7.57° 75.65 + 3.54° ‘ 60.87 + 4.83°
Digestibility % 50.8 63.37 80.46
B

Control ACP VCP

Before Digestion | After Digestion Before Digestion | After Digestion Before Digestion | After Digestion
TPC (mg GAE/qg) 1282.69 + 488.46° | 371.98 + 138.14° | 1769.85+31.13° | 530.96 + 122.62° 1650.64 + 158.69° | 429.17 + 114.49°
Digestibility % 29 30 26
TFC (mg Rutin/g) 10.98 + 2.42° ‘ 1.72+091° 12.32 + 3.52° | 2.08 + 1.15° 10.04 +2.79° ‘ 1.31+0.88°
Digestibility % 15.7 16.9 13
TFOC (mg Rutin/g) | 13.99 £ 1.63° ‘ 1.54 + 0.38° 14.71 £ 1.23° | 1.54 +0.20% 13.09 + 1.07° ‘ 137023
Digestibility % 1" 10.5 10.5
AC (%) 26.21+5.74° ‘ 10.22 + 0.42° 31.57 + 5.09% | 16.35 + 1.46% 32.76 + 4.49° ‘ 13.59 + 1.83°
Digestibility % 39.01 51.78 41.49

Values are means + standard deviations (SD) of triplicate repeated sets. Different superscripted letters in the same column are significantly different

(p<0.05).
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Table 1. (a) In-vitro digestibility/bio-accessibility of rice bran polyphenols and (b) In-vitro digestibility/bio-accessibility of corn bran polyphenols.
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A
Control ACP VCP
Before Digestion | After Digestion Before Digestion | After Digestion Before Digestion | After Digestion
TPC (mg GAE/q) 1697.07 £+ 41.11° | 536.924 + 19.04° | 1776.21 £ 48.85° | 580.154 + 16.32° | 1816.88 +49.66° | 609.615 + 16.32°
Digestibility % 31.63 32.66 33.52
TFC (mg Rutin/g) 17.04 £ 2.80° ‘ 1.02 £ 0.02° 24.45+7.38° | 1.60+0.112 22.00 £ 4.42° ‘ 1.51+0.01°
Digestibility % 5.98 6.54 6.86
TFOC (mg Rutin/g) 17.01+1.01° ‘ 1.34 £0.14° 21.65+3.83% | 1.71+£0.03% 20.48 + 5.24° ‘ 1.75+0.03°
Digestibility % 7.88 7.89 8.5
AC (%) 64.96 + 2.20° ‘ 33 +18.34° 72.65+1.75° | 46.04 £ 7.57° 75.65 + 3.54° ‘ 60.87 + 4.83°
Digestibility % 50.8 63.37 80.46
B

Control ACP VCP

Before Digestion | After Digestion Before Digestion | After Digestion Before Digestion | After Digestion
TPC (mg GAE/qg) 1282.69 + 488.46° | 371.98 + 138.14° | 1769.85+31.13° | 530.96 + 122.62° 1650.64 + 158.69° | 429.17 + 114.49°
Digestibility % 29 30 26
TFC (mg Rutin/g) 10.98 + 2.42° ‘ 1.72+0.91° 12.32 + 3.52° | 2.08 + 1.15° 10.04 +2.79° ‘ 1.31+0.88°
Digestibility % 15.7 16.9 13
TFOC (mg Rutin/g) | 13.99 £ 1.63° ‘ 1.54 + 0.38° 14.71 £ 1.23° | 1.54 +0.20% 13.09 + 1.07° ‘ 137023
Digestibility % 1" 10.5 10.5
AC (%) 26.21+5.74° ‘ 10.22 + 0.42° 31.57 + 5.09% | 16.35 + 1.46% 32.76 + 4.49° ‘ 13.59 + 1.83°
Digestibility % 39.01 51.78 41.49

(p<0.05).

Values are means + standard deviations (SD) of triplicate repeated sets. Different superscripted letters in the same column are significantly different

L-RI was increased by more than two-fold upon immobiliza-
tion. The bioconversion of D-tagatose to D-talose by immobi-
lized biocatalyst was 12-14%. The immobilized L-RI was found
to be efficiently recycled for 8 times. After 8 cycles of reuse,
activity recovery of L-RI immobilized on GOx and MWCNT was
55% and 41%, respectively (Fig. 4).

Assessment of the impact of cold plasma on extraction of
polyphenol from de-oiled rice and corn bran

By-products of cereals are considered as good source of bio-
active compounds such as polyphenols and dietary fiber.
Ferulic and sinapic acid belonging to class of phenolic com-
pounds are prominently found in cereal and cereal by-prod-
ucts, whilst absent from fruits and vegetables. Therefore, for
comprehensive health benefits a balanced diet supplement-
ed by fruits and vegetables polyphenols along with cereals is
suggestive. In past few years, non-thermal plasma has been
successfully applied to brown rice, purple rice, rice starch,
corn grain and corn starch for value addition. For instance,
the surface etching, and reduced cooking time of brown rice
after cold plasma treatment has been demonstrated. In addi-
tion to this, changes in brown rice texture, decreased cooking
time, improved water holding capacity has been reported af-
ter cold plasma treatment. Furthermore, improvement in the
anti-aging property of purple rice extract has been demon-
strated after cold plasma treatment.

In view of this, present study was focused on utilizing
two different set-ups of non-thermal plasma i.e., atmospheric
cold plasma and vacuum cold plasma along with convention-
al method to improve the extraction efficiency of polyphenols
from two different industrial wastes, de-oiled rice bran and
corn bran. In this regard, cold plasma at various power modes
(220V, 240V, 260V) and treatment times (5-30 min) was opti-

mized (Fig. 5). Furthermore, the impact of non-thermal plas-
ma on the extracted polyphenols from rice and corn bran was
evaluated on their efficacy through in-vitro and cell line stud-
ies. The extracted phenolic compounds from rice and corn
bran were analyzed for their bioactivity, in-vitro digestibility,
cytotoxicity and anti-inflammatory activities. In this study,
cold plasma processing was observed to significantly (p<0.05)
enhanced the content of individual polyphenols extracted
from rice bran (vanillin, ferulic acid, sinapic acid and chloro-

ol
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Figure 6. Phylogenetic tree of isolate P14
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Figure 7. a) Effect of three different combinations of medium
components (C1— C2- -, C3..) over glucose consumption and
ethanol yield by M. guilliermondii P14, b) Effects of different
fermentation temperatures (26- -, 30—, 34..) over glucose con-
sumption and ethanol yield by M. guilliermondii P14

genic acid) and corn bran (4-hydroxybenzaldehyde, p-couma-
ric, sinapic acid and ferulic acid) in comparison of conven-
tional extraction. Moreover, significant increment was also
found in total phenolic content, total flavonoid content and
antioxidant activity of extracted polyphenols. In-vitro digest-
ibility was observed higher for vacuum cold plasma treated
rice bran polyphenol, while it was higher for atmospheric cold
plasma treated corn bran polyphenols. Cell viability and an-
ti-inflammatory activity was also found to be significantly en-
hanced (p<0.05) with cold plasma extracted polyphenols. The
enhanced release of polyphenols could be due to puncture in
brans upon cold plasma treatment as revealed through scan-
ning electron microscope. Hence, present study documented
the use of atmospheric and vacuum cold plasma for the first
time for enhanced extraction of polyphenols from industrial
waste like rice and corn bran. Also, the obtained polyphenols
were observed for better in-vitro digestibility, cell viability and
anti-inflammatory activity (Table 1).

Identification and characterization of yeasts for transfor-
mation of biomass into ethanol

The lignocellulosic raw materials are generally used for second
generation ethanol production and include rice and wheat
straw, sugarcane bagasse, and corncobs. These substrates
usually contain 30-40% cellulose and 20-30% hemicellulose
which can be utilized as energy and carbon sources by yeasts
for ethanol fermentation. Other lignocellulosic substrates in-
clude energy grasses like Miscanthus, giant reed (Arundo do-
nax), and switch grass. Out of these, giant reed is a perennial
weed, belonging to family Poaceae. It is found in most of the
parts of the world with warm and temperate environment
with high relative humidity. It adapts very easily in different

CIAB: Annual Report 2021-22

environmental conditions, and can grow in marginal soils and
is resistant to biotic and abiotic stresses. Furthermore, despite
having C3 photosynthetic pathway, it has high photosynthesis
rate as well as productivity comparable to the C4 plants. In
addition, it has high EROEI (Energy returned on energy invest-
ed) value in comparison to the other energy crops. Regardless
of the high yield and productivity, this crop is not utilized for
food or feed purposes. Its commmon uses include preparation
of fences, fishing rods, musical instruments and temporary
sheds. In Punjab, India, it can be seen in many districts along-
side of the roads, near the shores of rivers or seasonal rivulets.
It is very abundant in this area and is neither harvested by
the government nor by the local citizens. Due to high and
continuous production, this weed can be used as a potential
feedstock for second generation ethanol production.

In view of this, here we have evaluated the ability of
Meyerozyma guilliermondii P14 to produce bioethanol from
pretreated biomass of giant reed (Arundo donax). The wild
yeast was isolated from its natural habitat and identified by
phylogenetic analysis (Fig. 6). Arundo donax biomass was se-
quentially pretreated by acid and alkali treatments to break
the recalcitrant structure. The pretreated biomass was anal-
ysed by FTIR spectroscopy and scanning electron microscopy
to observe the structural changes in the biomass. Pretreated
biomass was then enzymatically saccharified and the resul-
tant broth was used to produce ethanol by M. guilliermondii
P14. The fermentation parameters such as pH, temperature,
composition of media and agitation rate were optimized pri-
or to saccharified broth-based fermentations. The results of
this study revealed that the dual pretreatment of biomass
could make 90.56% cellulose accessible for enzymatic attack.
Subsequently, saccharification of pretreated biomass with
two enzyme variants showed 85-87% conversion efficiency.
Fermentation of saccharified broth resulted in 32.89g/L final
ethanol concentration at 72h (Fig. 7). This corresponded to
0.48 g/g of ethanol yield and 0.456 g/L/h volumetric produc-
tivity. M. guilliermondii is known to utilize both pentose and
hexose sugars unlike Saccharomyces cerevisiae which makes
it a major player in cellulosic ethanol production. This study
provides a significant evidence to the information pool of sec-
ond generation bioethanol production from unconventional
glucose fermenting yeasts.
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Figure 8. Morphological, microscopic, and phylogenetic analy-
sis of Meyerozyma caribbica M72: A Culture plate representing
the colonial morphology of the isolate (i); microscopic view of
the isolate (ii); and B phylogenetic tree showing maximum
similarity of Meyerozyma caribbica M72 with Meyerozyma ca-
ribbica CBS 9966 (MH545919.1).
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Figure 9. Optimization of fermentation
parameters: A time period for ethanol
production; B optimum aeration condi-
tions (RPM); C optimum sugar concen-
tration; D optimum temperature; and
E optimum pH for ethanol production
from rice straw hydrolysate by Meyero-
zyma caribbica M72.

It is further suggested to explore this yeast with higher con-
centrations of sugars and other lignocellulosic biomasses to
verify its bioethanol production potential. Furthermore, the
time course of ethanol fermentation may also be reduced by
adapting this strain or similar others to tolerate higher con-
centrations of ethanol as well as further optimization of inoc-
ulum concentration.

Salient Achievements

*

Developed a chimeric bi-functional enzyme with xy-
lanase and deacetylase activity for the hydrolysis of
agro-biomass rich in acetylated xylan.

Immobilized L-ribose isomerase on carbon nano-
materials for the sustained synthesis of a rare sugar,
D-talose. The immobilized biocatalyst governed 12-
14% bioconversion of D-tagatose to D-talose and can
be efficiently recycled for 8 times.

Cold plasma has been documented to improve the
extraction efficiency of polyphenols from two differ-
ent industrial wastes, de-oiled rice bran and corn bran.
Also, the obtained polyphenols were observed for bet-
ter in vitro digestibility, cell viability and anti-inflam-
matory activity.

Demonstrated the ability of Meyerozyma guilliermon-
dii P14 to produce bioethanol from pretreated bio-
mass of giant reed (Arundo donax).

Identified a novel yeast strain Meyerozyma caribbica
M72 from mahua flower and demonstrated its use in
bioethanol production from rice straw.
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many years because of increase in the pollution level

The concept of biodegradable plastics has emerged past

caused by non-biodegradable plastics. The term “bio-
degradable plastics” implies to the polymer capable of enzy-
matic degradation and can lead to the production of carbon
dioxide, water, inorganic compounds and biomass.

Production of polyhydroxybutyrate by bacterial fermenta-
tion, and its derivative design

Bio-polymers, synthesized by microorganisms as lipid inclu-
sions for energy storage in granular forms inside the cellular
structure, are polyhydroxyalkanoates (PHAs). Poly D (-) 3-hy-
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Figure 1. General flow diagram for PHB production by Bacillus

cereus.
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droxybutyrate (PHB) are now emerging as a potential source
for biopolymer production as they resemble similar properties
as of propylene. PHB is a naturally synthesized, membrane
bound organic inclusion body that contains polyhydroxybu-
tyrate molecules joined by ester bonds between the carboxyl
and hydroxyl groups of adjacent molecules. They are accu-
mulated as energy resource in more than 300 bacteria, both
gram positive and gram negative. The accumulation of PHB
depends upon the ratio of carbon and nitrogen source pres-
ent in the media composition during fermentation. They ac-
cumulate in distinct bodies, around 0.2 to 0.7 uym in diameter,
that are readily stained with Sudan black for light microscopy
and are clearly visible in the electron microscope.

The microbe to be used in this study was isolated
from soil sample from the potato field. In this study, several
bacteria were isolated and screened. They were grown in a LA
media with antifungal and screened for biosynthesis of PHB
using Sudan black B dye. A gram-positive bacterium based
on Grams Staining was isolated from given soil sample. The
bacterium was further grown on KG Agar medium supple-
mented with polymyxin B antibiotic for further screening.
Based on the morphological, physiological and biochemical
characteristics, the isolated stain was identified as the Bacillus
species. Bacterial cultures were preserved and propagated by
streaked on to Luria agar slants, incubated at 37°C overnight
and then refrigerated at 4°C for further use. The fermenta-
tion was carried using 2 stage fermentation in shake flask ex-
periments with Bacillus cereus with glucose as sole carbon
source. Analytical estimation of different parameters during
fermentation: Different parameters including pH, absorbance,
microscopy, sugar content, nitrogen content was determined
after every 4-6 hours till 24-48 hours during fermentation. The
16 S ribosomal RNA gene sequencing was used to carry out
BLAST with the database of NCBI GenBank. Based on max-
imum identity score first ten sequences were selected and
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Figure 2. Molecular phylogenetic analysis by maximum likeli-
hood method. Identification was carried out using 16 S ribosom-
al RNA gene sequencing based molecular method. Organism
GHSO06 showed high similarity with Bacillus cereus based on nu-
cleotide homology and phylogenetic analysis.
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aligned using multiple alignment software program Clustal
W. Distance matrix was generated and the phylogenetic tree
was constructed using MEGA 7. Organism showed high simi-
larity with Bacillus cereus based on nucleotide homology and
phylogenetic analysis. The sequence data have been submit-
ted to NCBI GenBank having accession number MF134407.1
Sudan black B was introduced as a specific fat stain for the
detection of lipids in tissue sections by L. Lison in 1934, Sat-
urated solutions of Sudan black B in 70% alcohol or in eth-
ylene glycol stain the fat bodies of bacteria a deep blue-black
colour that is distinguish feature of Bacillus cereus. The fer-
mentation step was carried out in a two stage shake flask fer-
menter. In this level, cell growth had increased and pH had
declined after 24 hours of incubation. The media allowed the
growth and development of microbe. After 6 hours, the total
PHB yield was 22.56 % per cell dry weight (CDW). However,
PHB yield declined after 24 hours to 11% CDW.

Preparation of polyhydroxybutyrate based biocomposites,
its characterization and comparative study of Young's
Modulus

Composite materials are made up of two or more phases,
to finally obtain a new material with better properties, at a
lower price. They have replaced many conventional materials
for various applications, mainly due to their ease of manufac-
ture, lower weight, and lower processing costs. However, for
some applications, the neat properties that polymeric mate-
rials exhibit do not meet the market requirements, inducing
the use of reinforcing agents. Apart from numerous different
polymeric materials, PHB is fully biodegradable under vari-
ous ecological factors. Even so, the polymer could be convert-
ed back to carbon dioxide, water and energy by biological
decomposition. PHB degradation in the ecosystem or are at
temperature seems insignificant and therefore has a stable
life. Blending PHB polymers with appropriate plasticisers, sta-
bilizers, matrixes, fillers and compatibilizers could likely form
stable composite materials. As a result, the composite may
have improved physio-chemical properties compared with
the traditional polymers. Entire operation may therefore have
an influence on the incidence of deterioration of the compost
film made.

For the preparation of one of such biocomposites,
polyhydroxybutyrate may be used as better alternative. PHB
is a polyester produced during nutrient limiting conditions by
different bacterial spp. It is a biodegradable polymer with a
good thermal and mechanical properties. The properties of a
composite material are determined by the properties of the
constitutive materials. Hence in this study, two other different
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polymers were selected along with PHB- cellulose acetate
and cellulose nanocrystals. There are several characteristic
features of these polymers. Cellulose acetate is another bio-
degradable polymer which is acetate ester of cellulose and is
made by reacting cellulose with acetic acid. CNC is a carbohy-
drate polymer consisting of glucose sub-units.

Biodegradable PHB films preparation by solvent
casting is one of the easy method to carry out. Solvent cast-
ing enables tunability of mechanical and optical properties of
the film through the variation of processing parameters such
as solvent casting time and temperature. The solvent casting
process is capable of producing ultra-thin films that have high
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Figure 3. The bacteria were rod shaped; Gram's positive due to

appearance of purple colour cell wall. The fat globules of PHB

were seen when the cells were stained with SSB stain.

optical clarity and porous films that can degrade rapidly in
physiological conditions. Despite these advantages, the add-
ed cost and hazards that come with solvents has limited sol-
vent casting to niche applications such as cellulose triacetate
films for photographic sheets. Hence in this study, PHB was
fabricated with another biopolymer CNC and cellulose ace-
tate. The properties were compared with other composites
prepared at different concentrations. The tensile strength of
all the composites were tested at 0 days and 30 days of inter-
val.

Selection of concentration of constituents: For preparation
of biocomposites, different concentration of PHB, cellulose
acetate (CA) and cellulose nanocrystals (CNC) were weighed
and dissolved in suitable organic solvent DMSO at optimum
temperature and RPM. Composites were prepared using sol-
vent casting method. DMSO was selected as solvent to pre-
pare biocomposites. Initially measured amount of PHB was
added in DMSO under continuous stirring. PHB was dissolved
after 30-40 minutes at 150°C at constant stirring. After com-
plete solvation of PHB, temperature was lowered to 70°C.
Then cellulose acetate and CNC were added slowly to same
solution. The reaction was proceeded for 60 minutes at under
constant temperature and stirring. When clear liquid appears,
then solution was poured into polystyrene Petri plates. The
solution was allowed to get evaporated for 48-72 hours in hot
air oven After drying, the film was carefully peeled off from
the Petri plate using pointed spatula. Then the formed com-
posites were subjected for tensile testing.

Tensile testing: Tensile test was done by ultimate tensile ma-
chine (Ultimate Tensile Strength AGX- V Series 50kN, Shimad-
zu) at room temperature with a crosshead speed of 1 mm/
min. All the composites for testing were cut into rectangle
shape with 20 mm wide and 90 mm long. The thickness of
the all the cut composites were measured using Vernier Cal-
iper. The cut composites were placed between the load cells
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Figure 4. Concentration profiles of cell concentration, pH, and re-
sidual glucose nitrogen content from 0-24 hours of fermentation
of production media by Bacillus cereus.
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and its gauge length were measured. Then the test was per-
formed for the different samples. The samples were tested
immediately after processing (0O days) and after 30 days of
aging at room temperature. All the samples were stored at
room temperature until tested.

Characterization: The prepared biocomposite were subject-
ed for different characterization such as morphological analy-
sis and tensile strength.

Morphological Analysis of bio composites: Many of pre-
pared composites were transparent while some were hazy.
They were flexible to a little extent. All the composites pre-
pared have uniform thickness. They were easy to peel off from
the Petri plate (figure 5).

Tensile strength: PHB is known by its physical aging and sec-
ondary crystallization. So, the mechanical performance de-
pends on time after its processing. For such a reason, tensile
properties (Young's modulus) have been assessed after pro-
cessing (0 day) and after 30 days stored at room temperature.
Young's modulus is also known as modulus of elasticity, is
mechanical property of a material to withstand the compres-
sion or the elongation with respect to its length. It is ratio
of stress and stress of material. The tensile strength of PHB
based biocomposites decreased with time irrespective of its
concentration. There was reduction in young's modulus of
elasticity and a variation in its tensile behaviour due to ag-
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ing. The cause for such behaviour is attributed to secondary
crystallization and the physical aging of the amorphous re-
gion in the biocomposites (Figure 6). However, when the PHB
concentration at its minima led to the significant increase in
tensile strength of 9 mg CNC-CA biocomposites after 30 days
of processing. The similar trend was observed with other CNC
concentration keeping PHB at its minimum (Figure 7). Never-
theless, the role of PHB cannot be ignored as it significantly
enhances the tensile strength of naive CA composites upto
22.19 N/mm2 (figure 8). There was significant increase in ten-
sile strength all the biocomposites with least amount of PHB.
Hence, comparing with all the results, T mg PHB with 9 mg
CNC and CA was selected as the most suitable candidate for
further composite preparation. The properties of cellulose
composites were enhanced with incorporation of either CNC
or PHB. However, minimum concentration of PHB as filler led
to significant increase in tensile strength of biocomposites.
The tensile properties of CA biocomposites were enhanced
furthermore by the incorporation of both CNC and PHB. CNC
provides crystallinity to the composites increasing its strength
further.

Supercritical CO2 Extraction of Bioactive Compounds from
Lagerstroemia speciose

There is a growing demand for healthy food products since
more and more people are concerned about their health.
Consequently, many researchers are searching for new, nat-
ural, and valuable bioactive compounds. It is crucial to pro-
duce such things with the minimal cost at the same time.
Combining revolutionary plant biomass conversion technol-
ogies lowers the production costs while also allowing for the
development of new value-added products and chemicals.
Lagerstroemia speciosa (Banaba) is the source of key ingre-
dient that shows antidiabetic property for which it receives
great attention from ancient time. Researchers have evident
its cholesterol reducing properties efficiently. Still the mole-
cule has limit for its abundancy in use may be due to its high
production cost that is 43S behind every milligram. The high
production cost is directly related to its extraction methods.
It is also the consequence of the utilization of more energy
and expensive organic solvents. To the best of our knowledge,
no existing company is there except Sigma Aldrich which
deals with pure Corosolic in India. The aim of this study was
to evaluate the best extraction parameters for antidiabetic
compound from L. speciosa considering its economic sustain-
ability. The leaf of L. speciosa were collected from CIAB cam-
pus, grinded using mass collider and sieved through 200 pm
sieve to keep biomass of equal size during every extraction.
The powder was then extracted using CO2 supercritical fluid
extractor. The extract was collected and then purified with
column chromatography using Diaion HP 20. The presence
of antidiabetic compound in the fraction was confirmed with
help of HPLC. The results obtained on laboratory equipment
may be applying for upscaling the processes to pilot plant
and finally industrial levels. Consequently, the results of the

Vs

Figure 5. (a)1 mg PHB with CA and CNC (b) 8 mg CNC with PHB and CA (c) CA-8 mg CNC.
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Figure 6. Comparative representation of tensile strength of PHB
reinforced biocomposites at various concentration with cellulose
acetate and CNC.

study may be considered as the first and important step for
the commercialization of the developed biorefining schemes.
Collection of plant leaves and its Pre-treatment: Lagerstro-
emia speciosa leaves were collected from CIAB campus, Mo-
hali, Punjab. The leaves were thoroughly washed with tap
water and dried in a fluidized bed dryer (SM Scientech, pilot
scale) for 48 hours at 52 °C. The dried leaves were grinded
into fine powder using a mass collider (Masuko Japan, MK-
CA6-2J). It was stored in air tight jar for further use. The mois-
ture content of the dried leaves was analysed using aczel MB
200 moisture analyzer.

Extraction methods: For extraction of desired compounds
from leaves, 4 different techniques were used namely mac-
eration, Soxhlet extraction, Ultrasonication assisted extraction
extraction and super critical fluid extraction. For both these
process, different solvents were used such as methanol, ac-
etone, and ethanol and optimised for the same at different
temperature and solvent concentration.

Maceration; Methanol as solvent: 5 gm of dried L. speciosa
powder was extracted in 50 mL of absolute methanol under
vigorous stirring at room temperature for 2 h. The solid phase
was removed after filtration via filter paper (Whatman filter
paper, Axiva 11 pm). The solvent was evaporated under re-
duced pressure using IKA RV 10 rotary evaporator. The crude
extract then freeze-dried to remove residual moisture, and re-
served in a container at 4 °C until analysis.
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Figure 7. (a) Comparative representation of tensile strength of
PHB reinforced biocomposites keeping constant concentration
with cellulose acetate and PHB. The concentration of CNC is var-
ied.
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Acetone as solvent: 5 gm of dried L. speciosa powder was
extracted in 50 mL of 61% acetone under vigorous stirring at
room temperature for 2 h. The solid phase was removed after
filtration via filter paper (Whatman filter paper, Axiva 11 pm).
The solvent was evaporated under reduced pressure using IKA
RV 10 rotary evaporator. The crude extract then freeze-dried
to remove residual moisture, and reserved in a container at 4
°C until analysis.
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Figure 8. Comparative representation of tensile strength of only
CA composites, CA-PHB and CA-CNC.

Solvent-solvent extraction: 5 gm of dried L. speciosa powder
was extracted using 50 mL methanol-acetone (1:1, v/v) with
stirring at room temperature for 15 h. The resulting solution
was filtered then the residues were extracted twice with 25
mL ethyl acetate at ambient temperature for 15 h. The super-
natant was combined and the solvent was recovered by vacu-
um distillation. The remaining residues were further digested
with 10 mL of 6 M HCl at 40 °C for 2 h then neutralized with
NaOH solution. The final solution was extracted three times
with ethyl acetate then concentrated under vacuum at 40 °C
to yield the crude extracts. All the filtrate were combined and
evaporated under vacuum distillation. The extract was freeze
dried to remove residual moisture and powder was stored at
4 °C for further analysis.

Soxhlet extraction: Methanol as solvent Extraction in a Sox-
hlet apparatus (Glassco, 500 mL) was performed using meth-
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Figure 9. (a) Development of HPLC for the detection of Corosolic
acid (b) Detection of corosolic acid in Supercritical CO2 extract.
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Figure 10. Comparison of effect of differential extraction methods on corosolic acid yield.

(.

anol-water (80% v/v) and 50 g of L. speciosa dried powder. The
extraction was performed at 78°C for 6 h. After completion
of extraction the extract was filtered through Whatman filter
paper (Axiva, 11 pm) and solvent was recovered by vacuum
distillation. The extract was freeze dried to remove residual
moisture and reserved in a container at 4 °C until analysis.
Ethanol as solvent: Extraction in a Soxhlet apparatus (Glassco,
500 mL) was performed using ethanol-water (80% v/v) and 50
g of L. speciosa dried powder. The extraction was performed
at 78°C for 6 h. After completion of extraction the extract was
filtered through Whatman filter paper (Axiva, 11 pm) and sol-
vent was recovered by vacuum distillation. The extract was
freeze dried to remove residual moisture and reserved in a
container at 4 °C until analysis.

Ultrasonication assisted extraction extraction; Methanol
as solvent: The dried Lagerstroemia speciosa (5 gm) leaves
were extracted with 50 mL of methanol under ultrasonication
(40kHz) for 3 times with 30 min. for each time. The methanol
extract was combined and filtered after cooling. The metha-
nol was evaporated under reduced pressure, freeze-dried, and
reserved in a container at 4 °C until analysis.

Ethanol as solvent: The dried Lagerstroemia speciosa (5
gm) leaves were extracted with 50 mL of ethanol under ul-
trasonication (40kHz) for 3 times with 30 min. for each time.
The methanol extract was combined and filtered after cool-
ing. The methanol was evaporated under reduced pressure,
freeze-dried, and reserved in a container at 4 °C until analysis.
Acetone as solvent: The dried Lagerstroemia speciosa (5 gm)
leaves were extracted with 50 mL of 61% acetone under ul-
trasonication (40kHz) for 3 times with 30 min. for each time.
The methanol extract was combined and filtered after cool-
ing. The methanol was evaporated under reduced pressure,
freeze-dried, and reserved in a container at 4 °C until analysis.
Supercritical fluid extraction: The SFE extraction experiments
were carried out using a SFE system (SFE-Helix, Allentown,
USA) as schematically shown in Fig.2. In this extraction meth-
od, liquid CO2 was supplied from a CO2 cylinder through a
siphon tube and then introduced into the system through a
dual piston pump. The pump was designed and operated for
pressures up to 69 MPa. This system accommodated an ex-
traction vessel for supercritical CO2 extraction. The fluid was
heated to its supercritical status through a preheater and a
heating jacket around the vessels. A robust variable restrictor

valve was used to control the flow rate. In order to prevent
sample plugging, the restrictor was warmed electrically. A
second pump was used for the addition of an organic modi-
fier into the system.

HPLC Analysis: HPLC analytical method was carried out on
Agilent system 1100 HPLC system (Agilent Technologies, Palo
Alto, CA, USA). A sample of 10 pL was injected into an Agi-
lent Zorbax XDB column (250 mm x 4.6 mm, particle size 5
pm) coupled with a C18-type guard column (Phenomenex,
Torrance, CA, USA). The flow rate was set to 1 mL/min. Mobile
phase consisted of acetonitrile and methanol (80:20, v/v).

Salient Achievements

¢ Retention time and suitable mobile phase for the
separation of corosolic acid in HPLC have been de-
tected successfully.
Ethanol has high influence on the extraction of coro-

solic acid (1200 pg/gm).

Ethanol has high influence on the extraction of overall
phytoconstituent.

A total of 36 components have been detected in Sox-
hlet ethanol extraction.
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i T " [ d-spacing [ Lattice | Specific | Pore | Pore |
Entry Catalysts (A parameters (A) area volume size i
a c (mig) (cmg) (nm) {Hmolgy
1 NifZro; 29570 3.5829 | 5.2364 | NA NA NA NA
2 NilTisZra 2.9474 3.5725 | 5.2158 | 13 0.049 15 22.18
3 NilTisZry 2.9436 3.5686 | 52069 | 124 0.045 14.5 | 19.07
4 NifNbyZra 2.9531 3.5789 | 52276 | 189 0.063 134 | 3853
5 NifNbyZry 29512 35746 | 52260 | 19.8 0.057 116 | 33.54
(a) 2dsint=nA
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plenty indicates its potential substitute for fossil fuels for

fulfilling society’s needs in terms of energy. Among LCB's
major fractions, lignin is a complex aromatic heteropolymer
with high C/O content. Currently, lignin produced from the
pulp and paper industry remains underutilized as a low-val-
ue fuel source. The pyrolysis of lignin to bio-oil is a promis-
ing approach and exhibits a good fuel source. However, the
high oxygen content in the form of -OCH3 and -OH groups
provoke corrosive behaviour and reduce storage stability, thus
limiting the potential of oil transportation. To overcome these
issues, hydrodeoxygenation (HDO) can be employed to facil-
itate the oxygen content in aromatic compounds efficiently.
The previously reported catalytic systems encounter signifi-
cant challenges, such as a large amount of Ni employed, the
selectivity towards hydrogenation products and inadequate
oxophilic sites. Hence, the current work reports the synthesis
of Ni-doped (typically 3wt%) mixed metal oxide supports by

The terrestrial lignocellulosic biomass (LCB) available in
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incorporating Ti or Nb into the ZrO2 network to enhance ox-
ygen vacancy sites and their catalytic activity towards anisole
HDO in a continuous-flow reactor. The oxygen vacancy sites
of the Ni/NbZr and Ni/TiZr catalysts are examined using tech-
niques such as XPS, O2-pulse chemisorption and XRD and
discussed accordingly. This work has already been published
in the journal of Catalysis Communications (Catal. Commun.
164 (2022) 106436).

Hydrodeoxygenation of Anisole as Model Compound: A Step
Towards Bio-oil Upgradation

Catalyst preparation and characterization and catalytic test-
ing: Ni (3wt%) loaded on mixed oxide supports (Ni/Ti1Zr1,
Ni/Ti1Zr4, Ni/Nb1Zr1 and Ni/Nb1Zr4) was prepared. The
catalytic activity of the prepared materials was tested in a
high-throughput kinetics screening setup (HTK-S). The pre-
pared Ni-based mixed oxide catalysts were characterized
with various techniques, X-ray diffraction (XRD), N2-sorption,

Table 1. Physiochemical properties Ni-based mixed metal oxide catalysts.
i o [ d-spacing | Lattice [ Specific | Pore | Pore |
Entry Catalysts (A parameters (A) area volume size i
a c (mig) (cmg) (nm) {Hmolgy
1 NifZro; 29570 3.5829 | 5.2364 | NA NA NA NA
2 NilTisZra 2.9474 3.5725 | 5.2158 | 13 0.049 15 22.18
3 NilTisZry 2.9436 3.5686 | 52069 | 124 0.045 14.5 | 19.07
4 Ni/NbZrs 2.9531 3.5789 | 52276 | 189 0.063 134 | 3853
5 NifNbyZry 29512 35746 | 52260 | 19.8 0.057 116 | 33.54
(a) 2dsint=nA
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Figure 1. XRD patterns of Ni-based TiZr and NbZr mixed oxide catalysts.
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ammonia-temperature programmed desorption (NH3-TPD),
X-ray photoelectron spectroscopy (XPS), O2-pulse chemisorp-
tion, HR-TEM and EDS, temperature-programmed oxidation
(TPO) and elemental analysis (CHNSO).

Catalyst characterization: The surface area, pore size and
pore volume of the mixed oxide catalysts are presented in
Table 1. Ni/TiZr catalysts showed a slightly lower specific sur-
face area and pore volume than the corresponding Ni/Nbzr
catalysts, while the pore size of the former was larger than
that of the latter. The total number of acid sites was slight-
ly higher in Ni/Ti1Zr4 and Ni/Nb1Zr4 than Ni/Ti1Zr1 and Ni/
Nb1Zr1 catalysts, indicating the contribution of acid sites
from ZrO2. The monoclinic and tetragonal phase of ZrO2
and a fraction of TiO2-anatase or Nb2O5-hexagonal phase
appeared in the case of Ni/Ti1Zr4 and Ni/Nb1Zr4 (Figure 1).
A phase transformation of ZrO2 fromm monoclinic to tetrago-
nal and an increased intensity ascribed to TiO2-anatase and

Nb205-hexagonal peaks were observed as the concentration
of TiO2 and Nb205 increased in Ni/Nb1Zr1 and Ni/Ti1Zr1.
Further, a slight shift of the peak corresponding to the tetrag-
onal plane of ZrO2 was observed from 30.20 to 30.34 (Ni/TiZr)
or 30.26 (Ni/NbZr) due to the incorporation of Ti and Nb into
the ZrO2 matrix, substantiating the formation of Ti1-xZrxO2
and Nb1-xZrxO2 solutions as in line with the changes in the
lattice parameters (Table 1).

A slight decrease in lattice parameters can be at-
tributed to the contraction of the ZrO2 (ionic radius of Zr4+:
0.84 A) lattice due to incorporating an atom with a smaller
ionic radius, Ti4+ (0.64A) or Nb5+ (0.7A). Moreover, no peak
related to NiO was observed, suggesting either a high disper-
sion or a quantity below the detection limit. The HRTEM-EDS
elemental mapping images displayed that Ni/Ti1Zr4 and Ni/
Nb1Zr4 had a more uniform distribution of Ni than Ni/Ti1Zr1
and Ni/Nb1Zr1, which showed dense TiO2 and Nb205 parti-
cles, respectively. In addition, elemental mapping images of
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Figure 2. The XPS spectra of OTs of Ni-based TiZr (left) and NbZr (right) mixed
oxide catalysts.
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Catalysts 0OSC (mmol/g) Op/Oasp
NiTinZr 0.029 0.407
NiTinZrs 0.100 0471
NiNb1Zr1 0.045 0.375
Ni/ND1Zrs 0.087 0.453
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Table 2. The OSC and oxygen vacancy sites of mixed metal oxidg
catalysts.

Catalysts 0OSC (mmol/g) Op/Oasp
Ni/Ti1Zr1 0.029 0.407
Ni/Ti1Zra 0.100 0.471
Ni/Nb1Zr1 0.045 0.375
Ni/Nb1Zra 0.087 0.453
§ J

Ni/Ti1Zr4 and Ni/Nb1Zr4 showed that the Ti or Nb and Zr are
homogeneously distributed in the mixed oxide catalysts. XPS
spectra of Ni2p3/2 of mixed oxide catalysts showed a major
peak at 855.35 eV, which can be attributed to Ni2+ on the sur-
face. However, in the case of Ni/Nb1Zr4, the major peak slight-
ly shifted towards higher binding energy, which is attributed
to strong metal-support interactions. A satellite peak at 861.7
eV was also observed. A spin-orbit doublet peak belonging to
Zr3d of ZrO2 was observed at 181.8 and 184.2 eV, indicating
that zirconium is in Zr4+ state (not shown). Similarly, a dou-
blet peak corresponding to Ti2p of TiO2 and Nb3d of Nb20O5
was observed at 458.2 and 463.9 and 206.8 and 209.5 eV, re-
spectively. Moreover, it can be noted that the binding energy
of both Ti4+ and Nb5+ slightly shifted to lower binding energy
from 458.07 to 457.82 eV (Ni/Ti1Zr4) and 206.74 to 206.56 eV
(Ni/Nb1Zr4), respectively, manifesting the transfer of an elec-
tron from ZrO2 to Nb20O5 and TiO2, resulting in the formation
of Ti-O-Zr or Nb-O-Zr network. This reduction process ensured
the generation of oxygen vacancy sites by partial reduction of
Ti4+ and Nb5+, leading to a slight shift towards lower binding
energy (458.07 to 457.82 eV) and (206.74 to 206.56 eV), re-
spectively.

Figure 2 displays the spectra of O1s peak of mixed
oxide catalysts, and after deconvolution, two major peaks
were observed at 529.6 and 530.7 eV, attributed to the lat-
tice oxygen (Oa) and oxygen vacancy or adsorbed oxygen
(OB), respectively. Interestingly, the oxygen vacancy concen-
tration (OB/Oa+OB) was significantly higher in Ni/Ti1Zr4 and
Ni/Nb1Zr4 than in Ni/Ti1Zr1 and Ni/Nb1Zr1 (Table 2), as the
uncertainty on an XPS peak fitting is orders of magnitude
smaller than the difference between the measured values. To
substantiate further, the amount of oxygen vacancy sites was
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confirmed in terms of OSC by oxygen pulse chemisorption
analysis (Table 2). The oxygen storage capacity determined by
pulse chemisorption correlates with the oxygen vacancy de-
termined by XPS analysis, as observed in the previous studies.
Ni/Ti1Zr4 and Ni/Nb1Zr4 possessed a significantly higher OSC
than Ni/Ti1Zr1 and Ni/Nb1Zr1, respectively, indicating the en-
hancement of oxygen vacancies as consistent with the XPS
results (Figure 2).
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Figure 4. H2-TPR profile of Ni-based mixed oxide catalysts.

H2-TPR profile of Ni/Ti1Zr1 showed a low-intensity peak at
357 °C, corresponding to NiO (Figure 3). This peak slightly
shifted to lower temperature with a slight increment in H2
consumption in the case of Ni/Ti1Zr4, indicating the incre-
ment of lower-temperature-reducible NiOx species. Likewise,
a similar shift was observed in Ni/NbZr catalysts, further vali-
dating that increasing the ZrO2 content facilitated the forma-
tion of easily reducible species. Moreover, a more pronounced
peak was observed at around 585 and 700°C for Ni/TiZr and
Ni/NbZr catalysts, respectively, corresponding to NiOx strongly
interacting with the support.
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Figure 5. The plausible reaction pathway for HDO of anisole over
Ni supported on mixed oxides. MT:methyl transfer, DMT: demeth-
ylation, DMO:demethoxylation, DDO:direct deoxygenation.
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Catalytic activity: The catalytic activity of mixed metal ox-
ide catalysts was examined through anisole HDO in the
HTK-S (Figure 4). Ni/Ti1Zr1 maintained its anisole conver-
sion at around 10%, with an increased selectivity to phenol
from 40 to 62% and a decreased benzene selectivity from 24
to 6% during the time on stream (TOS) for 24 h (Figure 3a).
When employing Ni/Ti1Zr4, the anisole conversion started at
roughly 30%, subsequently decreasing to 10% under identical
conditions (Figure 3b). Interestingly, the benzene selectivity
began at 63% and declined to 33% as the phenol selectivity
increased from 10 to 37%, indicating a higher deoxygenation
ability of Ni/Ti1Zr4. The rationale behind the higher catalytic
activity was that Ni/Ti1Zr4 had 3.5 times higher OSC than Ni/
Ti1Zr1 (Table 2), suggesting Ni/Ti1Zr4 possessed much more
oxygen vacancy sites, facilitating anisole adsorption followed
by HDO on or in the vicinity of Ni sites producing benzene.

In addition, XPS results revealed that Ni/Ti1Zr4 pos-
sessed slightly more oxygen vacancy sites than Ni/Ti1Zr1 (Ta-
ble 2), favouring the preferential adsorption of anisole. In gen-
eral, oxygen vacancy sites of a catalyst facilitate the adsorption
of oxygenates such as anisole, leading to high HDO activity,
as observed in the previous studies. Due to higher OSC and
oxygen vacancy sites, a similar catalytic activity discrepancy
was observed between Ni/Nb1Zr4 and Ni/Nb1Zr1 (Table 2).
Ni/NbZr catalysts exhibited a slightly higher conversion of
anisole in the first two hours than the titanium counterparts
which was attributed to the superior oxophilic character of
Nb compared to Ti. A plausible reaction pathway is proposed
based on the results obtained in our work, complemented by
literature reported results (Scheme 1). During the initial hours
of reaction, the formation of benzene, methane and phenol
was predominantly observed. No demethoxylation was ob-
served, i.e.,, methanol was absent in the product stream, indi-
cating that the reaction proceeded via demethylation (DMT)
of anisole to form methane and phenol. Further, benzene
formation suggested the direct deoxygenation (DDO) of phe-
nol. The demethylation of anisole over Ni together with TiZr or
NbZr oxides was attributed to the preferential cleavage of Ca-
liphatic-O on the Ni metal sites. This latter bond has an 84 kJ/
mol lower bond dissociation energy than CAr-O. Differences
in reaction chemistry on metal and oxophilic sites have been
demonstrated before for anisole HDO over Pt, Ru and Fe on
SiO2. Pt and Ru/SiO2 showed facile cleavage of Caliphatic-O
(demethylation) of anisole to form phenol, followed by deox-
ygenation to form benzene due to the higher hydrogenation
ability of Pt and Ru. Fe/SiO2, on the other hand, exhibited
direct deoxygenation of anisole to form benzene due to the
oxophilicity character of Fe, demonstrating that the reaction
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pathway depends on the hydrogenation ability and the oxo-
philicity of the metal.

Furthermore, the DDO of phenol to benzene could
be promoted by the strong interaction of phenolic oxygen
with the oxygen vacancy sites in Ni/Ti1Zr4 and Ni/Nb1Zr4 by
reducing the energy barrier required for the C-O bond cleav-
age. Interestingly, no hydrogenation products of benzene
were observed, indicating the strong metal-support interac-
tion between Ni and TiZr or NbZr, as in line with the H2-TPR
results. In addition, the limited formation of transalkylation
products, such as methyl anisole, dimethyl phenol (DMP) and
toluene, could be attributed to Ni sites along with acidic sites.
Further, the low toluene yield could also stem from o-cresol
DDO (Scheme 1). The catalytic activity of the best catalyst Ni/
Nb1Zr4 was investigated further by increasing the space-time
to 1740 kgcat s molanisole-1; no significant changes in the
product distribution were observed though the conversion
increased by 20% during the first two hours, subsequently lev-
elling off to around 30%.

The conversion of anisole over Ni/Ti1Zr4 and Ni/
Nb1Zr4 catalysts steeply declined during the first 6 h TOS
and remained almost unchanged afterwards, up to 24 h.
Correspondingly, the benzene selectivity decreased, and the
phenol selectivity increased more gradually as a function of
TOS. The initial sharp decline in conversion was most likely
caused by the catalyst “breaking in”, i.e. the catalyst settling
in its new environment. Further deactivation was attributed
to the accumulation of phenolic species over oxophilic sites
and the deposition of carbon species over Ni sites. Elemen-
tal and TPO analysis of the spent catalysts corroborate that
the deactivation can be attributed to carbon deposition on
all catalysts. A more thorough analysis of the spent catalyst
will determine whether the carbon deposition on Ni sites was
effectively more pronounced than the phenol accumulation
on the oxophilic sites. This would mean that the decreasing
benzene selectivity overtime occurs intrinsically and is not just
the result of a conversion effect.

Salient Achievements

¢ Enhanced the oxygen vacancy sites formation and
oxygen storage capacities anisole improve the HDO
activity of Ni catalysts in terms of conversion and the
product distribution.
Ni catalysts on Ti or Nb modified ZrO2 supports al-
lowed establishing this effect when the modifier was
incorporated in a 1:4 ratio, i.e, Ni/X1Zr4 (X=Ti or Nb)
catalysts were outperforming the Ni/X1Zr1 ones.
The oxophilic sites (oxygen vacancy sites) favoured
more facile adsorption of anisole than other, non-ox-
ygenated, aromatic compounds, thus enhancing the
selectivity towards the deoxygenated product (ben-
zene). Moreover, the strong metal-support interaction
reduces the hydrogenation capacity.
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n recent years, photoluminescent carbon nanoparticles

(also known as carbon dots, CDs) is emerging in the fields

of nanotherapeutics, self-healing, bioimaging, catalysis, bio-
chemical sensing, energy storage, electronics, solar cells, and
to name a few ascribed to its light-absorbing and emitting
characteristics. It can be obtained from the abundant and
inexpensive carbon sources like activated carbon and lig-
nocellulose materials; therefore, it is classified as a low-cost
carbon nanomaterial. A typical quasi-OD carbon-based ma-
terial measures the size <10 nm. Furthermore, it offers excel-
lent photostability, higher photogenerated charge separation,
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and energy carrier transfer capacity, low toxicity, tunability,
biocompatibility, etc. These features further extend its appli-
cation in photocatalysis, electrocatalysis, sonocatalysis, photo
electrocatalysis reactions for degrading organic pollutants,
water splitting, CO2 to CO reduction, and other chemical con-
versions towards developing a cost-effective catalytic technol-
ogy. The key elemental species in the material are carbon (as
sp2/sp3 form), oxygen, and hydrogen, which tend to engage
a variety of functional groups, especially hydroxyl and carbox-
ylic, enabling the surface functionalization and fluorescence
properties. From the overall studies, the functionalization of
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the CDs material is achieved via heteroatom doping or sur-
face modification to improve its physico-chemical properties.
The former technique enables an intrinsic property change via
doping of metal elements. Conversely, the latter method al-
lows varying the active sites and functional groups on the sur-
face of CDs depending on the active surface groups as a result
of coordinated electrostatic interaction with the functional li-
gands. However, it offers a slight complexity than the former.
But it produces a solid substance exposing unique properties
attributed to the improvement in the quantum yield enabled
by surface passivation to facilitate specific catalytic reaction.
Small organic molecules, like hexadecyl trimethyl ammoni-
um bromide, tyramine, L-cysteine, and folic acid are regularly
used for surface modification of CDs.

Sulphonated carbon dots synthesized through a one-pot,
facile and scalable protocol facilitates the preparation of
renewable precursors using glucose/levulinic acid

The lignocellulose value-addition via biorefining is typically
conducted under strongly acidic conditions, especially via
heterogeneous solid-acid catalysis owing to the facile recov-
ery for reuse option. This helps in a significant reduction of
the product’s overall manufacturing cost. Deriving the poten-
tial fuel range chemicals from the abundant lignocellulosic
materials is believed to be the viable option to reduce the
dependency on fossil reserves and greenhouse gas emissions.
Typical acidic catalysis of bioderived carbohydrate (glucose)
ends in levulinic acid (LA) yield via sequential isomerization
(yielding fructose) and dehydration (yielding 5-hydroxymeth-
ylfurfural, HMF) reactions. Of the identified bioderived plat-
form chemicals via chemical catalysis, HMF is considered an
important intermediate (building block compound) in the
preparation of direct fuel range chemicals, including 2,5-di-
methylfuran (DMF). The DMF possesses an ~40% higher ener-
gy density than the conventional petroleum fuel and can be
directly used in spark-ignition engines owing to its reactive
functional groups, like alcohol and aldehyde. For HMF prepa-
ration, till date, a variety of solids, including Amberlyst-15,
ZSM-5, Sn-Ta205 and other Brgnsted-acid catalysts (like sul-
phonated carbonaceous materials developed via oxidation of
sulfuric acid with carbon materials and germanium(lV) chlo-
ride), have been developed and exploited. All these varieties

were reported to have an acid density between 0.37 and 1.34
mmol H+/g and enabled the glucose to HMF conversion under
slightly severe conditions (120-140 °C for 2-4 h). The develop-
ment of acidic density under user-friendly conditions and the
catalyst's less stable characteristics under harsh conditions
are the major challenges in the catalysis method. Besides,
typical sugar(s) conversion accompanies an uncontrolled deg-
radation to unwanted products, reducing productivity and of-
fering complexity in the product downstream. Another variety
of bioderived chemical that has the potential in fuel applica-
tions is ethyl levulinate (EL) can be derived using bioderived
LA via esterification. It can be used as a direct blending agent
in internal combustion engines. Upon blending, it increases
the lubricity and conductivity of diesel. However, it possesses
a relatively lower cetane number. Its preparation when us-
ing LA is reported productive under strong acidic conditions,
enabling a near-complete esterification of LA under milder
conditions (120 °C up to 2 h). Heteropolyacid, zeolites, metal
oxides, sulphonic acid-functionalized materials are identified
as prominent solid-acid catalysts for the catalysis.

In the present study, we introduced a new variety of
low-cost catalyst (CDs) containing sulphonyl groups derived
from a cheap p-toluenesulphonic acid (PTSA) via thermal-
ization protocol to prepare the renewable fuel-grade chemi-
cals. In perception, the exhibiting strong acidic conditions by
the catalyst favor the transformation of bioderived glucose
into HMF and LA into EL. The characteristic material expos-
ing excess carboxylic functional groups can accommodate
maximum external -SO3H groups via surface functionaliza-
tion; therefore, the -SO3H groups offering the Brgnsted acid-
ic sites could effortlessly activate the HMF synthesis reaction.
However, its stability (i.e., decomposition of sulphonyl groups)
under higher thermal conditions (>150 °C) is doubtful. Due
to this, the catalyst's performance evaluation was restricted
to only glucose dehydration to HMF and LA esterification to
ethyl levulinate (EL) reactions within the sequence of deriving
energy products directly from biomass. Typically, a harsher
condition is maintained for LA preparation, i.e, 180 °C for 2-4
h. In this way, the study could establish the versatility of CDs-
SO3H in the application of renewable chemicals preparation
towards biomass value-addition.
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Effectiveness of as-synthesized CDs-SO3H on glucose de-
composition to HMF: The critical reaction parameters, such
as reaction temperature, time, and medium composition,
were chosen to determine the efficacy of CDs-SO3H, accord-
ing to the literature. A conventional optimization method was
followed to study the impact of the processing variables on
glucose degradation to HMF. Reports frequently highlight
that fructose is highly favorable for enriched HMF synthesis
rather than glucose; however, the feasibility of its commercial
production using the abundant lignocellulosic biomass con-
taining nearly ~40% glucose in the form of cellulose biomass
is uncertain. But the typical glucose isomerization to fructose
is a challenging interconversion via chemical route due to its
equilibrium nature and undesirable sugar degradation. From
an industrially feasible perspective, we employed glucose as
a substrate to produce HMF via heterogeneous catalysis using
CDs-SO3H. The initial verification of the performance of the
catalyst made in an aqueous condition at 130 °C for 8 h result-
ed in poor productivity (only 9% HMF formation with 33% se-
lectivity). This is likely caused by a usual sugar(s) degradation,
yielding a varied range of unwanted side products, including
humin. Otherwise, the catalyst showed its ability to promote
the sugar(s) decomposition >50% ascribed to the strong acidic
sites offered by the -SO3H groups, as affirmed by analytical
techniques. From the literature, many supplemented organ-
ic co-solvents, specifically DMSO, THF, and EtOH, in a water
medium to avoid side reactions. Considering the simplicity of
THF, like low-boiling and facile separation with the addition
of NaCl forming a biphasic layer, we chose THF as a co-solvent
for the catalytic reaction. To confirm its participation in the
reaction, we evaluated the efficiency of plain THF, which af-
forded an ~39% HMF concentration and 54% selectivity under
similar operating conditions (Fig. 3a). However, the result is
not up to the mark. Worthwhile that glucose to HMF conver-
sion first undertakes isomerization followed by dehydration
to yield HMF. Specifically, the primary sugar interconversion
is a thermodynamically equilibrium reaction, which excels in
water medium ascribed to their (glucose and fructose) higher
dissolution capacity. Contrarily, the secondary transformation
is reported productive in organic solvents because it enables
the continuous extraction of HMF as soon as it forms and pro-
tects it from further degradations, i.e., rehydration to LA. Thus,
the relatively lower result of plain THF can be interpreted as
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the ineffective primary sugar transformation in an organic
solvent. Therefore, different combinations of the aqueous-or-
ganic mixture (such as 1:1, 2:1, and 1:2 v/v of THF-H20) were
assessed. Apparently, the water content offered a significant
impact on the product formation (Fig. 3a); of all ratios, the 2:1
ratio enabled a better HMF yield (66% mol) and selectivity
(88%), which is comparatively 10-29% higher than the other
combinations, under the random reaction conditions (130 °C
for 8 h). The result also verifies the significant role of organ-
ic solvent by having physical coordination with the product
molecule (HMF), thereby controlling the unwanted rehydra-
tion in the presence of water. This could be accounted for
enriched product synthesis. These findings can be correlated
to the results of other combinations of THF-H2O that have
varied levels of THF (Fig. 3a). Additionally, in understanding,
the free hydroxyl groups in the medium could initiate glu-
cose degradation. The unoccupied carboxylic groups of the
catalyst could influence the dehydration reaction. With these
influences in both primary and secondary transformations of
glucose, the system achieved maximum HMF formation with
selectivity, which is attributed to the less LA formation under
relatively lower temperature conditions than in the literature
(Table S1).

Upon selection of reaction medium, optimization
of other reaction variables (independent) was performed by
varying one factor at a time. The effect of temperature was
studied in the range from 100-150 °C; apparently, it had a sig-
nificant impact on the product yield (Fig. 3b). A linearly rising
trend of reaction response (HMF conc.) was observed at each
10 °C increase up to 140 °C, where attained maximum prod-
uct formation. Suggesting that it requires higher activation
energy. However, the further increased temperature affected
the product formation (~1%-point decrease in yield with 4%
selectivity), which is likely caused by the enhanced product
degradation under higher severity conditions (i.e., Brgnsted
acid sites and elevated temperature). Typically, the higher
temperature leads to an accelerated HMF degradation. Glu-
cose also tends to undergo degradation to an extent; this in-
dicates that the glucose and HMF side reactions are sensitive
to temperature changes. Favorably, the catalyst enabled max-
imum productivity under the relatively lower temperatures is
accredited to the increased number of acidic sites. Likewise,
the effect of time (up to 12 h) and catalyst loading (up to
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60%) were evaluated by keeping other parameters constant
(2:1 ratio of THF/H20 and 140 °C). The responses were found
to closely resemble the effect of temperature, ie, the HMF
conc. increased only up to the optimum and beyond, had a
reduction in the product yield due to the reaction harshness
(Fig. 3c&d). Overall, regardless of the nature of the indepen-
dent variables, all of them had a significant impact on glucose
decomposition in the presence of CDs-SO3H. After all, the set-
up afforded an ~82% (mol.) HMF yield and 82% selectivity un-
der the optimum conditions (140 °C for 10 h at 50% catalyst
loading) through the attainment of nearly complete reactant
conversion (~99%) (Scheme 2). This is ascribed to the uniform
distribution of the -SO3H groups on the surface of CDs to per-
form continued glucose catalysis. The plain PTSA could afford
30% HMF through a near-complete substrate consumption
of ~97%; this expresses the hyperactive nature of PTSA on
the synthesis of unwanted degradation products rather than
HMF. The enriched product synthesis using CDs-SO3H can
be interpreted as the coordinated activity of both CDs and
-SO3H species via controlling the side reactions and accel-
erating the substrate decomposition. Moreover, the result is
comparable to the literature reports employing the complex
catalysts under slightly higher severity conditions (Table S1).

Effectiveness of CDs-SO3H on LA esterification to alkyl
levulinate(s): In addition to the analytical characterization,
the promising yield results of HMF synthesis using glucose
established the acidic characteristics of the as-synthesized
CDs-SO3H. Suggesting, Brgnsted acid sites are favorable for
an enriched HMF synthesis. Considering the proficiency of
CDs-SO3H, it was employed for the esterification of LA into
EL. The conversion is simply the replacement of a carboxylic
group of LA using EtOH with the release of a water molecule
as a reaction side product under medium/strong acidic con-
ditions. The random catalytic conditions to study the effect of
time on the formation of LA were chosen from the literature
(1:8 ratio of LA/EtOH mol, 25 °C and 1.5% catalyst load). The
prolonged reaction up to 9 h at room temperature enabled
a maximum product concentration (i.e., ~80% mol. yield and
94% selectivity) (Figs. 4a and S7a&b). The consistently improv-
ing product concentration with respect to the time (up to 2.5-
fold) indicated that time significantly impacts EL formation.
Interestingly, the catalyst promoted the reaction at low-tem-
perature conditions (25 °C), reaching up to 85% LA conversion;
this implies that the process can be cost-effective. Similarly,
the effects of the catalyst loading on the substrate and con-
centration of EtOH were verified. They had a similar response
as the effect of time (Fig. 4b&c), i.e, a linear increment with
product concentration up to the optimum and beyond, a sig-
nificant decrement in the product development (~3-points
decrease in EL selectivity and higher LA consumption) due to
LA degradation under higher severity conditions. The higher
LA utilization can be correlated to the unwanted side reac-
tions under an increased number of catalytic sites. Thus, the
catalyst load of 5% wt. and 12-times EtOH volume were ob-
served to be the optimum conditions for maximum EL syn-
thesis. Characteristically, it is an equilibrium conversion and
thus, achieving a near-complete conversion in a batch reactor
setup is an achievement. This is attributed to the continuous
dissolution of the water molecules by excess EtOH. This action
can be verified from the result of the effect of EtOH, which
shows the attainment of a 2-fold higher EL concentration
when the size of EtOH increased to 12-times. Once again, the
catalyst assisted in a neat conversion of LA to EL under rela-
tively lower temperature conditions is attributed to the nano-
sized CDs exposing a higher number of Brgnsted acidic sites.
From the results, all reaction parameters were very influential.
Furthermore, the catalyst's potential was assessed in the syn-
thesis of other LA esters, such as ML and 1-BL, under optimum
conditions. The reactions achieved a similar yield result of 80%
and 74%, respectively (Figs. S8a&b and S9). The slightly lower
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yield of 1-BL is likely caused due to the increased number
of carbon atoms, which can offer stearic hindrance to form-
ing the intermediate(s). Similarly, for comparison, the perfor-
mance of PTSA was evaluated under similar conditions and
observed that it could enable a moderate LA esterification,
yielding an ~56% EL and 86% selectivity. Whereas, the reaction
without the catalyst resulted in less or no formation of EL.
While comparing the results with the literature, the catalyst
outperformed the reaction, achieving a better result of 85%
EL yield and 92% selectivity (Scheme 3) under relatively lower
operating conditions (i.e., 25 °C for 9 h) (Table S2).

Here, we presented a new method of synthesizing
a low-cost carbon-based Brgnsted acid catalyst (CDs-SO3H)
via the one-pot technique for its application in bioderived
glucose conversion. The commercially available inexpensive
PTSA was used as a precursor to obtaining a solid acid cata-
lyst exhibiting a higher acid density of 1.028 mmol/g; this also
expresses the large-scale preparation feasibility of the catalyst.
The results demonstrate the versatility of CDs-SO3H in the
preparation of fuel-grade compounds. However, its instability
under higher thermal conditions (2200 °C) expelled it from
the preparation of LA preparation using glucose; this affects
the sequential transformation of lignocellulose to a direct en-
ergy compound (i.e, EL). The catalyst had a smooth execu-
tion of the reaction, achieving as high as 82% HMF yield (82%
selectivity) via dehydration and 85% EL yield (92% selectivity)
via esterification under modest reaction conditions. Moreover,
the catalyst showed proficiency in the preparation of other va-
rieties of levulinic acid alkyl esters (such as ML and 1-BL). Thus,
the novel synthesis method delivers a nanocatalyst that can
permit a nearly complete occupancy of the surface area with
-SO3H groups to offer the Brgnsted acidic sites and promote
the substrate(s) conversion under a relatively lower operating
condition. Overall, the setup represents a low-cost process-
ing technology to directly convert the bioderived molecules
into potential fuel-grade compounds to reduce reliance on
non-renewable petroleum fuels.

MgO/CaO nanocomposite facilitates economical produc-
tion of D-fructose and D-allulose using glucose and its re-
sponse prediction using a DNN model

In this activity, we developed a method for the economical
production of fructose and allulose (a valuable byproduct)
directly from glucose over MgO/CaO nanocomposite un-
der an aqueous condition. The catalyst containing MgO and
CaO at an equal proportion helped manipulate the inherent
characteristic of CaO, particularly strong basicity and surface
properties. The analytical characterizations revealed that the
structural assembly is such that MgO settles at the surface
to initiate the isomerization reaction by providing a higher
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Figure 4. Overall conversion mechanism of glucose to fructose
and other side-products through the formation of ene-diol inter-
mediate over MgO/CaO in an aqueous condition.
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number of weak/medium base sites. The beneath CaO un-
dertakes the sequential conversion of the enol-intermediate
to ultimate fructose and byproducts (mannose and allulose),
as shown in Fig. 1. Thus, catalysts accelerated the glucose in-
terconversion to obtain as high as 33% wt. fructose yield with
80% selectivity within 15 min. At the same time, it also initiat-
ed the C-3 fructose epimerization to yield allulose (a low-cal-
orie sugar molecule). Moreover, the adopted DNN modeling
well predicted the catalytic response as MAE <5%. The tech-
no-economic analysis estimated the minimum selling price of
different products as US $ ~4/kg (fructose), $ ~4/kg (mannose),
and $ ~10/kg (allulose), as shown in Fig. 2. Furthermore, the ki- . =
netics of the MgO/CaO (1:1 ratio) catalyzed reaction disclosed Sa I I e nt Ac n I eve m B nts
that the conversion obeys the first-order kinetics with a rate

constant (k) of 7.34 x10-4 s-1. Thus, the process represents an

economical and scalable technology for the sustainable pro- ¢ The hierarchal arrangement of the active species al-
duction of sugar(s) using glucose that can be obtained from lowed the reactions to proceed in a cascade fashion,
the abundantly available lignocellulosic biomass substrates. i.e,, glucose isomerization followed by dehydration. Of

all the as-synthesized catalysts that contained varied
Sn levels employed for the catalysis, ST1 having 1% Sn
prompted the reaction, enabling maximum produc-
tivity, i.e, 57.2% wt. 5-HMF yield and 80.2% selectivity
under modest reaction conditions.

The facile one-pot setup represents an industrially
feasible and sustainable processing model for direct
glucose conversion to 5-HMF.

The MgO/CaO nanocomposite attained the maximum
conversion (fructose 33% wt. with 80% selectivity, al-
lulose ~3% wt. and mannose ~4% wt.) within 15 min,
which is quite shorter than the typical heterogeneous
catalysis.

The tentative economic analysis estimated the MSPs
of fructose, mannose and allulose products as US S
391/kg, S 4.12/kg and S 10.22/kg, respectively, which
are relatively cheaper than the current market price
of the products.
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available biopolymer having antioxidant, antibacterial,

UV-blocking, adhesiveness and other properties. In this
regard, lignin is a potential material for the development of
functional materials such as nanomaterials, coatings, films,
catalyst, and so on. A lignin-based CdS quantum dots were
synthesized using a simpler technique and further developed
as coating material. Such material demonstrated potential
antibacterial activity after being exposed to light. Such coat-
ing has the capacity to disinfect biomedical devices and per-
sonal protective equipment.

Lignin generated from agricultural waste is a widely

Utilization of agri-biomass-based lignin to derive function-
al materials for various applications

In addition, lignin was used to prepare TiO2 and ZnO nanopar-
ticles, which were then doped into a lignin-based coating.
Such nanoparticles have been utilized in numerous photo-
catalytic applications such as dye degradation using meth-
ylene blue (MB) and congo red (CR) dyes. Lignin also played
pivotal role in reducing and stabilizing agent which convert
copper salts into copper ions and then stabilize in the form
of nanoparticles. Additionally, significant pathogen inhibition
was achieved with lignin-based copper oxide nanoparticles.
As a result, lignin-based products can be utilized as economic
and biocompatible materials to demonstrate pathogen erad-
ication as coatings and films for waste water clean-up.

Lignin-based CdS dots as heavy metal & pathogen sensers
and wearable photodynamic coatings: Lignin, a natural bio-
polymer, is a sustainable and safe source to fabricate nanoma-
terials and coating agents for use in biomedical applications.
We have therefore developed a simple, one-pot, and green
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tional materials, polypyrrolic compounds.

strategy to prepare lignin-based cadmium sulphide quantum
dots (L@CdS QDs) for use in sensing and photodynamic ther-
apy applications. Characterization of quantum dots was done
to validate the synthesis of the fluorescent probe, QDs. In this
line, UV-Vis spectrum was recorded, in which the characteris-
tic peak of lignin was found at 280 nm symbolizing to T - *
transition of the phenolic groups available in lignin. Figure 1
(i) a shows the unique shoulder of L@CdS QDs at 365 nm
depicting a redshift in the standard lignin absorbance peak
which provides a shred of evidence for the deposition of CdS
QDs inside the lignin matrix. Figure 2 (i) b displayed that the
highest emission of the L@CdS QDs was observed at 490 nm.
Next, the high-resolution transmission microscopy (HR-TEM)
image of lignin-derived CdS QDs [Figure 1(ii) a, b], reveal that
the CdS QDs are embedded on the lignin matrix which con-
firms the successful synthesis of the CdS QDs. Notably, lignin
has been utilized as a stabilizing agent for the development
of quantum dots. The high-resolution transmission electron
microscopy (HRTEM) showed that the CdS QDs have been
embedded in the lignin matrix exhibited an average particle
size of 5 nm.

Initially, such lignin-based QDs were utilized in
heavy metal sensing by screening a large range of metals (e.g.
Hg2+, Co2+, Zn2+, Pb2+, Ni2+ Cu2+). These QDs were highly
selective towards sensing mercury and copper ions present
in various water samples (Figure 2). The lignin-based QDs
were also effective towards bacterial sensing. The promising
reactive oxygen generation capability of such quantum dots
prompted us to explore their potential in light-assisted anti-
bacterial photodynamic activity (@PDT). Benefiting from the
ease of synthesis and promising photodynamic properties,
the QDs were next employed for the fabrication of wearable
coatings. Interestingly, such lignin-based QD-derived coatings
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Figure 1. (i) (a) TEM image of L@CdS QDs
at 50 nm scale; (b) and (c) HRTEM images
of L@CdS QDs 10 and 2 nm scale, respec-
tively; (d) Enlarged HRTEM image of a CdS
QDs with the spacing value of (111) plane,
showing at 0.33 nm at 2 nm scale. (ii). (a)
UV-Vis absorption spectra of L@CdS QDs
and lignin. Inset showing photograph-
ic images in daylight (left) and under UV
lamp (right). (b) Fluorescence spectra of
L@CdS QDs of emission maxima at 490
nm with excitation wavelength 365 nm.

were highly effective to eradicate bacteria from personal pro-
tective equipment and biomedical devices as shown in Figure
3 (such as mask, gloves, and scissors, etc.). This work paves a
smart way to design natural biopolymer-based nanomateri-
als with the capability to disinfect personal protective equip-
ment and biomedical devices.

Lignin-based metal oxide and bimetal oxide (ZnO,
TiO2, and ZnO-TiO2) nanocomposite synthesis, characteriza-
tion and application in photocatalysis: In recent years, TiO2
and ZnO nanoparticles have been utilized in numerous pho-
tocatalytic applications. These nanoparticles have been exten-
sively considered owing to their good photocatalytic activi-
ty, cost effectiveness, stability, and nontoxicity. The TiO2 and

ZnO-based nano-photocatalyst have some disadvantages
such as wide bandgap, and recombination of electron-hole
pairs limiting their practical use. The use of coupled photo-
catalyst is considered as an alternative to enhance the pho-
tocatalytic activity of metal oxide nanoparticles (MONPs) by
preventing electron-hole pair recombination.

Earlier research studies have shown that combining
ZnO and TiO2 into a hybrid nanocomposite could increase
their photocatalytic ability. The combining of TiO2 and ZnO
guenches the recombination rate of electron-hole pairs there-
fore greater photocatalytic efficiency can be accomplished.
So far, there are limited reports on the synthesis of ZnO-TiO2
nanoparticles by different procedures. However, most of the

Visible light

+ + +
~ ~ ~
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Figure 2. Digital image of L@CdS QDs to evaluate the sensing ability towards different metal ions (Hf2+,
Mn2+, Al3+, Hg2+, Co2+, Zn2+, Pb2+, Ni2+, Cu2+, and Cr2+).
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Figure 3. (a) Schematic illustration for the
light-induced antibacterial photodynamic
therapy with L@CdS QDs used for the pro-
duction of ROS. (i) The L@CdS QDs (dark
blue color) is applied onto a topographi-
cal surface. (ii) The bacterial attack occurs
on the surface of L@CdS QDs. (iii) L&CdS
QDs enable ROS generation under the ac-
tivation of the light. (iv) The released ROS
triggers bacterial death using L@CdS QDs
upon light irradiation. (b) Images of differ-
ent substrates: (i) scissor, (ii) gloves, (iii) mask,
and (iv) paper coated with L@CdS QDs (red
encircled). (c) Antibacterial photodynamic
performance of L@CdS QDs coated area of
(i) scissor, (ii) gloves, (iii) mask, and (iv) paper
against E. coli cells; Black bars signify the
CFU on agar plates in dark conditions as
control and red bars after light treatment
for 1 h (**P < 0.0001 vs control, red bars are
showing significant in bacterial colony re-
duction).

Uncoated Coated

reported methods for the synthesis of ZnO-TiO2 nanoparti-
cles involve the use of high temperature, surfactant, and tox-
ic chemicals necessitating the invention of green synthesis
methods. In this work, a new green approach for synthesizing
ZnO-TiO2 utilizing lignin as a capping and stabilizing agent
was designed. The synthesis procedure for the development
of lignin-based bimetal oxide nanocomposite is shown in the
schematic diagram (Figure 4).

The photocatalytic efficiency of the lignin-based
metal oxide/bimetal oxide nanocomposites was assessed
by the dye degradation method using methylene blue (MB)
and Congo red (CR) dyes. Different parameters for the meth-
ylene blue and Congo red dye degradation were optimized.
The % dye degradation by the lignin-based nanocomposites
was calculated. The results of photocatalytic degradation of
methylene blue (MB) are shown in Figure 5. It is observed that
the photocatalytic degradation of MB on ZnONCs was faster
than on TiO2NCs, BMONCs, and commercial ZnO and TiO2
nanoparticles. 96% M.B was removed within 120 min with

ZnOKL NCs. However, TIO2KL NCs and BMOAL NCs showed
relatively lower activity and only removed 92.0% and 87% MB,
respectively (Figure 5). In comparison with lignin-MONCs, the
commercial ZnO and TiO2 nanoparticles showed quite lower
activity and only removed 54% and 42% MB dye, respectively
(Figure 5). The results of photocatalytic degradation of Congo
red (CR) dye are shown in Figure 3. It is observed that the
photocatalytic degradation of CR dye on ZnONCs was faster
than on BMONCs, TiO2NCs, and commercial ZnO and TiO2
nanoparticles. 100% MB dye was removed within 8 h with
ZnOKL NCs. However, ZnOAL NCs showed relatively lower ac-
tivity and only removed 58.0% CR dye (Figure 6). Among BMO
NCs, BMOKL was better than BMOAL, BMOKL showed 88% CR
removal as compared to 72% in case of BMOAL NCs. In com-
parison, TiO2 NCs showed comparatively lower CR removal
ability, 55 and 60% for TiIO2AL and TiO2KL NCs, respectively.
In comparison with lignin-ZnOKL nanocomposites, the com-
mercial ZnO and TiO2 nanoparticles showed comparatively
lower activity and removed 85% and 87% CR, respectively (Fig-
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Figure 5. Photocatalytic degradation of the methylene blue dye
by ZnOKL NCs, ZnOAL NCs, TIO2KL NCs, TIO2AL NCs, BMOKL NCs,
BMOAL NCs, ZnO commercial NPs, and TiO2 commercial NPs un-
der UV irradiation of 2 h.
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Figure 6. Photocatalytic degradation of the congo red dye by
ZnOKL NCs, ZnOAL NCs, TiO2KL NCs, TiO2AL NCs, BMOKL NCs,
BMOAL NCs, ZnO commercial NPs, and TiO2 commercial NPs un-
der UV irradiation of 8 h.

ure 6). The ZNnOKL NCs degraded 96% MB dye and 100% of CR
dye under UV irradiation of 2 h and 8 h, respectively.

Lignin derived copper oxide nanostructures for pathogen
inhibition

Microbes show antibiotic resistance through mutation in
the DNA during replication, after mutation microbes having
a specific gene which resist to antibiotics. The antimicrobi-
al functionality of the copper ions is associated with various
mechanisms, including damaging the microbial DNA, altering
bacterial protein synthesis and altering membrane integrity.
This property of copper ions is important as it means that no
mutation can occur. Lignin has various properties such as ad-
hesiveness, antioxidant and UV-protection, Lignin also works
as reducing and stabilizing agent which convert copper salts

into copper ions and then stabilize in the form of nanoparti-
cles. Lignin was successfully utilized as reducing and stabi-
lizing agent for the synthesis of copper oxide nanoparticles
(L@CUONPs). The lignin derived copper oxide NPs was syn-
thesized using an economic, feasible, greener and single step
method (Figure 7a). Four different copper salts were used
for the production of L@CUONPs. After calcination, the L@
CUuONPs was characterized by DLS, UV-Vis spectroscopy, HR-
TEM, FE-SEM, FTIR, and XRD analysis. The spherical shape of
the nanoparticles was observed with ~30 nm size when cop-
per chloride salt was used (Figure 7c). Whilst, the nanowire
shape particles were observed using cupric nitrate trihydrate,
cupric acetate and copper(ll) sulfate pentahydrate with ~100
nmMx30 nm and ~5 nm internal diameter (Figure 7d). Polypyr-
rolic photosensitizers were than conjugated over the surface
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Figure 7. a) Synthesis of lignin
derived copper oxide nanopar-
ticles/nanowires; b) Conjugation
of photosensitizers (PSs) onto L@
CuONPs and its UV spectra; c)
HR-TEM image of L@CUONPs; d)
HR-TEM of L@CuO wires; e) Anti-
microbial activity of L@QCUONPs/
nanowires.
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of L@CUONPs which was characterized by UV-Vis spectros-
copy, DLS, FTIR, XRD, HR-TEM analysis. The size of nanopar-
ticles and nanorod were increased after the conjugation. A
peak at ~495 nm was observed with 280 nm and 220 nm in
the UV spectra (Figure 7b). Further, antimicrobial activity was
performed using three different strains Gram negative, Gram
positive and fungi. A significant pathogen inhibition was ob-
served with L@CUONPs (Figure 7e). Therefore, lignin derived
copper oxide nanoparticles can be utilized as economic and
biocompatible material for the inhibition of pathogens.
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Salient Achievements

.

Lignin based CdS dots were synthesized for sensing of
heavy metals and bacteria. Further lignin based CdS
dots were utilized as wearable photodynamic coat-
ings on surgical instruments and PPEs.

Lignin-based bimetal oxide nanocomposites were de-
veloped and successfully applied in the photocatalyt-
ic degradation of common industrial dyes

Lignin derived biocompatible copper oxide nanoma-
terials were synthesized, characterized and directly
utilized in pathogen inhibition.
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BIOPRODUCT
CHEMISTRY

he plants belonging to genus Cymbopogon (Family-
Gramineae) are cultivated around the world for their
commercial essential oils. On-farm extraction of aroma
oil from Cymbopogon species results in the generation of
spent waste which currently have very limited applications.
Major portion of spent waste is disposed in landfill or left for
a natural way of biodegradation while a handful of this is
burned to generate steam during the essential oil extraction
from the plants. Open burning of spent aromatic waste may
cause the environmental pollution.

Solvothermal conversion of spent aromatic waste to ethyl
glucosides

Alkyl glucosides represent an important class of non-ionic
compounds that exhibit excellent surfactant properties. Ow-
ing to their low toxicity, biodegradable nature, and benign en-
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Surendra Jatav
Mangat Singh
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Pooja Negi

Jyoti

Expertise: Natural product isolation, semi-synthetic

approaches for flavor & fragrance, nutraceutical & func-
tional foods.

vironmental character, these bio-based molecules are wide-
ly used as the emulsifiers in variety of cosmetics, food, and
pharmaceutical products. In general, the alkyl glucosides are
synthesized from sugars and higher alcohols via the Fischer
glycosidation in presence of acids as catalyst. Earlier, a variety
of acids such as HCl, H3PO4, HNO3, H2S04, etc., have been
tested for conversion of sugars to alkyl glucosides at high tem-
peratures (200-280 °C) and pressure (3-5 MPa). However, cor-
rosion effects of homogeneous acids, high cost of the materi-
als used for the construction of the reactors, non-selectivity of
products, gypsum formation during neutralization after reac-
tion with H2SO4, and formation of inhibitory by-products are
some potential drawbacks. In addition, the metal impurities,
coloured side products, etc, often pose difficulty in product
purification.

In recent years, the biomass liquefaction in presence
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Figure 1. Proposed reaction pathway for cellulose to liquid products.
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Liguified products yield (wi%)

Citronella grass.

Palmarosa

Lemongrass
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Liguified products yield (wit%)

Citronella grass.

Palmarosa Lemongrass

Figure 2. Yield of liquid products by thermochemical lique-
faction of biomass..

of solvents under mild temperatures (~150-200 °C) has greatly
attracted the chemist and technologists. Earlier, acid cata-
lysed liquefaction of bamboo biomass in ethanol has been
prospected to afford alkyl-xylosides/glucosides as product.
However, conversion of raw biomass under such a short re-
action period may instigate an early decomposition of hemi-
celluloses before the cellulose, thus, results in a low selectivity
of products. Ethyl xylosides are formed predominantly while
ethyl glucosides are obtained as minor due to a partial break-
down of cellulose. One wise way to increase the selectivity in
product formation is to overcome the biomass recalcitrance
factors, such as cellulose crystallinity and lignin. Various phys-
ical and chemical methods, e.g,, milling, energy irradiation,
steam expansion, use of acids, NaOH, urea, ionic liquids, etc.,
have been prospected. Biological pre-treatment, such as the
application of ligninolytic enzymes has also been reported.
Therefore, we investigated a green and efficacious protocol for
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liguefaction of spent aromatic waste by reaction with p-CSA
in ethanol to afford a mixture of ethyl glucosides as product
in good yields and selectivity.

Preparation of biomass: Aromatic spent waste was obtained
from CIAB-farm, Mohali-140306, Punjab, India. The waste was
shade dried till the moisture content reached <7 wt%. Grind-
ing of the shade dried material with a commmercial grinder
furnished the pieces of biomass in reduced size (~0.5 mm, 30
mesh). Laboratory analytical procedures of National Renew-
able Energy Laboratory (NREL) were followed to determine
the carbohydrates and lignin (LAP 009), ash (LAP 005), and
moisture content (LAP 012).

Biomass pre-treatment: A dry and powdered spent waste
of palmarosa was reacted with p-CSA in water (solid liquid
ratio, 1:10) under the autoclave condition. After completion,
the reaction mixture was allowed to come at room tempera-
ture. Unreacted biomass was filtered out from reaction mix-
ture. Concentration of monosaccharides (e.g., xylose, glucose,
arabinose, etc) and degradation products (e.g. acetic acid,
formic acid, etc) in the biomass hydrolysate were validated
by HPLC analysis. Results established a pre-dominant forma-
tion of D-xylose as the major product (~16% yield) due to a se-
lective hydrolysis of biomass contained xylan polysaccharides
while glucose, arabinose, acetic acid, etc, were all together
obtained in a very low concentration.

Production of ethyl-a- and B-glucopyranosides: A high pres-
sure glass tube (120 mL, Ace Glass, USA) containing etha-
nol (20 mL), and p-CSA (1.0 g) was loaded with pre-treated
biomass (1.0 g). After complete loading, the glass tube was
sealed with a silicone stopper followed by refluxing at 180 °C
for 5h. After completion, the heating was terminated, and the
tube was taken out of the oil bath for cooling. Centrifugation
of reaction mixture caused the pellet formation. Pellet was
removed, dried, and kept separately. Retentive ethanol phase
comprising liquid products was validated by HPLC method of
analysis to detect and quantify the small chain carboxylic ac-
ids, monosaccharides (such as, glucose, fructose, xylose, and
arabinose), and their esterified products (such as ethyl-a- and
B-glucopyranosides).

Figure 3. Comparison of HPLC chro-
matograms of liquid phase obtained
by processing of palmarosa biomass
(18), lemongrass (19) and citronella
grass (20) with the analytical stan-
dards of ethyl-a-D-glucopyranoside
(5); ethyl-B-D-glucopyranoside (6);
glucose (8); xylose (9); levulinic acid
(23).
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Figure 4. FT-IR of standard lignin (Std-LGN) and lignin
isolated from palmarosa (PLM), lemongrass (LMN) and
citronella grass (CTR).
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In the plausible mechanism for such a highly selective degra-
dation of cellulose to EDGP, it may be assumed that the p-CSA
causes a rapid degradation of cellulose to glucose (Figure 1).
EDGP in the reaction mixture is formed by a direct reaction
of glucose with ethanol. EDGP once formed in the reaction
matrix, is sufficiently stable to the acidic condition, such as its
further isomerization to ethyl-D-fructofuranoside (EDFF) and
dehydration to EMF could not be observed. Once the proto-
col was successfully established for the selective conversion of
palmarosa biomass to afford EDGP in high yields, it was next
applied to other biomasses, such as lemongrass and citronel-
la, results summarized in Figure 2.

Recovery of lignin from residual biomass: Liquid products
including monosaccharides, carbohydrate degradation prod-
ucts (e.g., acetic acid, formic acid, levulinic acid, etc.), and alkyl
glucosides (ethyl-a-D-glucoside and ethyl-pB-D-glucoside) in
the biomass hydrolysate were quantified by the HPLC method
of analysis. A direct comparison was made with the commer-
cial analytical standards of monosaccharides, carboxylic acids,

and ethyl glucosides. Chromatographic settings followed are
detailed as: Hi-Plex H column (Agilent), 300 mm length, 8 mm
porosity, 5 mM H2SO4 mobile phase, flow rate 0.6 mL/min.
Refractive index (RI) detection was performed at 65 °C with 40
min run time. Ethyl-a-D-glucosides, and ethyl-a-D-glucosides
in the biomass hydrolysate were determined quantitatively by
drawing a calibration curve plotted between concentration
versus area obtained from RI chromatograms (Figure 3).

Recovery of Lignin: Round bottomed flask containing a dilute
solution of NaOH (2%) was added with the dry pallet recov-
ered from the previous step. The reaction was heated at 100
°C for 2 h under a constant stirring condition. After comple-
tion, the heating was discontinued, and the flask containing
the reaction liquid was cooled to room temperature. Further,
subjecting the reaction mixture for centrifugation followed by
the separation of retentive aqueous phase furnished a back
liquid, wherefrom, lignin was precipitated at pH 3.0 by the
application of a dilute solution of 0.5N H2SO4. Lignin in the
form of precipitate was collected over filter paper and dried
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Figure 5. XRD analysis of lignin isolated from biomass.
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in an oven (~124 mg, 12.4% isolated yield). FT-IR (Figure 4),
EDS (Figure 5), and XRD analysis (Figure 6) were carried out
for complete characterization of isolated lignin and compar-
isons were made with the standard lignin purchased from
Sigma-Aldrich (MERCK).

Amount of lignin was estimated by formula given under fol-
lowing.

Food grade dye from Butea Monosperma (Lam.) Kuntze (Pa-
lash): Colorants or color additives are the substances that im-
part characteristic colors to food or non-food materials. Gen-
erally, artificial colorants, e.g.,, Red 40 (E129), Yellow 5 (E102),
Yellow 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 children, allergenicity, toxi-
cological, and carcinogenicity associated with such materials
have led to a global ban on the use of synthetic food col-

Recovered lignin . ) -
L 0 gnin (g) orants. This resulted into the start of a new trend for using
Lignin yield (wt %) = x 100 ; e ;
- S natural coloring materials instead of the synthetic ones for
Initial spent aromatic biomass (g) — - : X .
food grade applications. In addition, an increase in the desire
to label food items as natural have also contributed to a sig-
p
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=g (F277@323M15): UV Amax: 217, 271, 328 nm; IR (KBr)
vmax: 3308, 2880, 1663, 1073, 595 cm-1; 1H NMR (500 MHz,
D20):67.86(d, ] =10 Hz, 1H), 7.27 (s, 1H), 7.11-7.09 (m, 1H),
6.97-6.95 (m, 1H), 6.80 (dd, J = 10, 5 Hz, 1H), 6.67 (s, 1H), 5.54
(d,J=10Hz, 1H), 5.13-5.12 (m, 1H), 5.02 (d, ] = 5 Hz, 1H), 3.87~
3.82 (m, 2H), 3.71-3.65 (m, 2H), 3.58-3.52 (m, 4H), 3.47-3.42
(m, 2H), 3.21-3.15 (m, 2H), 2.88-2.85 (m, 2H); ESI-MS: m/z
[M+H]+ 597.1808 (calcd m/z 596.1741).

aEHI-=fe (H1277a323M15): UV Amax: 217, 271, 371,
408 nm; IR (KBr) vmax: 3325, 2881, 1712, 1070, 653 cm-1; 1H
NMR (500 MHz, DMSO-d6): §13.47 (s, 1H), 8.89 (s, 1H), 7.76-
7.71(m, 1H), 7.31-7.28 (m, 1H), 7.09-7.03 (m, 1H), 6.87-6.85
(m, 1H), 6.74-6.71 (m, 1H), 6.68-6.67 (m, 1H), 5.49-5.45 (m,
1H), 5.40-5.36 (m, 1H), 5.21-5.14 (m, 2H), 5.13-5.10 (m, 1H),
5.05-4.99 (m, 1H), 4.92-4.78 (m, 1H), 4.74-4.71 (m, 1H),
4.65-4.58 (m, 2H), 3.72-3.64 (m, 2H), 3.51-3.45 (m, 3H), 3.35-
3.31 (m, 2H), 3.29-3.28 (m, 1H), 3.26-3.23 (m, 1H), 3.20-3.16
(m, 2H), 2.72-2.67 (m, 1H), 1.30-1.23 (m, 1H); 13C NMR (500
MHz, DMSO): § 191.9, 190.5, 165.0, 163.3, 162.8, 147.1, 145.0,
129.6,127.8,121.5,115.7, 115.2, 110.8, 103.4, 102.1, 101.8, 99.6,
99.5, 79.1, 77.0, 76.3, 73.0, 69.7, 69.3, 60.5, 60.4, 42.9; ESI-
MS: m/z [M+H]+ 597.1813 (calcd m/z 596.1741).

FTEH-HRITHT (A1217@223710): UV Amax: 217, 348,
371, 408 nm; IR (KBr) vmax: 3327, 2881, 1709, 1072, 654 cm-
1; 1H NMR (500 MHz, DMSO-d6): § 9.64 (s, 1H), 9.06 (s, 1H),
8.80 (s, 1H), 8.12 (d, J=5 Hz, 1H), 7.71-7.70 (m, 1H), 7.65 (dd,
J = 5,10 Hz, 1H), 7.28-7.26 (m, 1H), 6.85 (s, 1H), 6.84 (s, 1H),
6.53(dd, ] = 10,10 Hz, 1H), 6.37-6.36 (m, 1H), 6.30(d, ] = 5 Hz,
1H), 5.43-5.39 (m, 2H), 4.24~4.21 (m, 1H), 4.04~4.01 (m, 2H),
3.93 (d, J = 5 Hz, 1H), 3.80-3.79 (m, 1H), 3.72-3.69 (m, 2H),
2.96-2.93 (m, 1H); 13C NMR (500 MHz, D20): 8 190.0, 164.6,
146.9, 140.1, 129.9, 128.2, 123.0,115.5, 113.4, 110.4, 103.8,
102.5, 76.7, 75.9,73.3, 72.4, 69.8, 62.9, 60.9, 55.8, 43.0; ESI-
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Figure 8. TGA of B. monosperma dye powder recovered
by spray drying and lyophilization.

nificant decline in the use of synthetic food colorants. Thus,
there is a surging interest for the replacement of synthetic
pigments with natural colorants/dyes for application in foods
and beverages.

Natural dye/pigments are primarily derived from dif-
ferent parts of plants like root, bark, leaves, fruit and flowers.
They have been considered non-allergic, non-toxic, non-car-
cinogenic, 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 characteristic 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 flow-
ers, 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-hexane, chloroform, ethyl acetate, methanol,
ethanol, etc. Notwithstanding the efficacy in dye extraction,
the residual impurities and other contaminants occurring in
the organic solvents may produce health hazard on applica-
tion to food preparations. The consistency of solvent extracted
dye also varies greatly, hence, till date the complete charac-
terization of dye constituents could not have been specified.
Majority of reports are focused on isolation and characteriza-
tion of compounds from volatile solvent extracted dye oleo-
resin by the application of column chromatography. There are
no reports on HPLC analysis of the crude dye extract towards
the herbal standardization and its production at preparative
scale directly from B. monosperma flowers as a substrate.

Therefore, this investigation is carried out with an ex-
plicit objective for the extraction of natural dye from B. mono-
sperma flower petals under an organic solvent free condition,
whereby, extraction of flower petals in hot water followed by
purification through the membrane technology results a clear
transparent brown liquid, wherefrom, product in the form of
yellow to brown powder is recovered by the application of
lyophilization and/or spray drying technology. The constitu-
ents 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 prepara-
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tive-HPLC analysis and column chromatography. All the iso-
lated compounds are characterized by UV, IR, NMR, and Mass
spectrometry. Detection and quantification of compounds in
the parent B. monosperma dye is validated by HPLC analysis.

Extraction of nature dye from flowers of B. monosperma:
The flower petals of B. monosperma are collected, dried, and
grounded into fine powder using mechanical grinder. A com-
pletely dried beaker is charged with powdered 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, res-
idue is separated from the water extract by passing through
a muslin cloth. A brown coloured liquid obtained is washed
with RO-water (three times) using 300 kD membrane to re-
move non-colorants and undesired compounds. The retentive
liquid is concentrated using 100 kD membrane followed by
lyophilization to afford brown coloured dye as product in the
form of solid powder (7.0 g, yield ~35%). Likewise, the spray
drying of retentive layer afford brown coloured dye as product
in the form of solid powder (2.0 g, yield ~10%).

Isolation and characterization of nature dye constituents:
The B. Monosperma dye powder is chromatographed over
silica gel silica gel (200-400 mesh) and eluted with gradient
mixtures of dichloromethane-methanol to afford butrin, iso-
butrin and iso-coreopsin in ~99% purity. The isolated com-
pounds are characterized by spectroscopic methods such as
UV-visible, FT-IR, NMR and Mass spectrometry.

Butrin (C27H32015): UV Amax: 217, 271, 328 nm; IR
(KBr) vmax: 3308, 2880, 1663, 1073, 595 cm-1; TH NMR (500
MHz, D20): § 7.86 (d, 3 = 10 Hz, 1H), 7.27 (s, TH), 7.11-7.09 (m,
1H), 6.97-6.95 (M, 1H), 6.80 (dd, 3 = 10, 5 Hz, TH), 6.67 (s, TH),
554 (d,3J=10Hz 1H),513-5.12 (m, TH), 5.02 (d, 3 = 5 Hz, TH),
3.87-3.82 (m, 2H), 3.71-3.65 (m, 2H), 3.58-3.52 (m, 4H), 3.47-
3.42 (m, 2H), 3.21-3.15 (m, 2H), 2.88-2.85 (m, 2H); ESI-MS: m/z
[M+H]+ 597.1808 (calcd m/z 596.1741).

Iso-butrin (C27H32015): UV Amax: 217, 271, 371,
408 nm; IR (KBr) vmax: 3325, 2881, 1712, 1070, 653 cm-1; 1H
NMR (500 MHz, DMSO-d6):  13.47 (s, 1H), 8.89 (s, 1H), 7.76-
7.71 (m, 1H), 7.31-7.28 (m, 1H), 7.09-7.03 (m, 1H), 6.87-6.85
(m, TH), 6.74-6.71 (m, TH), 6.68-6.67 (M, TH), 5.49-5.45 (m, TH),
540-536 (m, 1H), 521-5.14 (m, 2H), 5.13-5.10 (m, 1H), 5.05-
499 (M, TH), 4.92-4.78 (m, TH), 4.74-471 (m, TH), 4.65-4.58
(m, 2H), 3.72-3.64 (m, 2H), 3.51-3.45 (m, 3H), 3.35-3.31 (m, 2H),
3.29-3.28 (m, TH), 3.26-3.23 (m, 1H), 3.20-3.16 (m, 2H), 2.72-
267 (m, TH), 1.30-1.23 (m, TH); 13C NMR (500 MHz, DMSO):
5 191.9, 190.5, 165.0, 163.3, 162.8, 147.1, 145.0, 129.6, 127.8,
121.5,115.7, 1152, 110.8, 103.4, 102.1, 101.8, 99.6, 99.5, 79.1,
77.0, 76.3, 73.0, 69.7, 69.3, 60.5, 60.4, 42.9; ESI-MS: m/z [M+H]+
597.1813 (calcd m/z 596.1741).

Iso-coreopsin (C21H22010): UV Amax: 217, 348, 371,
408 nm; IR (KBr) vmax: 3327, 2881, 1709, 1072, 654 cm-1; TH
NMR (500 MHz, DMSO-d6): § 9.64 (s, TH), 9.06 (s, 1H), 8.80 (s,
1H), 8.12 (d, 3=5 Hz, TH), 7.71-7.70 (m, 1H), 7.65 (dd, 3 =5, 10
Hz, TH), 7.28-7.26 (m, 1H), 6.85 (s, 1H), 6.84 (s, 1H), 6.53 (dd, J
=10, 10 Hz, TH), 6.37-6.36 (M, 1H), 6.30 (d, 3 = 5 Hz, 1H), 5.43-
5.39 (m, 2H), 4.24-4.271 (m, TH), 4.04-4.01 (m, 2H), 393 (d,J=5
Hz, 1H), 3.80-3.79 (m, TH), 3.72-3.69 (M, 2H), 2.96-2.93 (m, TH);
13C NMR (500 MHz, D20): 5 190.0, 164.6, 146.9, 140.1, 129.9,
128.2, 123.0,1155, 1134, 1104, 103.8, 1025, 76.7, 75.9,73.3,
72.4,69.8,62.9,60.9, 55.8, 43.0; ESI-MS: m/z [M+H] + 435.1260
(calcd m/z 434.1213).

Detection and quantification of constituents in product
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 com-
pounds as standards under the chromatographic condition
stated as: C18 (4.6x100) mm with particle size 5pym, mobile
phase 25% acetonitrile and 75% deionized water containing
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MS: m/z [M+H] + 435.1260 (calcd m/z 434.1213).
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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 chro-
matogram (Figure 1), the dye obtained from B. Monosperma
contains: isocoreopsin (~15.1 wt%), butrin (~6.0 wt %), and
isobutrin (~50 wt%) as active constituents.

Determination of thermal stability: The stability of dye pow-
der obtained from B. Monosperma flower extract is deter-
mined by Thermo-gravimetric (TGA) analysis under N2 atmo-
sphere. An isotherm-heating program 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 temperature measurement for the thermobalance is +1 °C.
The continuous records of weight-loss and temperature is ob-
tained and used to determine the evaporation rates (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 temperature.

Salient Achievements

A solvothermal approach for production of ethyl glu-
cosides from spent aromatic waste.

Xylose and lignin were obtained as co-products.
p-Cymene-2-sulphonic acid (p-CSA) in ethanol was
used as a reaction media.

Ethyl-a,8-glucosides obtained in good yields (~17%)
under the optimized condition.

High selectivity in product formation with no side
products and black tar formation.

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

extract by micro-, and ultra-filtration membrane sys-
tem.

Product recovery by the application of lyophilization
and/or spray drying technology.

Complete characterization of dye constituents by
spectroscopic and analytical techniques.
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rehalose is a sugar molecule consisting of two units of considered a potent antioxidant ingredient. It is also used as
I glucose linked via 0,0-(1) glycosidic bond. Naturally, it has a cryopreservant in the pharmaceutical industry. It is used in
been detected in a variety of organisms, except mam- cryoprotection of blood cells, sperm cells, and other tissues. It
mals. This sugar functions as a vitrification agent and protects is used as stabilizer for proteins. We have developed an enzy-
the organism from hypothermia, osmotic stress and drought. matic process for the production of trehalose by employing a
It has been accorded Generally Recognized as Safe (GRAS) novel trehalose synthase identified from the thermal spring
status. In food industry, it is used as a flavor enhancer and metagenome. This enzyme has dual catalytic activities for
for the preparation of frozen products like ice creams. It is biosynthesizing trehalose as well as trehalulose. Trehalulose
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Figure 2. (a) Effect of temperature on arutin biosynthetic activity of Asmet. (b) Effect of pH on arutin biosynthetic activity of
Asmet. (c) Effect of metal ions on transglucosylation activity of Asmet (d) Arbutin biosynthesis yield obtained using sucrose
and table sugar at different time points (e) Arbutin biosynthesis yield using whole recombinant cells as biocatalysts.
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is a non-crystalline rare sugar with low-glycemic index. It is
naturally found in honey. Owing to the noncariogenic and an-
tioxidant nature of trehalulose, it can be used as a functional
sugar.

A novel trehalose synthase for the production of cryopro-
tectant sugar, trehalose and sucrose isomer, trehalulose:

A novel trehalose synthase gene (treM) was identified from
the metagenome of an extreme temperature (98°C) hot
spring. BLASTx revealed that treM exhibited 88% identity with
Thermanaerothrix daxensis (uncharacterized). The gene was
cloned in pET expression vector and expressed in a heterol-
ogous host, Escherichia coli. The protein was purified using
Ni-NTA affinity chromatography and its purity was checked
by SDS-PAGE (Figure 1a). TreM protein was biochemically
characterized for the production of trehalose and trehalulose,

taking maltose and sucrose as substrate, respectively. TreM
exhibited dual catalytic activity in the pH range of 5.0 to 7.0
(Figure 1b). Trehalose biosynthesis has been achieved in the
broad range of temperatures, of 4 to 70°C, whereas trehal-
ulose could be produced at 30 to 80°C (Figure 1c). The low
temperature catalysis is useful in trehalose production with
minimum by-product formation. TreM was found to be high-
ly thermostable, displaying the half-life of 96 h at 60°C (Figure
1d). The maximum conversion yield of 74% trehalose (Figure
1e) and 90% trehalulose yield (Figure 1f) was obtained from
maltose and sucrose as substrate, respectively. TreM was also
able to catalyse biosynthesis of trehalulose from the sucrose
containing low-cost feedstocks like cane molasses, muscova-
do, and table sugar.
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Figure 3. Starch extraction from potato peel.
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Figure 4. Characterization of resistant starch
type lll by FTIR (a), XRD (b) and TGA analysis
(c), In vitro digestibility (d).

Enzymatic production of a-arbutin by transglucosylation
of hydroquinone: Arbutin is a glycosylated product of hydro-
quinone, naturally present in bearberry, cranberry, mulberry
and wheat plant. It is widely used in cosmetic products and
pharmaceutic industries owing to its antioxidant and anti-in-
flammatory properties. Arbutin helps in reducing the mela-
nin biosynthesis in melanocytes, thus reducing the hyperpig-
mentation in patients with sunburn and melasma. It acts as a
radioprotective and cryoprotective agent, and can be used for
wound healing. a-arbutin is produced by transglycosylation of
hydroquinone catalyzed by microbial enzymes, such as amy-
losucrase. We have employed a novel amylosucrase (Asmet)
for production of a-arbutin from hydroquinone (acceptor) and

Figure 5. SEM images of (a) native peel starch, (b) Gelati-
nized and retrograded starch, (c) Gelatinized, debranched
and retrograded starch (i.e, gelatinized starch treated with
PulM enzyme), (d) resistant starch (i.e. retrogradation of the
debranched starch, followed by isolation of resistant starch).

sucrose (glucosyl donor).

A novel amylosucrase gene (Asmet), identified from
a thermal aquatic habitat metagenome, was cloned and ex-
pressed in a heterologous host, Escherichia coli. The protein
was purified via affinity chromatography and its purity was
checked by SDS-PAGE. Asmet protein was biochemically
characterized for the production of arbutin. Asmet exhibited
substantial activity hydroquinone glycosylation at a 5.0 to 7.0
pH and 20 to 50°C (Figure 2a,b). Metal activity profile revealed
negative effects of the presence of Cu, Ni and Mn on enzyme's
activity (Figure 2c). In 24 h of incubation, a maximum of 70%
arbutin was obtained, by treating 0.1 M sucrose and 20 mM
hydroquinone with Asmet (Figure 2d). Moreover, Asmet was
also able to use the sucrose present in the low-cost feed-
stocks like table sugar, muscovado, and sweet sorghum juice,
as glycosyl donor for arbutin production. Whole recombinant
E. coli cells, expressing Asmet were also able to carry transglu-
cosylation reaction, producing about 50% arbutin in 1.5 h of
catalytic reaction (Figure 2e). Hence, Asmet could be used for
arbutin production at industrial scale.

Valorization of potato peel biomass into resistant starch Ill
and maltooligosaccharide molecules: Potato is one of the
crucial crops contributing immensely to India’s agricultural
system and are processed into a variety of products such as
chips, fries, mashed potatoes and flakes. The processing activi-
ties result in a great amount of peels, creating huge waste. Po-
tato peels represent a severe disposal problem to the potato
industry since wet peels gets quickly spoiled due to microbial
activities. Utilization of peels into useful products is desirable.
Peel biomass contains considerable amount of starch. In this
study, starch was extracted from the potato peel, and it was
enzymatically debranched, employing a novel type 1 pullula-
nase, PulM, and subjected to retrogradation for synthesis of
type Il resistant starch (RS3). RS3 is a heat stable prebiotic
ingredient desirable in food industry.

Potato peel is rich in starch, which is the key source
of energy in the human diet, and can be used in textile, paper,
food, cosmetic, and pharmaceutical industries. Starch was ex-
tracted from the potato peel biomass. About 40 g of starch
could be obtained per kg of potato peel biomass (Figure 1).
This peel derived starch was estimated to contain about 25%
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amylose. The starch was treated with PulM for debranching,
causing significant increase in the amylose content y about
80% in 10 h of PulM treatment. The debranched starch was
subjected to retrogradation for transformation into resistant
starch. Finally, resistant starch was recovered by ethanol pre-
cipitation. The yield of about 45 g resistant starch was ob-
tained from 100 g of peel starch. The native and resistant
starch samples were characterized using size distribution,
scanning electron microscopy (SEM), X-ray diffraction, thermo
gravimetric analysis (TGA), and Fourier Transform Infrared (FT-
IR) spectroscopy, and X-Ray Diffraction (XRD) (Figure 2). SEM
revealed the structural features of potato starch. TGA delves
into the thermal behaviour of starch in presence of water,
while FTIR and XRD analyzed the behaviour of various chemi-
cal bonds and crystallinity of starch. During the preparing the
resistant starch, the digestible proportion of starch was sub-
jected to a-amylase treatment, which resulted production of
maltooligosaccharides.
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A novel trehalose synthase (TreM) has been identified
and characterized for the production of trehalose and
trehalulose. TreM displays catalytic activity in a wide
pH and temperature range, with high thermal toler-
ance.

Enzymatic reactions at cold temperatures diminishes
the by-product formation. The catalytic production of
maximum 74% trehalose 90% trehalulose could be
achieved from maltose and sucrose, respectively.

A novel amylosucrase (Asmet) has been biochemically
characterized for a-arbutin production using sucrose
as glycosyl donor and hydroquinone as glycosyl ac-

ceptor.

The maximum yield of about 70% has been achieved
from hydroquinone. The whole recombinant E. coli
were also used for arbutin production.

Starch was isolated from potato peel biomass and
subjected to debranching by PulM treatment. The
retrogradation of debranched starch resulted in the
production of resistant starch type III.

The yield of about 45% resistant starch Ill was achieved
from the peel starch. The remaining digestible pro-
portion in the peel starch was used for making a
preparation of maltooligosaccharides.
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processing industry, having >60% (w/w) protein content.

But, the dearth of amino acids such as Lys and Trp is
responsible for its low amino acid profile, which greatly ham-
pers its enormous potential in the food industry. Hydrolysing
the CGM with whey (by-product of dairy industry) makes it
more valuable. Whey is a by-product of cheese /casein mak-
ing process from milk and is enriched with Trp, Lys and oth-
er essential amino acids. The potential of CGM as a protein
supplement, can be unleashed by enzymatic hydrolysis along
with the improvement of its water solubility and bioavailabili-
ty. CGM hydrolysate has better functional properties like high
anti-oxidative capacity, emulsifying and foaming capacity,
radical scavenging activity compared to CGM.

Corn gluten meal (CGM) is a by-product of corn starch

Anti-oxidative protein hydrolysate from corn gluten meal
with dairy whey

Removal of off odour: Whereas, 25% limonene exhibited the
maximum deodorizing capacity removing/masking the smell
formed due to carotenoid degradation. Beyond that, no sig-
nificant change in the aroma was observed (Fig. 1). GC-MS of
extracted limonene was found to contain a number of vola-
tile compounds, many of which could be responsible for the
off-odour. The dried CGM was deodorised and also exhibit a
slight citrus aroma.

Nutritional analysis of corn protein hydrolysate: Nutritional
analysis of CGM protein hydrolysate shows its high content of
edible protein. CGM had a protein content of 63.83%, along
with a high sugar content of 18.40%, lipid content of 8.98%,
and an ash content of 2.78% (on a dry basis). Comparatively,
Corn gluten meal hydrolysate (CPH) contains higher ash con-
tent (5.8%). This is still more than commercial whey protein,
indicating a high presence of minerals. Sugar content and fat
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content in CGM hydrolysate have decreased 2 times (9%) and
5.5 times (1.6%) related to CGM contents, as shown in Table 1.
CGM hydrolysate still contains higher sugar and protein con-
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Figure 1. Sensory analysis for aroma: A) Selection of solvents for
removal of offodour fromm CGM, B) Optimization of limonene con-
centration for off-odor removal. (1-Dislike extremely, 2-Dislike very
much, 3- Dislike moderately, 4- Dislike slightly, 5-Neither like nor
dislike, 6- Like slightly, 7- Like moderately, 8-Like very much, 9-
Like extremely).
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*Mean + SD (N = 3).

.

TATTeTehT 1: Hehs TIE I BTEEIeTEsIe 3R HgT Te i (Frizron) o1 droor femsemon|

Composition* CPH (%, w/w) ** WP(Control) (%, w/w) **
Ash 05.80 £ 0.172 03.70 £ 0.18°
Fat 01.59 +0.062 00.90 £ 0.02°
Total soluble sugar 09.00 £ 0.042 07.50 £ 0.38°
. + b
Total protein 5710 + 2.084 53.20 £ 1.48

**Different superscripts in the same rows indicate the significant difference (p < 0.05).
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ATforent 2: TR TISITA BTES eTESIE o T ST [T
S. EXPENSES/KG THE PRODUCTION
NO. COST (%)
1. Labour cost 0.78
2. Raw material cost
a) CGM 0.13
b) Solvent 2
¢) Sodium hydroxide 0.36
Protease enzyme 0.006
Total Raw material cost 3.276
3. Packaging cost 0.015
4. Utility Cost
a) Power /electricity 0.72 (PSEB, 2020)
b) Water 0.02
5. a) Transportation 0.02
Postage, telephone, Stationary, Publicity 0.04
6. Total cost of production (1+2+3+4+5) 4.091
7. Average yield lost cost 10 % 0.41
8. Net profit ratio 10 % 0.41
9. Cost of developed product per kg 4.911
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Composition*

Ash
Fat
Total soluble sugar
Total protein

*Mean + SD (N = 3).

CPH (%, w/w) **

Table 1. Nutritional analysis of corn protein hydrolysate and whey protein (control).

WP(Control) (%, w/w) **

05.80 £ 0.172 03.70+0.18°
01.59+0.062 00.90 + 0.02°
09.00 £0.042 07.50 + 0.38°
+ b

5710 + 2.084 53.20 £ 1.48

**Different superscripts in the same rows indicate the significant difference (p < 0.05).

tent than commercial whey protein (WP), thus making it a
protein concentrated diet containing sugar, fat and phenols.
The decrease in CGM fat and sugar content can be attribut-
ed to the hydrolysis and purification process. Protein in CGM
hydrolysate is rich in hydrophobic, branched-chain, and es-
sential amino acids, making it a rich protein source for the
masses. On the other hand, the whey protein is rich in lysine.
The CGM peptides may be used in foods as additives/active
pharmaceutical ingredients after more detailed validation.
This would pave the way for the complete valorization of two
by-products into a cheap but quality protein source.

Cost economics of CGM hydrolysate production: The value
addition of CGM was done by removing it's off -odour and in-
creasing its protein value. Limonene was found to mask its off-
odour. An efficient CGM hydrolysis of 65% was achieved using
an alkaline protease from fungus Aspergillus oryzae and whey
as a medium. Using whey as the medium balances the neg-
ative nitrogen balance of the amino acids, while hydrolyzing
by alkaline protease leads to the generation of peptides hav-
ing antioxidative activities. P3 was kinetically more active than
P1/P2. Thus, this study provides a way for efficient utilization
of corn industry by-product-CGM and dairy by-product (whey)
for synthesizing antioxidant property rich mixture of peptides,
which could be directly incorporated into foods. Also, this
protein hydrolysate is available at price similar/less than pop-
ular whey supplements in the market. This may open up a
vast market for CGM as a food additive, active pharmaceutical
ingredient, and a complete protein supplement available in
cheap price to the poor malnourished masses of the coun-
try. The production cost of CGM hydrolysate was calculated
based up on the estimation of variable costs (raw materials,
labour wages, packaging cost) and fixed costs (utilities cost
and contingencies expenses). A net profit ratio of 10% of the
sum of fixed and variable cost was added to the calculated
cost price. To judge the market place of the product, cost of
the developed CGM hydrolysate has also been compared to
other protein supplement (Nutrition 7 Store, Mohali, Punjab
(PB), India) in the market (Table 2).

Potential Cocoa Butter Substitute Derived from Mango Seed
Kernel: India is the largest producer with cultivation area of
over 1.2 million hectares and an annual production of 10.99
million tonnes, which is 57.2 per cent of the total world
production (FAO, 2017). In Punjab, mango is grown on 6.85
thousand hectares and annual production is 115.3 thousand
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tones. After processing mango, for juice, pickle, puree etc. the
most common problem encountered is the disposal of the
by-product generated. The hidden resource of mango seed
kernel is 7-15 % butter. It can be extracted by cold-pressing,
organic solvents, and supercritical extraction. It has valuable
essential fatty acids, vitamins and minerals. At room tempera-
ture, it became solid, has smooth creamy color and gives nut-
ty and sweet flavor in its pure form. The price of cocoa butter
increases annually due to limited sources, high plant growth
dependence on climatic conditions, region-specific culti-
vation, and tempering difficulties. Therefore, an economical
source that has similar properties like cocoa butter is needed

e N
Table 2. Cost economic analysis of developed CGM hydrolysate.
S. EXPENSES/KG THE PRODUCTION
NO. COST (%)
1. Labour cost 0.78
2. Raw material cost
a) CGM 0.13
b) Solvent 2
¢) Sodium hydroxide 0.36
Protease enzyme 0.006

Total Raw material cost 3.276
3. Packaging cost 0.015
4. Utility Cost

a) Power /electricity 0.72 (PSEB, 2020)

b) Water 0.02
5. a) Transportation 0.02
Postage, telephone, Stationary, Publicity 0.04
6. Total cost of production (1+2+3+4+5) 4.091
7. Average yield lost cost 10 % 0.41
8. Net profit ratio 10 % 0.41
9. Cost of developed product per kg 4.911
\ J
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qrferent 3A: e f%IvoT (F3RaT)

Formulation (MB:CB) Hardness (Kg.sec)
100:0 11.43 £0.92
80:20 13.25+0.71
60:40 14.20 +£0.82
40:60 20.85 £0.45
20:80 18.63 +0.56
Control CB 13.64 +£0.73

(.

Values are mean of three replicates + standard deviation
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SAMPLE L= A* B*
CONTROL- CB 21.39+0.79 5.96+0.61 4.52+0.73
20% MB 25.52+0.52 5.76+0.84 5.26+0.94
40% MB 22.3+0.62 5.56+0.42 4.95+0.68
60% MB 24.83+0.46 5.66+0.39 5.69+0.57
80% MB 20.33+0.38 5.82+0.47 4.37+0.26
100 % MB 23.59+0.74 6.48+0.56 4.79+0.42

Values are mean of three replicates + standard deviation (P< 0.05)
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Table 3A. Texture Analysis (Hardness).

Formulation (MB:CB) Hardness (Kg.sec)
100:0 11.43 £0.92
80:20 13.25+0.71
60:40 14.20 +£0.82
40:60 20.85 £0.45
20:80 18.63 +0.56
Control CB 13.64 +£0.73

Values are mean of three replicates + standard deviation

as an alternative in the future. The physicochemical properties
were studied to assess its suitability as an alternative to cocoa
butter. Recently a few studies have highlighted the potential
of mango kernel butter as an alternative to cocoa butter for
wide applications like cosmetic, pharmaceutical, food due to
its anti-oxidant activity and healthy fatty acids.

Texture analysis of developed chocolate substitute with the
incorporation of mango butter: The penetration test was
performed to estimate the hardness of the dark chocolate
substitute and analyze the hardness by the force required to
compress dark chocolate substitutes. Variation in hardness
was observed in chocolate substitute due to different ratio
of cocoa and mango butter in the composition (Table 3). The
40:60 ratio of MB: CB shows the maximum hardness in the
chocolate substitute. It was also observed that the hardness
increases in chocolate substitute, when the ratio of cocoa but-
ter increased from 20 to 60 % with mango butter. Whereas,
the 100 % mango butter based chocolate substitute revealed
the minimum hardness in comparison to cocoa butter based
chocolate which may account due to the high melting point
of mango butter in comparison of cocoa butter. Similarly,
shea butter as substitute in chocolate also observed related
harness pattern.

Color analysis: The color measurement showed that there
was a considerable difference in color between the dark

chocolates of control and the variants with different ratios of
mango butter. From 0 to 50 range (L*) indicates the darker ap-
pearance than 51-100 range, (a*) redness and (b*) yellowness.
The ratio of 80:20 (MB: CB) shows the lowest L* value 20.33
which was darker than control chocolate 21.39 (Table 3). The
color differences in fat also influence the color of dark choco-
late substitute. In the prior art the lightness values (L*) ranged
from 26.80 to 27.75, Redness (a*) ranged from 6.18 to 6.48 and
Yellowness (b*) ranged from 4.16 to 4.18 with CB.

Apparent viscosity of chocolates substitute with different
levels of mango butter: All the chocolates sample showed
high viscosity at lowest shear rate (14.28 s- 1) followed by a
rapid decrease in their viscosity to the shear rate of (186 s-
1). When studying the effects of mango butter added to the
chocolate at different level, it was noticed that chocolate in-
corporated with 20% mango butter revealed an increase in
the viscosity being 6.53 Pa.s as compared to that of control
which was 5.87 Pas at the same shear rate. Also, chocolate
substitute containing 100 % mango butter gave the same
trend as 20 % mango butter at the same shear rate. Where-
as, the chocolate substitute with 80 % mango butter had the
best viscosity (5.87 Pa.s) that was same as the control at the
same shear rate of (186 s- 1) (Fig. 2). These results showed
that increase in viscosity of chocolate substitute with different
amounts of mango butter resulted in a high quality of the fi-
nal product as compared to control. The correlation between

Table 3B. Colour measurements (L, a and b values).

SAMPLE L= A* B*
CONTROL- CB 21.39+0.79 5.96+0.61 4.52+0.73
20% MB 25.52+0.52 5.76+0.84 5.26+0.94
40% MB 22.3+0.62 5.56+0.42 4.95+0.68
60% MB 24.83+0.46 5.66+0.39 5.69+0.57
80% MB 20.33+0.38 5.82+0.47 4.37+0.26
100 % MB 23.59+0.74 6.48+0.56 4.79+0.42

Values are mean of three replicates + standard deviation (P< 0.05)
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qTferRt 3C: Hadl @R
SR NO. SENSORY 20 MB 40% 60% 80% 100% CONTROL

ATTRIBUTES MB MB MB MB CB

1 Colour 72 7.0 7.5 7.5 7.0 8.2

2 Appearance 7.5 7.5 7.8 8.0 7.0 8.1

3 Texture 7.1 7.0 8.0 7.1 7.5 8.3

4 Flavour 7.3 7.0 7.0 7 7.0 8.5

5 Taste 6.5 7.0 7.2 7.5 6.5 8.1

Overall
acceptability 7.1 71 7.5 7.5 7.0 8.0
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Table 3C. Sensory scores

SR NO. SENSORY 20%MB 40% 60% 80%  100% CONTROL

ATTRIBUTES MB MB MB MB CB

1 Colour 72 7.0 7.5 7.5 7.0 8.2

2 Appearance 7.5 7.5 7.8 8.0 7.0 8.1

3 Texture 7.1 7.0 8.0 7.1 7.5 8.3

4 Flavour 7.3 7.0 7.0 7 7.0 8.5

5 Taste 6.5 7.0 7.2 7.5 6.5 8.1

Overall
acceptability 7.1 71 7.5 7.5 7.0 8.0

apparent viscosity and shear rate gave a curve which confirms
the Non-Newtonian fluid behavior.

Sensory analysis: The sensory score attributes of color, appear-
ance, texture, flavor, taste and overall acceptability of choco-
late substitutes indicated non-significant differences between
the control chocolate and the chocolate substitute with 80 %
MB (mango butter). The control chocolates showed highest
scores of 8.2,8.1,8.3, 8.5, 8.1 and 8 for color, appearance, taste,
flavor, texture and overall acceptability respectively (Table 3).
The chocolate substitute with mango butter 60 % (7.5, 7.8, 8.0,
7, 7.2 and 7.5) and mango butter with 80% (7.5, 8.0, 7.1, 7, 7.5
and 7.5) were the best accepted for sensory attributes as com-
pared to control. The results obtained suggested the mango
butter could be considered as an encouraging alternative to
replacing cocoa butter in chocolate substitute formulations
of up to 80%.

Efficient process development for xylitol production from
agricultural residues (rice straw): Rice straw (RS) is an abun-
dantly available lignocellulosic agricultural biomass around
the world (>580 MT/yr). Impregnation with acid catalysts like
sulfuric acid (H2SO4) in steam pretreatment promotes the
degradation of hemicelluloses to monosaccharides. So, it also
enhances the pretreatment efficiency. Pre-treatment of bio-
mass with dilute acid solution, liberates xylose easily as com-

pared to glucose. Fermentation of the pretreated RS hydroly-
sate (pre-hydrolysate) and semi-defined medium (control) for
xylitol production in a 14 L fermentor was also studied. Tradi-
tionally, xylitol is generated by the chemical route from D-xy-
lose using Raney nickel as a catalyst which is a costly process
and also causes pollution. On the contrary, the bioconversion
of xylose to xylitol using hemicellulosic hydrolysates by micro-
organisms is more economical, efficient and environmentally
friendly.

Media optimization of M. guilliermondii CIAB1: Three differ-
ent composition of media were prepared along with standard
media, as named C: (Malt extract 1% (w/v), yeast extract 1%),
M1:(peptone 1%, yeast extract 1%), M2:(yeast extract 1%, Malt
extract 1%), M3: (peptone 0.5%, yeast extract 1%), 1% inocu-
lum, 5% xylose with pH-6 at 300C. Amongst all media the
M3 showed the best xylitol yield as 123.67 mg/g, the malt ex-
tract did not show any significant effect on xylitol productivity
(66.72 mg/g) as shown in Fig 3B., Maximum xylitol production
was observed at pH 5.5, 94.69 mg/g (Fig. 3C). Moreover, the
tolerance for xylose concentration was also optimized, and
the maximum xylitol yield was obtained with 5% xylose con-
centration, 225.94 mg xylitol/g xylose, and least was observed
with 9% xylose, (1.94 mg xylitol/g xylose), this might be due
to substrate inhibition shown by microbe at high substrate
concentration (Fig 3A).
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Figure 2. Influence of mango butter replace-
ments on apparent viscosity of chocolate sub-
stitutes at different blending ratio of mango
butter % (20, 40, 60, 80 and 100 %) and control
as cocoa butter.
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An effect of inoculum size on xylitol production was studied
with 0.05,0.5,1.0, 1.5, 2.0, 2.5, 3% v/v inoculum in 100 ml of 5%
(w/V) control xylose media. The inoculum sizes’ greater than
1% showed slight decrease in xylitol production, as shown in
Fig.3D. The max production of xylose was obtained with 1%
inoculum and achieved xylitol yield was 1260.74 mg xylitol/g
of xylose.

Scale up control media: The isolated strain was used for eval-
uating fermentation in a 5L shake flask containing neutral-
ized rice straw hydrolysate and in a 3L lab scale fermentor on
control media with synthetic xylose on optimized parame-
ters. Batch fermentation lasted for 96 h at 30°C and 150 rpm.
Highest xylitol yield of 27.84 g/l 63 % fermentation efficiency
and 0.28 g/l/h productivity) was achieved for control media
using the conditions: ~45.0 g/l initial synthetic xylose, 1.0 g/l
yeast cells at 30 OC, and 150 rpm. Also, the xylitol fermenta-
tion profile of Meyerozyma guilliermondii CIAB1 on untreated
raw hydrolysate (initial xylose concentration, 12.77 g/l) with
corresponding utilization of xylose is shown in the Fig. 5. The
highest xylitol concentration obtained was 5.11g/l at 72 h
with xylitol yield of 0.58 g/g xylose. After all the parameters
were optimized in control media containing pure xylose (5%
w/V) as substrate, 61% conversation rate was obtained at 72
hrs as shown in Fig.4.

Also, fermentation on undetoxified but concentrat-
ed hydrolysate was carried out and compared with de-toxi-
fied hydrolysate media with M. guilliermondii CIAB1 which
showed xylitol yield of 0.34 g/g xlyose and 0.59 g/g xylose re-
spectively. Fig. 6 shows substrate consumption and product
formation trend of the isolated strain on treated and concen-
trated hydrolysate which yielded 31.66 g/l xylitol and signifi-
cant xylose consumption.

Crystallization: The fermented broth was further processed
for xylitol purification and crystallization by firstly centrifuging
it at 4000rpm for 15 min to remove the yeast cells, followed
by treatment with 2% (w/w) activated charcoal at 600C for 1
hr and constant stirring at 200 rpm. Post removal of charcoal
by filtration and vacuum concentration of the broth to syrup,
crystal formation could be seen at 6th day (Fig 7).
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Development of curcumin infused corn gluten meal protein
nanofibers: Corn gluten meal is a co-product of corn industry
obtained during wet milling of corn. It contains around 60
% proteins. The amino acid profile of corn gluten meal lacks
essential amino acids such as lysine and tryptophan, which
greatly reduces its potential as a protein supplement. The pro-
tein composition of CGM is similar to zein and alcohol soluble
Glutelin fraction, rich in non-polar amino acids- leucine, pro-
line, alanine, phenylalanine and lacking in lysine and trypto-
phan. The abundance of hydrophobic proteins provides as a
barrier to encapsulated compounds improving their storage
stability in product conditions as well as effectively reducing
their degradation in the gastrointestinal tract. Polyphenols
such as curcumin are also known to interact with prolamins
present in CGM. Hence, CGM could be good source of protein
nanofibers for encapsulation of hydrophobic drugs.

This study represents encapsulation of Vitamins E
and curcumin in CGM protein nanofibers. After the disso-
lution of protein fraction, CGM protein fraction was directly
used to synthesized curcumin infused vitamin rich nanofi-
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Figure 5. A) Xylitol production at different time intervals by M. guilliermondii CIAB. B) HPLC chromatogram showing xylitol
production and xylose consumption.

Fig. 9. CGM with Vitamin C formed only microbeads of 1-2
pm. Smooth fibers of average thickness - 456 nm without
beads were formed in case of nanofibers containing Vitamin

bers. Encapsulation of vitamins and polyphenols- curcumin
are known to prevent its degradation in varying pH, light and
temperature conditions. CGM protein solution was combined
with 1T % polymer to create a nanofiber composition along
with vitamin E (5 mg/ml) and nano form of curcumin (7 mg/
ml) in amounts equal to the RDA (recommended daily dose)
and used in electrospinning. Various electrospinning parame-
ters like flow rate, Tip collector distance (TCD), potential were
optimized for the formation of smooth uniform nanofibers
without beads formation. Direct CGM solution with Vitamin
C could only form nanobeads, but CGM solution infused with 20
vitamin E(CnVE) or Vitamin E, D and curcumin (CnVED Cr) 15
formed smooth nanofibers with the addition of 1 % polymer. ¥ylose 10

Size and zeta potential measurements showed par- 0.10g/ 5
ticle size of around 300- 400 d nm and negatively charged
nanofibers. Sample Cn containing CGM, vitamin C,1 % poly-
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mer showed an average size of 355 d nm with a PDI around0.3. Time (hrs)

Sample CnVE containing CGM + Vitamin C +E + polymer 1 % ——4—xylose  —M—xylitol

showed a size of around 400 d hm with a PDI of 0.4. Sample . ) ) i

CnVED Cr contains CGM +Vitamin C + E + D + Curcumin + Figure 6. Xylitol fermentation profile of CIABO1 on treated

polymer 1 %. It showed an average of size 350 d nm with PDI and concentrated hydrolysate at optimized conditions.

around 0.4. Sample Cn has a zeta potential of -10.4 mV with
9.60mV deviation. Sample CnVE has -6.64 mV zeta potential
with 9.90mV standard deviation. Sample CnVED Cr carried ~ /
a zeta potential of -7 mV with 9.90 S.D. Surface charges of
nanofibers are very less, indicating involvement of negatively
charged amino acids in bond formation with vitamins and
minerals. Further SEM analysis of samples were performed to
actually observe the nanofibers size and shape as shown in

C and E. Nanofibers containing Vitamin C, D, E and curcumin
were of average diameter of 373 nm and were in range of
250 - 500 nm. Vitamins must have contributed to the viscos-
ity and binding forces in the formation of nanofibers. While

Figure 7. Showing, A, 3L labscale fermentor in operation with media containing synthetic xylose. B, crystallized xylitol. C,
HPLC chromatogram of crystallized xylitol and control.
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nanofibers with vitamins and curcumin.

Syringe  Polymer solution

Figure 9. SEM image of nanofiber after electrospinning the corn protein meal nanoparticles, a) Control, b) Cn, c) CGM

Spinneret

comparing DLS data with SEM images, as you can see size
from DLS is just an estimate of size parameters, and can vary
much from actual size in SEM, depending upon what angle
and face light is refracting upon in DLS.
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Salient Achievements

*

Hydrolysing CGM with whey (by-product of dairy in-
dustry) makes it more valuable with enhanced amino
acid profile and peptides having antioxidative activ-
ities which could be used as cheap protein supple-
ment with prices comparable to other whey supple-
ments in the market.

Mango butter could be an alternative to replacing
cocoa butter in chocolate substitute formulations of
up to 80% due to similar taste and high quality final
product compared to cocoa butter.

Crystallized xylitol from fermented control broth
comparable to commercial xylitol crystals.

Isolation of CGM protein fraction

Encapsulation of Vitamin E and curcumin with 60 %
and 73 % retention.
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Patents from CIAB

*

A process for chemical free production of special premium pec-
tin, named neopectin, from diversified bioresources. Indian Pat-
ent Appl. No. 201711021690. Patent Number: IN 382314, Inven-
tors: Sangwan RS, Sharma M, Patel SN, Singh U, Singh SP, Yadav
Sudesh Kumar, Sandhu PP

Integrated process for recovery of essential oil, pectin and citrate
from Hill lemon (Citrus pseudolimon L.). Indian Patent Appl. No.
202111058365" Inventors: Yadav Sudesh Kumar, Sharma Neha
Value added utilization of industrial apple waste for the co-ex-
traction of nanocellulose and pectin for various applications”. Ap-
plication number: 202111054648.

Process for the production of guar gum based novel hanocom-
posite impregnated with nanocellulose”. Application number:
202211000126.

S. Saravanamurugan, and P. Pal, ‘Metal chloride-enabled produc-
tion of furanics and y-ketovaleric acid and their derivatives from
holocellulose-enriched fraction obtained from agro-residues,” Ap-
plication No. 202211005540.

S. Saravanamurugan and P. Pal, ‘Improved Holocellulose-En-
riched Production from Rice Straw via Concurrent Lignin and
Silica Removal for Applications Towards Fodder and Chemical
Feedstock,” Application No. 202211005532.

Indian Patent Appl. No. 202211006933 On A process for pre-
paring sorbose from fructose: Investigators: Sasikumar Elumalai,
Bhawana Devi and Senthil Murugan Arumugam, Sangeeta Ma-
hala (Feb 2022)

J. Bhaumik, Y. N. Reddy, N. S. Thakur and S. Chandna, “Simple
and one-pot processes to develop polypyrrolic compounds in
scalable manner and development of their nano formulations
through encapsulation or conjugation forming photosynthetic
nanopigments for light harvesting applications thereof”; Indian
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patent application no: 201811044076, filed on 22nd November,
2018. (Patent granted, no. 374672)

J. Bhaumik, S. Vrati, Y. N. Reddy, S. Chandna, S. Paul, R. Kaur, S.
Agarwal and S. Chandru. “Lignin based polypyrrole nanoformu-
lations as highly effective antiviral agents against SARS-CoV-2",
Indian patent application no: 202111014735

J. Bhaumik, S. K. Bhardwaj, Y. N. Reddy and R. Kaur, “Light activat-
able polypyrrolic metal organic framework composites and ap-
plications thereof”; Indian patent application no: 202011028994,
filed on 8th July, 2020

J. Bhaumik, N. S. Thakur, S. Paul and Y. N. Reddy, “One pot, green-
er synthesis of agri-biomass lignin derived fluorescent metal
nanoclusters and applications thereof”; Indian patent application
no: 202011028996, filed on 8th July, 2020

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

A novel method for production of turanose from sucrose bio-
mass. Indian Patent Appl. No. 201911007403. Indian Patent no.
381027. Inventors: Singh SP, Agarwal N (Granted)

A process for the production of prebiotic oligosaccharides and
nearly zero calorie functional sugar from cane molasses, and
uses of the same. Indian Patent Appl. No. 201611016793. Patent
Number 366820; Inventors: Singh SP, Sangwan RS, Sharma M,
Patel SN, Krishania M, Singh U, Lata K (Granted)

A process for chemical free production of special premium pec-
tin, named neopectin, from diversified bioresources. Indian Pat-
ent Appl. No. 201711021690. Patent Number: IN 382314. Inven-
tors: Sangwan RS, Sharma M, Patel SN, Singh U, Singh SP, Yadav
SK, Sandhu PP (Granted)

A process for the production of trehalose and trehalulose em-
ploying a novel trehalose synthase from thermal spring metag-
enome. Indian Patent Appl. No. 202111022212. Inventors: Singh
SP, Agarwal N (Filed)
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Extramural Grants and Fundings

*

Complete Utilization of whey for the production of whey protein
hydrolysate, bacterlal cellulose and tagatose for various food ap-
plication. Funded by LSRB, DRDO, Gol

Setting up of Secondary Agriculture and food Processing Entre-
preneurial Network in Punjab State (SAEN). Funded by BIRAC,
DBT, Gol

Setting up of Rural Biotech Innovation and Application Centre
(RBIAC) in Kandi Area of Punjab. Funded by DBT, Gol

Utilization of Rice Residues for Value Added Product Develop-
ment. Funded by DBT, Gol

BRICS Technology Platform for integrated bioprocessing of agri-
culture residues for eco-sustainable production of biofuels and
by-products. Funded by DST, Gol

Skill Vigyan Program on Bioprocess Technology. Funded by DBT,
Gol

To develop a sustainable process for the production of rare sug-
ar D-talose and L-ribose from natural resources, with multiple
health benefits. National Bioscience Award project Funded by
DBT, Gol

Process optimization and up-scale production of lignocellulosic
extremozymes from Himalayan microbes for valorization/ depo-
lymerisation. Funded by DBT, Gol

“Extraction of Nanocellulose and development of composites us-
ing Biodegradable materials” total order value INR 5,109,607.68.
Funded by one of the Blue Chip Business house of India. Duration
Apr 01, 2021 to March 31,2022. Presently extended upto July 31,
2022.

Running Project: “Agro-biomass derived lignin based low-cost,
water resitant, self cleaning nanofilms”, approx., Rs 60 lakh, Dura-
tion Jan 2021- Dec 31, 2022

Research grant from Korean Ginseng Society, project continuing,
USD 5000 (2022-2023)

DBT Nanoagri grant, 60 lakhs (INR), project continuing (2021-
2024)

DST-Agrotech grant, 60 lakhs (INR), project continuing (2020-
2022)

COVID research fund, DBT-CIAB, 10 lakhs (INR), project complet-
ed (2020-2021)

MK Bhan fellowship mentor, (2021-2024)

DBT Project BT/PR31829/NDB /39/649/2019 (2020-2023) Explo-
ration of native microorganisms and biocatalysts from traditional
fermented products of Sikkim Himalayas for development of lac-
tose free and bioactive peptide enriched milk-based functional
products. Grant: 116 Lakhs. Ongoing.

DBT Project BT/PR36694/NNT /28/1722/2020 (2021-2024) De-
velopment of D-allulose based nano-formulations for enhanced
stress tolerance and increased crop productivity
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Invited Talks by CIAB Faculty

*

S. Saravanamurugan delivered a talk entitled ‘Production of
Sustainable Chemicals with Heterogeneous Catalysis’ VI Inter-
national Conference on Sustainable Energy and Environmental
Challenges (VI SEEC) Organized by the International Society for
Energy, Environment and Sustainability (ISEES), Ramada by Wyn-
dham Lucknow, India, during 27 to 29 December 2021.
Sasikumar Elumalai. Invited talk on “Lignocellulosic biomass
processing to energy and high-value precursor molecules” in
the national level Faculty Development program conducted by
Biochemical Engineering Department HBTU, Kanpur during 21
Sept 2021.

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

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

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

Bhuwan Mishra, ‘Click Chemistry Inspired Synthesis of Natural
Product Glycohybrid Triazoles’ during date 20-21 August 2021 at
National conference on ‘Click Chemistry: An Emerging Tool for
Biotechnology and Material Science’ at Amity Institute of Click
Chemistry Research and Studies (AICCRS), Amity University Uttar
Pradesh (AUUP), Noida, India.

Bhuwan Mishra, ‘Production of (hydroxymethyl) furfural (HMF)
from spent aromatic biomass derived (chloromethyl)furfural
(CMF) as a feed stock’ during 1-4 December 2021 at International
Conference on Biotechnology for Resource Efficiency, Energy, En-
vironment, Chemicals and Health (BREEECH 2021), CSIR-Indian
Institute of Petroleum, Dehradun, India.

Bhuwan Mishra, Faculty Research Presentation series on
27/04/2022 at National Agrifood Biotechnology Institute (NABI),
SAS Nagar, Mohali-140306, India.

Sudhir P. Singh, International E-Conference on Bioprospecting
(ICONBIO) sponsored by AICTE, New Delhi and 5th International
E-Conference on Bioenergy, Environment and Sustainable Tech-
nologies (BEST2021) during 29&30January 2021 organized by the
Department of Biotechnology, Arunai Engineering College
Sudhir P. Singh, 9th International Conference on Bioprocessing
IBA-IFIBiop 2021, International Association of Bioprocessing and
Universidad Auténoma de Coahuila, September 12-15

Sudhir P. Singh, University Grants Commission (UGC-HRDC), INV
University, Jodhpur, Rajasthan, Conducting Discipline-specific
Research: planning, and writing a research proposal, funding
opportunities, involving students in research” on 30 September
2021 in GURU-DAKSHATA programme

Meena Krishania, Invited Guest Lecture on “Food Fortification in-
tervention to improve the quality of diet” at PAU -online (17-03-
2022)

Meena Krishania, Invited Speaker on “Sweetener -Xylitol from
lignocellulosic Biomass by Bioprocessing” at VIT, Vellore, - online
(30-05-2021)

Meena Krishania, Panellist Speaker in webinar: Research and
Innovation Technobiz 2021, presented on Sweetener-Xylitol Pro-
duction from Biomass, Jul 10, 2021 4:00 PM - 5:00 PM IST, digital
platform.

Meena Krishania, Panellist speaker in the session on the topic
Fortification on Enhancing Nutrition through food fortification/
biofortification” “held on 2nd Sept. 2021, 10 - 11:00 am.
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Awards/Scientific recognitions

. Dr. S. Saravanamurugan was elected as a Fellow of the Royal
Society of Chemistry (FRSC), London, UK.

. Mr. Sahil Kumar has been selected for the Newton-Bhabha
fund supported by the United Kingdon Department of Business,
Energy and Industrial Strategy (BEIS) and Department of Bio-
technology (DBT), Government of India, to visit the University of
Strathclyde, Glasgow, the United Kingdom.

* Mr. Nishant Pandey received ‘Best paper award’ at International
Conference on Biotechnology for Resource Efficiency, Energy, En-
vironment, Chemicals and Health (BREEECH 2021), CSIR-Indian
Institute of Petroleum, Dehradun, India

* Mr. Mangat Singh received ‘Best paper award’ at Sustainable
trends in energy and environmental resources (STEER-2022), Sri
Sivasubramaniya Nadar College of Engineering, Tamil Nadu, In-
dia.

* Ms. Jyoti received ‘Best paper award’ at International Conference
on Advances in Chemical and Material Sciences (ACMS-2022),
Heritage institute of technology, Kolkata, India.
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DBT CIAB HAS SUCCESSFULLY ORGANIZED AN ONLINE
OPEN DAY EVENT ON 28-05-2021
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LECTURE ON “BRAIN AND AGEING” ON JUNE
18 AS A PART OF SCIENCE SETU EVENT

SCIENCE SETU EVENT

SCIENCE SETU EVENT
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ch as chemical,
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LECTURE ON “BIOPROCESSING ENGINEERING AND
SCALE UP PROBLEMS” ON JUNE 24 AS A PART OF
SCIENCE SETU EVENT
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What is self assembly?

Self-assembly is 8 process in which components, sither separately or linked, spantansously
form stable, well thaped, ardered aggregates.

Setf-assembly i the fundamental principle which generates structural organization on all
scabes from molecules 10 galaxies. 1t is defined as reversible processes in which pre-existing
parts or disardered components of 8 presxsting vystem form gtructures of pattems.

27 | GifaT T, AT S, TR -HieTel A fosm g
T o dgd AT gt

SCIENCE SETU EVENT

DR. SANGITA ROY, SCIENTIST-D, INST-MOHALI
HAS DELIVERED A LECTURE UNDER SCIENCE
SETU PLATFORM

perLAEE RSl SCIENCE SETU EVENT

NABI & CIAB JOINTLY ORGANIZING 18™
SCIENCE SETU LECTURE ON JULY 30, 2021
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SCIENCE SETU EVENT

Synthesis of acrylic plastics

T o Aerylic plastic or poly-(MMA)

ST Ty Mg @iehtrer = fasm Ag srishn #20 o dea saredT e

DR SANTOSH GOVIND KHOKARALE HAS DELIVERED A LECTURE
UNDER SCIENCE SETU EVENT#20
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HINDI DIWAS

f&ct fearg ik fect ymarer-2021
HINDI DIWAS AND HINDI PAKHWARA-2021

VIGILANCE AWARENESS

VIGILANCE AWARENESS WEEK-2021

138




CIAB: Annual Report 2021-22

View Who's Talking £

1) Homn ble Minister 5T and

DIGITAL PLATFORMS

AT ~HETE H T S guResheafen giae 3R fefSreet wewi @
SEICS

INAUGURATION OF PARAM SMRITI SUPERCOMPUTING
FACILITY AND DIGITAL PLATFORMS AT NABI-CIAB

73R° REPUBLIC DAY

Trell ~HIATETS URE H 734 7076 fead gHRig
73R0 REPUBLIC DAY CELEBRATION AT NABI-CIAB CAMPUS
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NSD-2022

g e fia (Teger-2022)

NATIONAL SCIENCE DAY (NSD-2022)

WOMEN'S DAY

CELEBRATION OF INTERNATIONAL WOMEN'S DAY 2022
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SHAMMI GARG &CO. C/o Durga Bhai & Co
Chartered Accountants SCO 15, Sector 26,

Madhya Marg,
Chandigarh-160019
Cell : 9914728900

Web:www.sgargco.com AUDITORS’ REPORTEmail: Office@sqargco.com

TO

THE MEMBERS,
CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING

{5

a)
b)

Place: Mohali
Date: 31.08.2022

We have audited the attached Balance sheet of CENTER OF INNOVATIVE AND APPLIED
BIOPROCESSING as at March 31, 2022, 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.

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 presentation. We believe that our audit provides a reasonable basis for our
opinion.

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.

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:

In the case of Balance sheet of the state of affairs of the Institution as at March 31, 2022 and

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

e
R

Membershin No.008437T
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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 2022

(Amounts in Rs.)

CORPUS/ CAPITAL FUND AND LIABILITIES | Schedule Current Year | Previous Year
Corpus/Capital Fund 1 50,90,59.810 58,13.99.807
Reserves and Surplus 2 1 1
Earmarked / Endowment/ Project Grants 3 2.,08,77.965 1,96,12,625
Secured Loans and Borrowings 4 - -
Unsecured Loans and Borrowings 5 - -
Defferred Current Liabilities 6 - -
Current Liabilities and Provisions 7 4,55,40,637 2,42.73,046
TOTAL 57,54,78,413 62,52,85,479

ASSETS Schedule Current Year Current Year
Fixed Assets 8 49,00,36,121 49,95,90,255
Investments- [rom Earmarked/Endowment funds 9 - -
Investments - Others 10 - -
Current Assets, Loans & Advances etc, 11 8,54,42.292 12,56,95.224
TOTAL 57,54,78,413 62,52,85,479
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 25

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

(ANIL DHANKHAR})
FINANCE OFFICER

Dated: 18/08/2022 3t;p?rm FTET gries Prgf(.: Q:I'éwaniizareek UDIN: 22095431 AQMNIB4249
Place: Mohali T v o S - S e
Centaﬁr;f Innovative and Applied Bioprocessing
g Im“ IUI,/ ’_“h"‘: Dhankhar Department of Biotechnology, Govt, of India
TG oy ! e nnad i ez - 81 (TS 1) / Sector-81 (Knowledge City)
‘iﬂ"-‘hwu Jm ;:' ?M" e @ AT (THR), SR Mohali (Punjaby, India

?wz—sl mﬁm“m-mﬂ;ug
m r : m}/%‘al{wc-‘,
(FR). 0. Mot Puriay, e

10f 19

For SHAMMI GARGA
CHARTERED ACCOUKES

HAMMI GARG)
PARTNER
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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 2022

{Amount in Rs.)

Nl O

(ANIL DHANKHAR)
FINANCE OFFICER
Dated: 18/08/2022

frer
TEG oy

Place: Mohali TG v W/é::s%mml::ﬁ
P / Anil Dhankhar Carrlnﬁr;f Innovative and Applied Bioprocessing
/F:};w_:- Officer @ 4, DoParment of Biotechnoiogy, Gowt. of India
THER AaeT-81 (AIkt REY)/ Sector.81 (Knowledge City)

WHR), WA Mohali (Puryab), India

2 of

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

. SR 919 Prof, Ashwani Pareek

AT (IS ), WK Mohali (Punjaby, ingra

18

INCOME Schedule Current Year Previous Year

Income from Sales/Services 12 - -
Grants in aid /subsidies 13 5,90,25,517 9,00,00,000
Fees/subscriptions 14 - s
Income from Investments (Income on investment from 15 - -
earmarked/endowment funds transferred to funds)
Income from Royalty, Publication etc, 16 - -
Interest Earned 17 17,28.306 42,25,542
Other Income 18 23,23,206 27.07.005
Increase/decrease in stock of finished goods & work- 19 - -
in -progress
TOTAL(A) 6,30,77,029 9.69,32,547

EXPENDITURE Schedule Current Year Current Year
Establishment Expenses 20 291,156,735 2,04,08,957
Other Administrative Expenses 2] 3,32,44,655 3.04,83,351
Research & Development Expenditure (Incl. Grants, 21A 3,20,71,095 2.,46,09,789
Subsidies ete)
Expenditure on grants, Subsidies etc. 22 - -
Interest 23 - -
Depreciation 8 6,28,08,304 6,42,52,072
TOTAL(B) 15,78,39,789 13,97,54,169
Balance (+)surplus/ ((-)deficit) (A-B) -9.47,62,760 -4,28,21,622
Deficit carried to Schedule-7 (Payable to Government)
Balance being surplus/ (deficit) carried to Capital -9,47,62,760 -4,2821.622 |
Fund (Schedule 1)
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 25
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Form of Financial Statements for the Centrat Autonomous Bodies (Nou-Profit Organizations and Similar Institutions)

CENTER OF INNOVATIYE & APPLIED BIOPROCESSING

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

RECEIPTS AND PAYME

S FOR THE PERIOD/YEAR ENDED ON 31.03.2022

CIAB: Annual Report 2021-22

{Amounts in Rs.)

RECEIPT Current Year | Proevious Year PAYMENT Current Year Previous Year
I. Opening Balance L. Expenditure
a) Cash n Hand {a) Establishnient Expenses
{b) Bank Balunces 1. Manpower Salaries, Wages and Allowances 289,171,507 2,07.12,442
2, Provision for Gratuity and leave encash 404,240 25.93,604
i) In current accounts
i1) In deposit Acgoumts 10.47.36.566 13,68,39.340] {b) Administrative Expenses
i) In Savings Accounts 67.90.729 S7.98.849] 1 Travelling & convevance experises 231629 66857
2, Postage Telephone & communication charges 313,754 304,346
11, Grants Received 3 Office and Admn Expenses 9.80,087 5.95.829
(1) Capital Grant 22422763 3.60,00.000] 4 Adveriisement & Publicity 188,189 1368143
{n) Revenue Grant 5.90.25.517 9,00,00,000f 5 Repair & Maintenance 17.55 985 1588.683
&, Printing & stationery 452453 422314
7. Quisoureing/CMOS AMCs gereral 14263379 11933 364
LEL Oiher Incomes and receipts 8. Fees & Honorariumy 3,98.479 438 065
1. Tender Fees 7,615 [ 23,545| 9. Elecncity & Water charges 1,0096.435
2. Ph D Fee 79,600 80,750 10. Workshop/Semunar Expenses 1.99,300
3. RTI Fee 30 -1 11 Vehicles Running & mamtenance 233512
4. Overhead income from exira murak projecis 409,763 8,35,645] 12 Walch & Ward Expenses 17.11.286 16,234,786
3. Incoine from Sample analysis 130511 30,331 _
6. Rental Income 67,353 £,19.370) {e} Research and Development Expenditore
7. Training Fee 508361 1.50.8500 1. Chemical & Consumables 20305 503 1.46.26.905
8_Income FromConsultancy Services - 42384 |2 Fellowships & Stipend 7155641 71.90,551
kA lication Fee 12,540 53.740 |3, Computer Software & Avcessories 2040610 12.85,581
10, LD Charges 9.85.000 7,082 |4. Patent Filling Fee #02633 S.19.046
11, Others {Misc ) 1,232,354 9,57.3595. Research Publication Expenses 2.04.573 3,140
12. Staff Weifure fund 74,129 1.67.859 6. Recognition fee & Membership fee 624,037 515,083
13, TDS refund recerved from [T Dept 27,016 | 11 Expenditure on Fixed Assets & Cupital Work-
in-Progress)
15 Receivable from debtors 4027080 | {a) Purchase of Fixed Assets
16, Imnterest received 21,75,833 50.72.261 | 1. Seientific Equipments & Accessories 2,89.60080 6,52 38.088:
17, External projects and fellowships (Including 2.1534,199 1,84.28,240 § 2. Computers and Penipherals 1143815 303,981
interest camned)
18, Security deposits received 3,89.842 3. Office Eguipments 18408 3,20, 780
4 Office & Guest House Furniture 11,57.681 1692213
{b} Expenditure nn Main Campus Building
1. Development of main campus 2408777 29 60863
1L Other Preject Payments I |
L. External projects and fellowships [ 20023 78¢ | 295 04,690
IV. Other Payments
1. Interest refunded 10 CFT 50,20.904 57.22.190
2. TES refund receivable 1,713,208
3. Eamest Money Deposits 3.60.000 12.36,000
4 Security Deposits: 1,217,392
5 Consumption deposit with PSPCL 1,37 444
6. Advanee to NICS) IR EXT
¥. Closing Balance
a) Cash in Hand
) Bank Balances
1} In Current Avcounts. ;
ii) In Deposit Accounts 4.08.99.769 10,4756 566
ik} In Savings Aceounts 2,14,87.773 67,90,725
Grand Total 21.94,92,784 29.31,61,704 | Grand Total 21.94,92,784 29.11,61,7
For SHAMMI GARG
CHARTERED ACCOLR
i e

(ANIL DHA@E]
FINANCE OFFICER
Dated, 18/08/2022
Place. Mohali

e «=® ~ Anil Dhankhar
e A= / Finance Officer

AR vd FEYE o - TR R
Center of Innovative and Applied Bioprocessing

shifiet v, R TR # W S e W
 Autonomous Insiiute under Department of Biotechnoingy, Govt. of ncia)
AFT- 01 (iAW R& )/ Sector-81 (Knowledge City)

WETER (WA, WRA . Mohai {Punjob), India

T FEF 3

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

TEA g

2. TN 9E  Prof. Ashwani Pareek
# Chief Executive Officer
Center of | i
enter of Innovative and Applied Bioprocessing
ST gt

, YRT SR
Department of Biotechnology, Gowt. of India

=81.[
(tom),

foré1) ~ sector-81 (Knowledge City)
WL / Mohali (Punjab), India

(CA SHAMMI
FARTNER
Membership No 09391

o
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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 31.03.2022

CORPUS/CAPITAL FUND
{Amount in Rs.)

Particulars Current Year Previous Year

Balance as at the beginning of the year 58.13,99.807 57,84,30,193
Add : Contributions towards corpus/capital fund 2,24,22.763 3,00,00,000
Add : Fixed Assets Created out of Project Grants 1,43,21,236
Add : Gratuity & LE transferred to LIC 14.70,000
Less/(Deduct) : balance of net expenses transferred from the
income & expenditure a/c -9.47.,62,760 -4,28,21,622

BALANCE AS AT THE YEAR -END 50,90,59,810 58,13,99,807

RESERVES AND SURPLUS

(Amount in Rs.)
Previous Year
1 1

Particulars Current Year

1.Capital Reserves: Land provided by Punjab Govt.
2.Revaluation Reserve
3.Special Reserve
4.General Reserve
4. Unspent Govt, Grant
As per last Account
Add: Addition during the year
Less; Payable to Govt. (Trasferred to Schedule-7)

TOTAL 1 1

My Cpande

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

. TN Wil Prof. Ashwani Pareek

(CA SHAMMI GARG\&) /i
PARTNER ETeS
. TIS>
Membership No. 095431

(ANIL DHANKHAR)
FINANCE OFFICER

Dated: 18/{)3{2022 = Emﬁama SFHR . Chier Executive Officer
Place: Mohali TG e ~ FHE B
Center of Innovative ang A lied Bi i
e e it i Pplied Bioprocessing
ﬂ-;’u M /Finance Officer Depar!mepl of Biotechnolrogy, Gowt. of India
EEEE - U R - 81 (Hierr )7 Sector-81 (Knowledge Gity)

Center of Innavati and " A .
(b i g, W:;WA&F::; m;g) et (o), e Mohali (Punjab), India
{An Autonomous Insttue unce! Depadment of Biotechnology, Govt of Indiz)
4T-81 (AT RA),Secior a1 (Knowisage Ciy

AR (), SR /Mohai (Punjab), Incia

4 0f 19
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SCHEDULE-4

SECURED LOANS & BORROWINGS
{Amount in Rs.)

Current Year Previous Year

Particulars
1. Central Government
2. State Government(specify)
3. Financial Institutions

4. Banks
5. Other Institutions & agencies “ 5
6. Debentures & bonds - .
7. Others(specify) - r
TOTAL = &
SCHEDULE-5
UNSECURED LOANS & BORROWINGS
(Amount in Rs.)
Particulars Current Year Previous Year
. Central Government * i
2. State Governmeni(specify) -
3. Financial Institutions - =
4. Banks: 2 =
5. Other Institutions & agencies - -
6. Debentures & bonds - =
7. Others(specify) = 2
TOTAL 2 5
For SHAMMI GARG & (,
i CHARTERED ACCOUNTANS
My oy e
(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) {CA SHAMMI GARU
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNER
Membership No. 095431
Dated: 18/08/2022 L JTA 918 / Prof, Ashwani Paresk
Place: Mohali %‘ y q-q*l y Ws il /é::e_lmegrgar
Center of innovative and Applied Bioprocessing
wm:mh mﬁr Department of Biolechnolbﬁuﬂwndia
E=r o ST T -y By AT~ 81 (Fiichor REY) /Sector-81 (Knowledgs Gity)
Center of Inovative and Applied Bioprocessing BT (IR ), MR~ Mohali (Punjab), Incia
(i it R, e e ) et e e v
*mﬂ;lg ?ﬁm R /Seciorst (m;u:::qm
T ), WA /Mohali (Puriab), ncia

6of18
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SCHEDULE-6
DEFERRED CREDIT LIABILITIES
(Amount in Rs.)

Particulars Current Year Previous Year
1. Acceptances secured by hypothecation of capital
equipment p
2. Others 7

TOTAL - -

SCHEDULE-7

CURRENT LIABILITIES & PROVISIONS
{Amount in Rs.)

Particulars Current Year Previous Year
A) CURRENT LIABILITIES
1. Sundry Creditors
a) For Goods/Services 2,39,38,578 46,76.966
b) For Securities 6,17.468 2,27.626
¢) Earnest Money Deposit 2,08,000 3,68.000
d) Caution Money deposited by students 25,000 25,000
e) Staff Welfare fund 3,10,877 236,748
2. Interest acerued but not due on:
a) Secured Loans/Borrowings
b) Unsecured Loans/Borrowings
3. Statutory Liabilities
a) TDS Payable 644,175 2,61,459
b) GST Payable 1,73.870 67,752
b) Punjab Development Tax 3,600 3.000
4. Other Current Liabilities
a) Manpower (Salary/fellowships) Payable 29.56,789 2206331
i) NPS contribution 4,51,669 2.79,606
b) Other Expenses Payable -
c) Interest refundable to CFl 20,13.,465 50,20,904
d) PM Cares Fund - 12,258
TOTAL(A) 3,13,43,491 1,35,85,650
B) PROVISIONS i
1. Gratuity 82,73.863 56.82.863
2. Leave Encashment 59,23.283 50.04,533
- TOTAL(B) 1,41,97,146 1,06,87,396
C) Amount transferred from General Reserve- Opening Balance
D) Surplus being payable to Government - Opening Balance i -
Less- Loss of current year
TOTAL(A+B) 4,55.40,637 2,42,73,046

For SHAMMI GAR

CHARTERED ACCOUSAN
M- il = e o

(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) (CA SHAMMI GARS
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNER 557
9. ¥R A Prof. Ashwani Pareek Membership Mo 095431
Dated: 18/08/2022 I FTIRD SRR/ Chiet Executive Qfficer
Place: Mohali CW il aﬁ‘"m $‘—?:
anteﬁli;f Innovative and Applied Bioprocessing
: HEER
e e TErS 7 Anil Dhankhar Department of Biotechnology, Govt. of India

ﬁ:ﬁm/Fa;‘f'qﬁw e Herr- 81 (ﬁiﬁ'\'ﬂ &) / sector-81 {Knowledge City)
Center of Innovative and Applied Bioprocessing ABTR (SSI), MR Mohali (Punjab), India
(e i o, e 1 7% e o)
Faer- 81 (AW W& )/Sector1 (Knowledge City)
Al ((q'ag), WA /Mohali (Punjab), India 7 of 19
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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

. Others (to be specified) .
TOTAL - e

Chl G ] —

o

SCHEDULE-10

OTHER INVESTMENTS
(Amount in Rs.)
Particulars Current Year Previous Year
I. In Government Securities - o
2. Other approved securities 2 i
3. Shares s i
4. Debentures & Bonds = A
3. Subsidiaries & Joint Ventures - .
6. Others(to be specified) i o
TOTAL a ; 5
(ANIL DHANKHAR) (PROF. ASHWANI PAREEK)

FINANCE OFFICER CHIEF EXECUTIVE OFFICER

9L, JTEEA 9IS / Prof. Ashwani Pareek
Dated: 18/08/2022 e SRR AU / Chief Executive Officer
Place: Mohali A TE FTIY A - TEER B

Center of Innovative and Applied Bioprocessing

, ST TR

Department of %gechnology. Govt. of India
s aTaEs -81 (et ) # Sector-81 (Knowledgs City)

fa=w mfﬁ'ﬂm" e (99T ), R/ Mohali (Punjab), India

A vd o) St - i B
Center of lnr i Apphed
{ﬁ shifir) fra, um mak A T IR W)
| Botechnology, Gow of Inda)
m" 8 (A% A& )/ secor-61 cnmq.cm
FERR (VW) W ohak (Punsab). Inka
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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 1.08,64,945 68,809,834
5. LIC Group Leave Encashment Scheme 1,03,35,043 63.96,166
6. Bank balances: -
a) With Scheduled Banks:
-0On Current accounts - -

-On Fixed Deposit accounts 4.08.99,769 10,47.56,566

-On Savings accounts
(i) State Bank of India A/c 2,14,87,773 67,90,729
TOTAL(A) 8,35,87,532 12,48,33,295

B) LOANS, ADVANCES AND OTHER ASSETS
1. Loans & i
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

d) Recoupable form Govt. Agencies

¢) Advance to Employees for Official Purpose 1,48,390

£) Others(specify)
(i) TDS Receivable 3,10,375 137,167
(ii) M/s Eurofins Genomics 1.690 1,690
(iii) National Informatic Center Service Inc. 11,12,004 #
(iv) Reliance Industries Limited 1,55.886 -
(v M/s Enzyme Biosciences Pvt. Ltd., - 9,794

3. Income acerued:

a) on investments from earmarked/endowment funds

b} on Investments

¢) on loans & advances

d) on Fixed Deposits with bank 1,01,361 548,888

e) on Savings Bank Account

4. Claims Receivable 5 &
TOTAL(B) 18,54,760 8,61,929

TOTAL(A+B) 8,54,42,292 12,56,95,224

For SHAMMI GARG & CO.

(ANIL DHANKHAR) (PROF. ASHWANI PAREEK) (CA SHAMMIIGART
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNERY

oI, ST 9k ~ Prof. Ashwani Pareek

Dated: 18/08/2022 o eHTdenTd FTEBIY / Chief Executive %!i:;er

Place: Mohali A TE SIS O - FEEhr
Sfret eI =S / Anil Dhankhar Center of Innovative and Applied Bioprocessing
fa=r sftrenTl / Finance Officer Fa SRR BT, YRE SR
= v SryegE S - e B Department of Biotechnology, Govt. of India
Center of Innovative and Applied Bioprocessing Jzry _ g1 (WTeter it /Sector-81 (Knowledge City)

St v, VR AR ® O R W) . : iab),
g' LY, i vy el (do), et/ Nghal (Punjab). India
RT-0 FRE1 ) #Secior-81 (Knowledge City)

REE (TR, R/ Mohali (Punjab), India
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SCHEDULE-12
INCOME FROM SALES/SERVICES

(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 5,90,25,517 9,00,00,000
Less: Unspent grant transferred to General Reserve
2. State Government . e
3. Government Agencies & B
4, Institutional /welfare bodies & Z
5. International Organisations < z
6. Others (to be specified) a i
TOTAL 5,90,25,517 9,00,00,000

SCHEDULE-14
FEES/SUBSCRIPTIONS

(Amount in Rs.)

Current Year

Previous Year

Particulars
1. Entrance Fees 2 2
2. Annual Fees / subscriptions > =
3. Seminar/program fees - -
4. Consultancy fees 3 i
5. Others & 5
TOTAL o I
SCHEDULE-15
INCOME FROM INVESTMENTS
(Amount in Rs.}
Particulars Current Year Previous Year

1. Interest - P
a)On Govt. securities %

b)Other Bonds/Debentures =

2. Dividends; - A
a)On shares i

b)On Mutual Fund securities i

3. Rents u B
4. Others (specify) " =
TOTAL - 2

(ANIL DHANKHAR)

FINANCE OFFICER

Dated: 18/08/2022
Place: Mohali

arﬁm HFAEE / Anil Dhankhar
/ Finance Officer
niﬁtih L

Center of Innovative and Applied Bicprocessing

HERR (TAR), WREMohai (Punjab). India

W - THERT e

\.'aﬂ!t-sl (St R& )/ Soctor81 (Knowiedg W),.

(Cpoweale

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER
9. SrEad qﬁawprof Ashwani Pareek
'ﬂ?ET | SfEr=R1R / Chier Exacutive Officer
T ~ FHEH]
Center of Innovative and Applied Bioprocessing
IR

panmem of Bnolechnology Gowt. of India
T4EY) / Sector-81 (Knowiedge City)
ol ), 'm/%ﬂ;]f‘@umab) India

Awee-8

Membership No. 095431
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SCHEDULE-16

INCOME FROM ROYALTY/PUBLICATIONS. ETC.
{Amount in Rs.)

Current Year Previous Year

Particulars

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 12,84.335 34.30,539
{ii) Accrued as on 31st March 1,01,361 5,48,888
b) With Non-Scheduled Banks:
2. On Savings Accounts:
a) With Scheduled Banks: 2,33,728 2,06,298
b} With Non-Scheduled Banks:
¢) Post Office Savings Account
d) Others
3. On Loans/Advances
a) Emplovees/staff 1,471
b) Interest on Mobilisation Advance
4)Interest on Debtors & other Receivables
a) Interest on refund of Income Tax 39.817
b) Interest on Leave encashment scheme with LIC 1,07,411
TOTAL 17,28,306 42,25,542

For SHAMMI GARG & CQ S

. CHARTERED ACCOUNT
(ANIL DHANKIAR) (PROF. ASHWANI PAREEK) CA SHAMMI GARE \
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNER
R st o _ ; Membership No. 0
Dated: 18/08/2022 T TR arm;;rjéﬂ/fé$8hwanl_ Paresk .
o ‘s . lef Executive Officer
Place: Mohali cq_f?l’ﬁ'ﬁ TF STITET - yeeaRu S
en eﬁr';f Innovative and Applied Bioprocessing
e , R R
Department of Biotechnology, G i
3ferel 4-TES 7/ Anil Dhankha Az g Y, Gowvt. of india
e MIF:WQMW : "ffm:;? E“Tﬁﬁ)msemrﬁ' (Knowladge City)
A gE I - SR e ? #Mohali (Punjab), India
Center of Ir and App P i
(ﬁ:‘;ﬂﬁm VT, MR TR B TR T R AR
tn instiute urder Departnent of B g1, Govt. of lndia)
Az~ 81 (Fra &) sector81 (knowtedge City)
HER (9, W /Mohali (Punjab). India
12 of 18
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OTHER INCOME
(Amount in Rs.)

Particulars Current Year Previous Year
1. Profit on sale/disposal of assets - g
2. Export Incentives realized - B
3. Fee for Miscellaneous Services - -
4. Miscellaneous Income
a) Tender Fees 7,615 23.295
b) Ph. D Fee 79,600 80,750
¢) RTI Fee 30 -
d) Overhead income from extra mural projects 4,09,763 8,35.648
e) Income from Sample analysis 1,30,511 29,719
f) Rental Income 67,353 5.30,536
g)Training Fee 5,08,361 1,47,250
h) Income FromConsultancy Services - 42,384
i) Application Fee 12,540 53,002
i) LD Charges 9,85,099 7,082
k) Others (Mise.) 1,22,334 9,57.359
TOTAL 23,23,206 27,07,005
SCHEDULE-19

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

1. Closing Stock = :
a) Finished Goods g =

b) Work-in-progress i -

2) Less: Opening stock 2 &
a) Finished Goods ¥ :

b) Work-in-progress 5 &
NET INCREASE/(DECREASE)(1-2) - -

For SHAMMI GARG & CO.

\/)’ % @MUW CHARTERED ACCOUNT
/ AR
r

{ANIL DHANKHAR) (PROF. ASHWANI PAREEK) CA SHAMMI GARG
FINANCE OFFICER CHIEF EXECUTIVE OFFICER PARTNER
Membership No. 095
Dated: 18/08/2022 . SR L/ Prof. Ashwani Paresk
j A& HRRIE AHTH / Chiof Executive Officer
Place: Mohali A= TF ST S - g S
Sifrel 7S / Anil Dhankhar e e rappied Blopracessing
g g e s OO Il B’°'9°h"°'09y Gowt. of India '
W bl g 1 S e (Hietst 421)./ Sector-81 (Knowledge City)
mm wm* A T T we) (YST), MRE./ Mohali (Punjab), India
Insitute under Department of Bilechnobgy, Govt. of India)

Faet-01 (A &) /Sector-81 (Knowledge City)
e ((q':.-n}, WA /Mohali (Punjab), India
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SCHEDULE-20

ESTABLISHMENT EXPENSES

1.31E. A ariver fdie 2021-22

(Amount in Rs.)

Particulars Current Year Previous Year
1. Manpower Salaries, Wages and Allowances 2,97,15,735 2,04,08.957
2. Provision for Gratuity and leave encashment - -
TOTAL 2.97.15.735 2,04,08,957

SCHEDULE-2]

OTHER ADMINISTRATIVE EXPENSES ETC.

(Amount in Rs.)

Particulars Current Year Previous Year

1. Travelling & conveyance expenses 2,31,629 66.897
2. Postage,Telephone & communication charges 5,14,266 3,04,346
3. Office & Admn Expenses 9,83,163 5,77.873
4. Advt. & publicity 1,88,189 13,67,205
5. Repair & Maintenance 17,58,299 16.64.080
6. Printing & stationery 4,52,453 | 4,22.314
7. Outsourcing/ CMCs/AMCs General 1,42.63,379 1,09,00,518
8. Fees & Honorarium 599,279 4,38,065
9. Electricity & Water charges 1,00,96,435 77.39.366
10. Workshop/Seminar Expenses 1,99.500 2,13.269
11.Vehicles Running & maintenance 2,33.512 1,43,728
12.Watch & Ward Expenses 17,11,286 16,24,786
13.Interest earned refundable to CF1 20,13,465 50,20,904

TOTAL 3,32,44,655 3,04,83,351

SCHEDULE-2] A

RESEARCH & DEVELOPMENT EXPENDITURE (INCL. GRANTS AND SUBSIDIES ETC)

{Amount in Rs.)

Current Year

Previous Year

Particulars

1. Chemical & Consumables 2.06,05,297 1,45,69,418
2. Fellowships & Stipend 77,78,041 71,90.551
3. Computer Software & Accessories 20,40,610 12,85,581
4, Patent Filling Fee 8,18.537 9,19.046
5. Research Publication Expenses 2,04.573 30,140
6. Recognition fee & Membership fee 6,24,037 6,15,053

TOTAL 3,20,71,095 2,46,09,789

-

{ANIL DHANKHAR)
FINANCE OFFICER

Qe

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

For SHAMMI GARG & CO.

/A

ot 3w WS~ Prof. Ashwani Pareek
wAETT e

Dated: 18/08/2022 Heq 7 Chief Executive Officer
Place: Mohali - SHERT
qﬁam / Anil Dhankhar Center of Innovative and Applied Bioprocessing
frer S /Finance Officer BT, e TWER
TE Y - ugERr @ . Department of Biotechnology, Govt. of India

Center of Innovalive and Applied Bioprocessing e~ 81 (=T ) #Sector-81 (Knowledge City)
(du dhaifrelt fvr, e e & v v T For) (TSN ), R~ Mohali (Punjab), India
pe L4

. Govt. of
deer-a1 }ﬂﬁw ) / Sector-81 (Knowledge City)
HER (YAN), YIRE ./ Mohai (Punjab), india
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SCHEDULE-22
EXPENDITURE ON GRANTS, SUBSIDIES ETC.

{(Amount in Rs.)

Particulars Current Year

Previous Year

(a) Grants given fo Institutions/Qrganisations

(b) Subsidies given to Institutions/Organisations

TOTAL

SCHEDULE-23
INTEREST

(Amount in Rs.)

Particulars Current Year

Previous Year

1. On Fixed loans

2. On other loans

3. Others(specify)

TOTAL

O

(PROF. ASHWANI PAREEK)
CHIEF EXECUTIVE OFFICER

(ANIL DHANKFHAR)
FINANCE OFFICER

ot
msmr-ﬁ Wz Prof. Ashwani Pareei

Dated: 18/08/2022 T/ Chiat Executive O
b r

Place: Mohali

SIS e - Ani D
h
B9 7 Finance ;‘:::ar
ST - ey

Ce s
nter of Innovative and Applied Eioprocesslng

Department of g; ’
- 81 (atrer fady ) 29Y: GOV, of India

) #Sector81 1,
nowledge Cj;
(o), IR/ Mohali (Punjab), Ingia e

A= vy
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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 POLICIES

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. There is no closing

stock as on 31" March 2022 for above mentioned 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 Govt.
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

2021-22.

F) MISCELLANEQUS EXPENDITURE

There is no deferred revenue expenditure during 2021-22.
G} ACCOUNTING FOR SALES

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

- %o
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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 2021-22, recurring grants amounting to Rs. 5,90,25,517/-
has been received for the purpose as shown in schedule-13. Non-recurring Grants amounting to
Rs.2,24,22,763/- have been shown as addition to Corpus/ Capital Fund (schedule-1).

Interest earned on Govt. Grant amounting to Rs. 20,13,465- 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, 2022 pertaining to FY 2021-22, 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 2021-22, 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. 1,41,97,146/- (Schedule-7) has been made in the boaks

of accounts.

For SHAMMI GARG & CO.
Chartesed Accountants

For Center of Innovative & Applied Bioprocessing

Financ Officer Chief Executive Officer (CA Shammi Garg) ..
1 N, ST I/ Prof. Ashwani P e
Dated: 3108/2022 T wRid Nﬁﬁﬂ&/(}hh@[&?::live%:g;'f dgond
Place: Mohali R U SR ot - ST S Membership No.095431
Center of Innovative and Applied Bioprocessing
mélam;/qnu Dhankhar Department of Biotechnology, Govt, of India
Wi oy /Fg'-q"f’q:':;;; i fwez-81 (mawrf T&&1) / Sector-81 (Knowledge City)
Cortar of inovaine and Appied Begramiociey e (9t ), W=/ Mohali (Punjab), india
mﬁmﬁm.mm&mwwm)
w#mmmmmnmommmmmﬂ.m.um;
HET- 81 (A )/ Sector-81 (Knowledge City)
TR (TH), SEA. Mohali (Punjohy), Incia
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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 th’ree parts (i) The Balance Sheet, (i) 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 2021-22. It is virtually a copy of Cash Book/Institute's accounts. The total receipt as shown in
Receipt & Payment Account comes to Rs.10,79,45,489/-, which include Rs.8,14,48,280/- received as recurring and
non-recurring grants from DBT, grant of Rs. 2,15,34,199/- for externally funded projects and Rs.49,63,010/- from
other receipts. Total amount of Rs.15,71,05,242/- 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.6,30,77,029/- which
includes Recurring Grant from DBT, Interest earned and Other Resources.

Total expenditure (before depreciation) comes to Rs.9,50,31,485/-, which also includes Rs.20,13,165/- of interest
earned on Grants, which is refundable to Govt,, and depreciation of Rs.6,28,08,304/- has been charged in the
current FY 2021-22. Further the amount of Rs.9,47,62,760/- being the excess of expenses over inceme 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 2021-22.

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.

18 of 19
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6. Land

The Government 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 2022, there is a balance of Rs. 2,08,77,965/- 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. 2,85,461/-

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. 1,08,64,545/- was computed towards liability for gratuity (Schedule-11) out of which an amount
of Rs. 25,91,082/- has been paid to LIC upto the financial year 2021-22 and Rs.82,73,863/- 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. 1,03,35,045/- was worked as liability for leave encashment (Schedule-11) out of which
an amount of Rs. 1,07,411/- has been credited by LIC as interest and Rs. 43,04,351 /- (including other
charges) has been paid to LIC upto the financial year 2021-22, and Rs. 59,23,283/- has been shown as

provision for leave encashment {Schedule-7).

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

The institute has been granted exemption u/fs 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 vear.

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

For Center of Innovative & Applied Bioprocessing For SHAMMI GARG & CO.
Chartered Accountants
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