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owards adding value
to the agricultural
produce,

bioprocessing and
innovation technologies
have been realized as
beneficial tools for the
benefit of farmers and
industries. In this effort,
Center of Innovative and
Applied Bioprocessing
(CIAB) is continuously
working for value addition
to primary and secondary
agriculture produce
through bioprocessing
innovations. CIAB's focus is
to identify gaps in the
research areas of biomass
utilization, bioprocessing,
food processing and
synthetic biology as well as
to provide solutions
through innovative
technologies. 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
chemicals, (i) Nutritionals,
nutraceuticals, and
upgradation of value or use
of primary processing
bioproducts and (iv)
Biosynthetic
technology/synthetic
biology for low volume-high
value products and
industrial enzymes.

| am happy to share that
during the vyear under
report, CIAB has filed seven
patents, four patents have
been granted and
published thirty-two
research publications in
high impact peer reviewed
journals. During 2019-20,
CIAB has licensed one

technologies to the
industries and signed non-
disclosure agreement for
three technologies with
industries. The hard work of
scientific staff has received
several competitive
research grants from
various funding agencies
during the year. In addition
to the core research
projects, Institute is working
on four international
research programmes and
several national research
projects in collaborations
with other institutions and
the industries. | feel pride in
sharing that institute has
received a very important
research programme
BRICS with all the five
participating countries.
Some of the key research
findings during the vyear
include identification of an
ethanol tolerant bacterium
A. pasteurianus SKYAA25
for acetic acid production
from apple pomace.
Ultrasonication has been
found to be assisting salt-
spices impregnation in
black carrots to attain
anthocyanins stability,
quality retention and
antimicrobial efficacy on
hot-air convective drying. A
scientific study has been
conducted to evaluate the
comparative effect of
intermittent microwave,
ultrasound and
conventional heating on
extraction of pectin from
black carrot pomace as
well as characterized the
process economics. Also, a
processing-Independent
extracellular production of
high purity C-phycocyanin
from Spirulina platensis has

“Innovations in bioprocess technology: a boon to
harness valuables from biomass and create
opportunities for business ”

Dr. Amulya K. Panda

Chief Executive Officer,
Center of Innovative and Applied Bioprocessing (CIAB)
Mohali, Punjab
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bee conducted. A novel D-allulose 3-epimerase gene
from the metagenome of a thermal aquatic habitat has
been characterized, and D-allulose production by
Bacillus subtilis whole-cell catalysis has been achieved.

Institute has developed agri-biomass based lignin
derived zinc oxide nanocomposites as promising UV
protectant-cum-antimicrobial agents. Heterostructured
manganese catalysts have been developed for the
selective oxidation of 5-hydroxymethylfurfural to 2, 5-
diformylfuran. Isolated a new flavonoid and waste to
wealth recovery of 6-O-ascorbyl esters from seeds of
Aegle marmelos. Process has been optimized for the
production of cellulose nanocrystals from rice straw
derived a-cellulose.

CIAB organized a national conference on “Innovations
in Bioprocess Technology (IBT-2019)”. There were more
than 50 scientific talks from industry and academia as
well as from young scientists. More than 200 participants
from across the country attended the conference. The
conference was highly successful as it was resulted in
signing of an MoU with an industry for collaborative
research and technology outreach. During the year
institute has also organized a four-day workshop on
“Secondary Agriculture and Bioprocessing”. Workshop
includes practical lectures from renowned experts in the
areas of bioprocessing, fermentation technology, food
technology and biotechnology. Participants have been
provided exhaustive hands on training in the specified
areas of the institute.

The institute celebrated various events of national
importance with great enthusiasm such as National
Science Day, Technology Day, Rashtriya Swachhta
Diwas, Republic Day, Hindi Pakhwara, Vigilance
Awareness Week etc. Institute has also participated in
National Science Congress and [ISF-2019. Institute also
conducted open day for school and college students,
public lectures, and seminars. CIAB participated in
Exhibition of Technologies in Food Processing and
celebrated national science day.

| would like to express my sincere gratitude to
Dr. HarshVardhan ji, Honorable Minister of Health and
family welfare, 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.

| sincerely acknowledge and express my thanks to
Dr.Renu Swarup, 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. V. Prakash, Chairman, Scientific Advisory Committee

(SAC) and all the members of the SAC for their critical
evaluation of scientific progress, motivation of scientists,
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 B. Anand, 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. Mohd. Aslam, Advisor,
DBT and Dr. A. Vamsi Krishna, Scientist E (Food and
Nutrition), Department of Biotechnology, Government of
India for their support and cooperation in running all the
activities of the institutes and providing a very strong link
between DBT and the institute. | acknowledge the
contribution of former CEOs of the institute during the
reportyear Dr. T. R. Sharma and Dr. Ramesh V. Sonti.

| really appreciate the efforts and achievements of

my scientists, staff and students that are reflected in this
annual report for the year 2019-20. My special thanks are
due to Dr. Sudesh Kumar, Dr. Sasikumar Elumalai,
Dr.Jayeeta Bhaumik, Dr. Sudhir P Singh and
Mr. Sukhjinder Singh 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
development of CIAB in their respective roles and
responsibilities.

Sd/-

Dr. AmulyaK. Panda

Chief Executive Officer

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

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

Mission

> To test, validate, translate, innovate, improve, up-
scale and integrate approaches and technologies
related to bioprocessing of agri-food/agri-mass for
promotion of secondary agriculture.

> To generate bioresources related knowledge and
advance R&D leads and potential for the growth of
research and innovation systems towards products
development, technology translation, product quality
assurance etc. in the sectors of agri-food and
secondary agriculture including technology
demonstrations, training, clustering of

>

entrepreneurs/stakeholders etc. in the lab-to-market
chain.

Objectives

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

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

To promote synergism among bioprocessing interest/relevant entrepreneurs, industrial establishments, start-up
companies, resource holders, research and development institutes, educational and service institutions individuals or
innovator groups to function in partnership and/or collaborative 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 Biotechnology Institute (NABI) and /or public
Institutions and/or those available through public domain/open source and/or from other sources in India and abroad,
after acquiring/adopting them through licensing /agreement/mutual understanding/consent etc. in case of proprietary
issues.
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20 3TTE, 2008: WA % ha1T HHHESH = Sta FeNfiehl forvmT, o o senfirehl Hamer, T Teehi o qed Tk T S o &9 H
STl SEEHT §TS T TSt T, HreTett H TTd it shi #epdl 2l

01 %, 2012: . TSi5 g HiTaT = sfiefiey o weener g Hrisr STl o &9 H qadT sl 371 T3 feeft & fetha sieiT,
SATATSIRTET (Selteh) # ST Fferarer i earer 6l

20 ST 2012: SRy 3 Hreret e, et -81, Hiereft # st o e si srqeum weerm (smsen) & $wiege aud feurdie
(3méesce) fafee & s1om gifore srater wrem

27 Tz, 2012 S 3 USTTe TS o AT SIS WieTsel o Usfisha STafem 1860 % q8d HIATSe! o & H TSI ey qoT
Hiten i THITTYH e g stata fram ue fafrmt s smfea fomam mm

09 T, 2012: T TohTT 31 vt iaeh 3 faeeit o St SelRehT T # SRS 26l 75 Sfisit = Sfifieg o wHiien i1t THRiue 3
oo et forfeerm ot ASLY @t 36 ST o T FRIGRT ST (SF. AT, TH. FaT) i iy oh1 forfier A smmaies srieha it g
I HEAT o1 T o F AT Fisha i ot sfoier & feam

18 e, 2013: sfiefiey sfafe gl €112 (fdta o), fefies &, Tauee T, /e 160071 3 afEterd i)

13 9, 2013: Sfieg 1 el foeprer 61 qerdt Sk Star sirefiveh ferm, whsfiet v, @ireft e, 78 feweft 7 smtfora 8
15 e 2013 Sfiefieg i wreft foraprer ot et Stk Star sitenfiveht forvmr, wisfett siveram, Treft e, 73 oot § smnfor i )
18 T, 2013 Sfiefiey Wt 1 veelt dadh St denfiht o, Hisfiett wircie, e T, 78 foeeht 7 sifsa it )

28 TE, 2013: FET ABFHSH (A TEHR) = HEA o 7T i o THEHT 3HT3 § A0 T ST 1T TEEHT b5, H Faa
ST T AL Al

08 3TTEd, 2014: TTEt Fraprer <Y <eft ok St Srenfirht fervm, Efisfiatt v, el Tre, 78 foett § stranfom g3l

13 FefeR 2014: HATSTS Hramret 1 gadt Saeh S Seifireht forsm, Efsiiett vt At T, 78 focedt & s g8
10 SR, 2015: HIETet o Hicist fadt (T 81) | EHTSTs JHRTITEAT o <hT fRTerr=me foha mam|

08 3T, 2015: Tt Fehrr <6 it Saeh S Senfiveht ferm, wisfiatt shivecram, wireft e, 78 faeett & trifer g8

28 TR, 2015: HISTETS Hremret 1 At Sah St Srenfisht formT, Eisfiett sivera, e e, 7% foeeh o g

02 3T, 2016: STk FeaTeewT Fufd (&) i =eft Fooh amsust, A # g

07 fads 2016: fore wftrfer (uweft) b aierelt ook S sfrenfireht foram, wichor wirciad, eh e, 7 feecht # smafsa g
07 fade, 2016: et ferrr (Sfieft) st St ook St Srenfieht ferem, wisfiat vt wireh T, 78 faeeft # o &)
07 forder, 2016: T Hremdt i <ot Sack S Fenfirht foram, Hisfiah w e, e e, 7 el F 52

T, 2017: ST 3 ot wfter o1 fmior et due g Ud e SR SR i S gl § Gt -81 (At fh), Hieret,
SIS H T st fo=m mm

17 SIS, 2017: AT FetTeshi afHf (&) i uiee! do Hremsust, diere 7 g3l

06 3T, 2017: HIATSTSH Hie T T IG1eH WA S, guard, famm i srenfireht wet gedlt forsm = wisft g foam mam
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» August 20, 2008: The Union Cabinet of India approved the establishment of Bioprocessing Unit as an Autonomous
Institute in Knowledge City, Mohali, Punjab under the Department of Biotechnology, Ministry of Science and
Technology, Government of India.

» May 01, 2012: Dr. Rajender Singh Sangwan assumed charge as the founder Chief Executive Officer of BPU and
operationalized a BPU Secretariat at BIRAC (DBT), Defence Colony, New Delhi.

» August 20, 2012: BPU opened its Transit Office at Institute Works Department (IWD) Building of Indian Institute of
Science Education and Research (IISER) at Knowledge City, Mohali, Sector-81, Mohali.

» September 27, 2012: BPU registered as a Society under Registration of Societies Act 1860, as applicable to the
State of Punjab, governed by the drawn and approved Memorandum of Association and Rules and Regulations
thereunder.

» November 09, 2012: First meeting of the Governing Body of BPU held at Department of Biotechnology, New Delhi.
The GB approved and adopted the Memorandum of Association and Rules and Regulations of BPU. It also
delegated financial and administrative powers of BPU to the Chief Executive Officer of the Institute (Dr.
R.S.Sangwan). It also formalized some of the early enabling mechanisms of functionality of the institute.

> February 18, 2013: BPU interim facility operationalized at C-127 (2 floor), Industrial Area, SAS Nagar, Mohali
160071.

» March 13, 2013: Second meeting of the Governing Body of BPU held at the Department of Biotechnology, CGO
Complex, Lodhi Road, New Delhi.

» November 15, 2013: Third meeting of the Governing Body of BPU held at the Department of Biotechnology, CGO
Complex, Lodhi Road, New Delhi.

» November 18, 2013: First meeting of BPU Society held at the Department of Biotechnology, CGO Complex, Lodhi
Road, New Delhi.

» November 28, 2013: Union Cabinet (Govt. of India) approved the change of name of the institute from Bioprocessing
Unit to Center of Innovative and Applied Bioprocessing.

» August 08, 2014: Fourth meeting of the Governing Body held at the Department of Biotechnology, CGO Complex,
Lodhi Road, New Delhi.

» November 13, 2014: Second meeting of CIAB Society held at the Department of Biotechnology, CGO Complex,
Lodhi Road, New Delhi.

» February 10, 2015: Foundation stone of CIAB laboratory building laid at Knowledge City (Sector 81), Mohali.

» October 08, 2015: Fifth meeting of the Governing Body held at the Department of Biotechnology, CGO Complex,
Lodhi Road, New Delhi.

» November 28, 2015: Third meeting of CIAB Society held at the Department of Biotechnology, CGO Complex, Lodhi
Road, New Delhi.

» August 02, 2016: Fourth meeting of the Scientific Advisory Committee (SAC) held at CIAB, Mohali.

» September 07, 2016: Fifth meeting of the Finance Committee (FC) held at Department of Biotechnology, CGO
Complex, Lodhi Road, New Delhi.

» September 07, 2016: Sixth meeting of the Governing Body (GB) held at Department of Biotechnology, CGO
Complex, Lodhi Road, New Delhi.

» September 07, 2016: Fourth meeting of the CIAB Society held at Department of Biotechnology, CGO Complex, Lodhi
Road, New Delhi.

» March, 2017: Construction of permanent campus of CIAB completed and office & laboratory of CIAB shifted from
interim facility to permanent campus at Sector-81 (Knowledge City), Mohali, Punjab.

» July 17, 2017: Fifth meeting of the Scientific Advisory Committee (SAC) held at CIAB, Mohali.

» August 06, 2017: CIAB main campus was inaugurated by Hon'ble Dr. Harsh Vardhan, Minster of Science &
Technology and Earth Sciences.
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» August 16, 2017 : Dr. R. S. Sangwan was relieved from the post of CEO, CIAB.
August 17, 2017: Dr. T. R. Sharma, ED, NABI taken additional charge as CEO, CIAB.

A\

» October 06, 2017: Sixth meeting of the Finance Committee (FC) held at Department of Biotechnology, CGO
Complex, Lodhi Road, New Delhi.

» November 01, 2017: Seventh meeting of the Governing Body (GB) held at Department of Biotechnology, CGO
Complex, Lodhi Road, New Delhi.

» December 14, 2017: Fifth meeting of the CIAB Society held at Department of Biotechnology, CGO Complex, Lodhi
Road, New Delhi.

May 18, 2018: Sixth meeting of Scientific Advisory Committee (SAC) held at CIAB Mohali.

June 30, 2018: Seventh Meeting of Finance Committee (FC) held at NABI, Mohali

June 30, 2018: Eighth meeting of Governing Body (GB) of CIAB held at NABI, Mohali

November 16, 2018: Sixth meeting of CIAB society held at CSIR Science Centre, New Delhi.

February 28, 2019: Eighth meeting of Finance Committee (FC) held at New Delhi

March 11, 2019: Ninth Meeting of Governing Body (GB) of CIAB held at NABI, Mohali.

June 07, 2019: Seventh Meeting of the Scientific Advisory Committee (SAC) held at CIAB, Mohali.

August 21, 2019: Ninth Meeting of the Finance Committee (FC) held at DBT, New Delhi.

September 16, 2019: Tenth Meeting of the Governing Body (GB) held at DBT, New Delhi.

November 01, 2019: Seventh Annual General Meeting of the CIAB Society held at CSIR Science Centre, New Delhi.

YV V V V V V V V V V VY

March 11, 2020: Tenth Meeting of the Finance Committee (FC) held at DBT, New Delhi.
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Members of CIAB Society

Dr. Harsh Vardhan

President (Ex-officio)

Hon'ble Union Minister of Science & Technology and
Earth Sciences

New Delhi

Dr. Renu Swarup

Member (Ex-officio)

Secretary, Department of Biotechnology,
Ministry of Science & Technology,

CGO Complex, Lodhi Road, New Delhi

Sh. B. Anand

Member (Ex-officio)

Addl. Secretary & Financial Advisor,
Department of Biotechnology,

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

Prof. J. Gowrishankar

Member (Ex-officio)

Director,

Indian Institute of Science Education and Research,
Knowledge City, Sector-81, Mohali

Dr. Dinakar M. Salunke

Member (Ex-officio)

Director,

International Centre for Genetic Engineering

& Biotechnology, Aruna Asaf Ali Marg, New Delhi
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Dr. Ramesh V. Sonti

Member (Ex-officio)

Director,

National Institute of Plant Genome Research, Aruna
Asaf Ali Marg, New Delhi

Dr. R. Hemalatha

Member (Ex-officio)

Director,

National Institute of Nutrition,

Indian Council of Medical Research, Hyderabad

Dr. Mohd. Aslam

Member (Ex-officio)

Scientist-G & Advisor

Department of Biotechnology,

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

Dr. T. R. Sharma

Member-Secretary (Ex-officio) (up to 27-01-2020)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti

Member-Secretary (Ex-officio) (from 28-01-2020)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab
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Members of Governing Body of CIAB

Dr. Renu Swarup

Chairperson (Ex-officio)

Secretary,

Department of Biotechnology,

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

Sh. B. Anand, IAS

Member (Ex-officio)

Addl. Secretary & Financial Advisor,
Department of Biotechnology,

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

Sh. Chandra Prakash Goyal, IFS

Member (Ex-officio)

Joint Secretary, Department of Biotechnology,
Ministry of Science & Technology,

CGO Complex, Lodhi Road, New Delhi

Dr. Mohd. Aslam

Member (Ex-officio)

Scientist-G & Advisor

Department of Biotechnology,

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

Dr. T. R. Sharma
Member (Ex-officio) (up to 27-01-2020)
Executive Director

National Agri-Food Biotechnology Institute (NABI),

Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti
Member (Ex-officio) (from 28-01-2020)
Executive Director

National Agri-Food Biotechnology Institute (NABI),

Knowledge City, Sector 81, Mohali, Punjab

Prof. J. Gowrishankar

Member (Ex-officio)

Director, Indian Institute of Science Education and
Research, Knowledge City, Sector-81, Mohali
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Dr. S. S. Handa
Member

Former Director,
CSIR-IlIM, Jammu

Dr. Sanjay Nene
Member

Former Chief Scientist,
CSIR-NCL, Pune

Dr. V. Prakash
Member

Former Director,
CSIR-CFTRI, Mysore

Dr. C. K. Katiyar
Member

CEOQO Healthcare,
Emami Limited, Kolkata

Dr. Sudesh Kumar

Member (on rotational basis)

Scientist-F,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. S. Saravanamurugan

Member (on rotational basis)

Scientist-E,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. T. R. Sharma

Member-Secretary (Ex-officio) (up to 27-01-2020)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti

Member-Secretary (Ex-officio) (from 28-01-2020)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab
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Members of Finance Committee of the Institute

Sh. B. Anand, IAS

Chairman (Ex-officio)

Addl. Secretary & Financial Advisor,
Department of Biotechnology,

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

Dr. T. R. Sharma
Member (Ex-officio) (up to 27-01-2020)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,

Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti
Member (Ex-officio) (from 28-01-2020)
Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,

Knowledge City, Sector 81, Mohali, Punjab
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Dr. V. K. Addanki

Member (Ex-officio)

Nodal Officer & Scientist-E,
Department of Biotechnology,

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

Sh. Suneet Verma

Non-member Secretary (Ex-officio)

Manager (Finance),

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab
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Scientific Advisory Committee (SAC)

Dr. V. Prakash

Chairman

Former Director, Central Food Technological
Research Institute,

No-58, 5A Main Vontikoppal
Mysore-570002

Dr. A. K. Panda

Co-chairman

Director, National Institute of Immunology,
Aruna Asaf Ali Marg, New Delhi - 110067, India

Dr. Mohd. Aslam

Member

Advisor, Department of Biotechnology,
Block -2, 6th-8th Floor, CGO Complex,
Lodi Road, New Delhi-110 003

Dr. D. K. Sahoo

Member

Chief Scientist, Institute of Microbial Technology
(IMTECH),

E-11, IMTECH Housing, Sector- 39 A,
Chandigarh 160036

Dr. Sanjay Kumar

Member

Director, Institute of Himalayan Bioresource
Technology, Palampur,

Post Box No. 6 Palampur (H.P) 176061

Dr. Ashutosh Upadhyay

Member

Professor and Head, Dept. of Food Science and
Technology, NIFTEM,

Plot No. 97, Sector 56, HSIIDC, Industrial Estate,
Kundli, Sonipat, Haryana 131028
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Dr. R. V. Gadre

Member

Former Chief Scientist, National Chemical
Laboratory, Flat No-4 Anushree 43/129, IDEAL
Colony, Kothrud, Pune-411038

Dr. Syed Shams Yazdani

Member

Group Leader- Microbial Engineering,
International Centre For Genetic Engineering And
Biotechnology, Aruna Asaf Ali Marg, Jawaharlal
Nehru University, New Delhi, Delhi 110067

Dr. Arun Goyal

Member

Former Head, Department of Biosciences and
Bioengineering, Indian Institute of Technology
Guwahati, 781039, Assam

Dr. T. R. Sharma

Member (Ex-officio) (up to 27-01-2020)

Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti

Member (Ex-officio) (from 28-01-2020)

Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. Sudesh Kumar Yadav

Member-Secretary (Senior Scientist of the
Institute)

Scientist F,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab
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Building Committee for Campus
Development of the Institute

Prof. Akhilesh Kumar Tyagi
Chairman

Professor, Delhi University

Former Director, NIPGR, New Delhi

Dr. T. R. Sharma

Member (Ex-officio) (up to 27-01-2020)

Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti

Member (Ex-officio) (from 28-01-2020)

Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
Knowledge City, Sector 81, Mohali, Punjab

Dr. T. R. Sharma
Member (Ex-officio) (up to 27-01-2020)
Executive Director

National Agri-Food Biotechnology Institute (NABI),

Knowledge City, Sector 81, Mohali, Punjab

Dr. Ramesh V. Sonti
Member (Ex-officio) (from 28-01-2020)
Executive Director

National Agri-Food Biotechnology Institute (NABI),

Knowledge City, Sector 81, Mohali, Punjab

Shri. S. L. Kaushal
Member
Former Chief Architect, Punjab

Sh. Harender Singh
Member
Executive Engineer, NIl, New Delhi
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Sh. K. K. Kaul

Member

Former Chief Town Planner,
GMADA, Chandigarh

Sh. R. L. Sharma
Member
Former Sr. Deputy F&A, CSIR

Sh. Dinesh Rangra
Member
Deputy Director, NIIFT

Sh. S. Krishnan
Member

Manager Administration,
NABI, Mohali

Sh. Suneet Verma
Member

Manager Finance,
NABI, Mohali

Dr. Joy K. Roy
Member
Scientist-F,
NABI Mohali

Sh. Jaspreet Singh
Non-member Convener
Asst. Engineer (Civil), NABI, Mohali
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Recruitment and Staff Status of the Institute
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Staff Status (as on 31° March 2020)
SCIENTIFIC STAFF

Sr. No. | Name Designation Date of Joining

1. Dr. T. R. Sharma Chief Executive Officer up to 27-01-2020
(Additional Charge)

2. Dr. Ramesh V. Sonti Chief Executive Officer from 28-01-2020
(Additional Charge)

3. Dr. Sudesh Kumar Scientist-F 12-04-2016

4. Dr. Saswata Goswami Research & Innovation- Associate 11-03-2015
Plant Manager

5. Dr. S. Saravanamurugan Scientist-E 14-07-2016

6. Dr. Sasikumar Elumalai Research & Innovation- Processing | 24-03-2014
Plant Engineer

7. Dr. Jayeeta Bhaumik Scientist-D 12-08-2016

8. Dr. Bhuwan Bhushan Mishra Scientist-C 07-12-2014

9. Dr. Sudhir Pratap Singh Scientist-C 24-06-2015

10. Dr. Meena Krishania Choudhary Research & Innovation- 01-01-2016
System Analyst

TECHNICAL STAFF

Sr. No. | Name Designation Date of Joining

1. Sh. Balwan Singh Assistant Engineer (Electrical) 01-08-2014

2. Sh. Manijeet Singh Assistant Engineer (Civil) 07-07-2017

3. Sh. Umesh Singh Senior Technical Assistant (Chemistry) 04-12-2013

4, Dr. Nidhi Budhalakoti Senior Technical Assistant (Food & Nutrition) 21-01-2016

5. Dr. Vinod Kumar Technical Officer 09-02-2016
(Microbial Technology)

6. Dr. Mainpal Singh Senior Technical Assistant (Farm) 01-03-2014
(Additional charge)
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3. #ff ST T3t EERKHRED 07-03-2014
4. #t G AT et EEPKIHEED 04-09-2015
5. ot gafss fie KERKRIRED 19-10-2016
6. EIREIREEIC] Tt HETIh (37T TN 01-12-2012
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Staff Status (as on 31* March 2020)
ADMINISTRATIVE STAFF

Sr. No. | Name Designation Date of Joining

1. Sh. Suneet Verma Administrative Officer 11-07-2018
(Additional charge)

2. Sh. S. Krishnan Stores & Purchase Officer 04-05-2018
(Additional charge)

3. Sh. Aman Sethi Management Assistant 07-03-2014

4. Sh. Sant Lal Passi Management Assistant 04-09-2015

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

6. Ms. Hema Pharshwan Management Assistant 01-12-2012

(Additional charge)
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SATHT Srearar <t Reerfar (31 AT=H 2020)

Research Scholar Status (as on 31° March 2020)

TRATSHAT ST, AT TG/ AT

PROJECT SCIENTIST, RESEARCH ASSOCIATES/SCHOLARS

Sr. No Name Desig. Date of Joining

1 Ms. Girija Kaushal SRF 30-05-2016
2 |Sh. Sandeep Kumar SRF 23-06-2016
3 |Ms. Anjali Purohit SRF 08-07-2016
4 |Sh. Sushil Kumar Rai SRF 02-08-2016
5 |Ms. Sanjam Chandna SRF 24-10-2016
6 |Sh. HadiAli SRF 03-04-2017
7 |Sh. Nishant Pandey JRF 23-04-2017
8 |Ms. Ravneet Kaur SRF 08-05-2017
9 |Dr. Jitesh Kumar RA 01-06-2017
10 |Ms. Priyanka Pal JRF 09-06-2017
11 |Sh. Varun Kumar JRF 18-07-2017
12 |Ms. Simran Bahtia JRF 31-07-2017
13 |Ms. Neera Aggarwal JRF 09-08-2017
14 |Sh. Yedulla N. Reddy JRF 16-08-2017
15 |Ms. Monika JRF 12-03-2018
16 |Ms. Sunanda JRF 20-04-2018
17 |Ms. Navodita Kapoor JRF 23-04-2018
18 |Ms. Namrata Joshi JRF 23-04-2018
19  |Ms. Shatabdi Paul JRF 27-04-2018
20 [Dr. Neeraj Singh Thakur RA 01-05-2018
21 |Ms. Manisha Sharma SRF 07-05-2018
22 |Ms. Mehak Kamboj PF 07-05-2018
23 |Ms. Amita Sharma SRF 23-07-2018
24 |Sh. Satya Narayan Patel SRF 01-09-2018
25 [Dr. Munna Bhattacharya RA 29-10-2018
26 [Ms. Neha Sharma JRF 06-02-2019
27 |Sh. Nitish Sharma SRF 16-04-2019
28 [Dr. Shelja Sharma RA 29-04-2019
29 [Sh. Deepak SRF 08-05-2019
30 [Dr. Sanjeev Kumar Bhardwaj RA 22-05-2019
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FFEUT aredrar sy fearfa (31 7r=t 2020)

Research Scholar Status (as on 31* March 2020)

TREISTAT AT, STELTT T/ Tedar

PROJECT SCIENTIST, RESEARCH ASSOCIATES/SCHOLARS

Sr. No Name Desig. Date of Joining

31 |Ms. Sundeep Kaur JRF 03-06-2019
32 |Ms. Dalveer Kaur PF 07-06-2019
33 |Dr. Mayanglambam Manolata Devi RA 11-06-2019
34 |Ms. Pooja Negi JRF 11-06-2019
35 |Ms. Puja Kumari JRF 11-06-2019
36 |Ms. Saumya Singh JRF 20-06-2019
37 |Ms. Sangeeta Mahala JRF 20-06-2019
38 |Sh. Vibhu Mishra JRF 24-06-2019
39 |Dr. Sucheta RA 22-07-2019
40 |Ms. Harshdeep Rana JRF 15-10-2019
41 |Ms. Jyoti JRF 17-10-2019
42 | Dr. A Senthil Murugan RA 22-01-2020
43 |Ms. Bhawana Devi JRF 03-02-2020
44 |Ms. Nidhi Aggarwal PF 29-02-2020
45 |Ms. Aishwarya Singh JRF 02-03-2020
46 |Dr. Arushdeep Sidana RA 09-03-2020
47  |Ms. Geetika Jain JRF 12-03-2020
48 |Sh. Mangat Singh SRF 15-03-2020
49 |Sh. Sahil Kumar SRF 15-03-2020
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T 3T AT U UATES ST T (HATSTSH), 7 10 L, 2014 T STeear o TR sTrenfireht feraforerer, fewmw, sfamon o wrer o
TSI T T STe fohe, Tore et fetlt o fore eiaATSustt o STt o Ui iehtor I Ut STTEHET 37 3o 31d FTTHU FRIsHH i al
T b of o AT fet o &t bl Sgram ST R
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Academic and R&D Linkages

New

»  CIAB has signed MoU with CSIR-Institute of Himalayan Bioresource Technology (IHBT), Palampur, Himachal Pradesh
and National Agri-Food Biotechnology Institute (NABI), Mohali for academic and research collaboration including
exchange of students, collaborative R&D projects in the areas of Biotechnology, Agricultural Sciences, Bioprocessing,
Food and Nutrition Sciences.

»  CIAB has signed MoU with M/s Innovation Biologicals Pvt. Ltd., Pune, Maharashtra for research collaboration.

»  CIAB has signed MoU with M/s Baijnath Pharmaceutical Pvt. Ltd., for collaborative research programmes of common
interest.

Previous

»  CIAB along with NABI has signed an MoU with Office of Principal Scientific Advisor (PSA) to Government of India and
Bioendev AB, Sweden for a collaborative project titled “Development & validation of technology for production of high
energy density biocoal from rice straw and other agri-biomasses” for a period of two years with total budget amounting
toRs.11,16,71,545/-

» CIAB has signed an MoU with M/s Halder Topsoe, Denmark for a research consultancy project titled “Selective
Transformation of Biomass-Derived Glycolaldehyde Using Chemocatalysis” for a period of one year with total budget
amountingto Rs. 10,95,651/-

» Center of Innovative and Applied Bioprocessing (CIAB) signed an MoU with Indian Institute of Technology Ropar (IIT
Ropar) on 26 February, 2018 for joint academic research and collaborations.

» Center of Innovative and Applied Bioprocessing (CIAB) signed an MoU with Regional Centre of Biotechnology (RCB),
Faridabad on 22 February, 2018. Wherein, CIAB is a recognized centre of the RCB to conduct PhD (Biotechnology)
programme. The programme will be conducted at CIAB and the degree will be awarded by RCB.

» Center of Innovative and Applied Bioprocesing (CIAB) became a signatory to join the inter-institutional networking
platform called Chandigarh Region Innovation Knowledge Cluster (CRIKC) on May 11, 2013 for inter-disciplinary
research and academics.

»  Center of Innovative and Applied Bioprocesing (CIAB), signed an MoU with Central Univeristy of Punjab, Bathinda
(CUPB) on January 10", 2014 for the promotion of quality research and high end research programme by collaboration
between two insitutions. The MoU covers broad areas of research from biological to chemical disciplines. The MoU
entails PhD registration of eligible CIAB students at CUPB recognition of CIAB scientists as Adjunct Professor of
CUPB.

»  Center of Innovative and Applied Bioprocessing (CIAB), signed an MoU with Guru Jambheshwar University of Science
and Technology, Hissar, Haryana on February 10", 2014 for the registration of students of CIAB for PhD degree and
promotion of quality research and high end research programme between two institutions in the areas of mutual
interest.

»  Center of Innovative and Applied Bioprocessing (CIAB) and Baba Farid University of Health Sciences, Faridkot signed
an MoU on May 10", 2014 for using the potential faculty and Laboratory resources mutually. The MoU is aimed to
encourage research in medical and allied sciences, guide PG students/PhD scholars of different streams for carrying
out dissertation work at BFUHS and CIAB and for other research collaborations for time to time between the faculties of
both organizations.

» Center of Innovative and Applied Bioprocessing (CIAB), Mohali has been recognized as Research Centre of Panjab
University, Chandigarh for PhD supervision and faculty of CIAB can be appointed as Research Supervisors for PhD
students (Annexure-I).
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Academic and R&D interactions, linkages and collaborations with other national and

Indian Institute of Science Education and Research (IISER) Mohali has facilitated the provision of registration of CIAB
students in PhD registration and recognition of CIAB faculty as PhD supervisors as per their specified terms of reference

(Annexure-Il).

National Agri-Food Biotechnology Institute (NABI), Knowledge City, Sector 81, Mohali, Punjab.

Center of Innovative and Applied Bioprocessing (CIAB) signed an MoU with Central University of Haryana (CUH),
Mahendergarh on 16-07-2016 to initiate academic and research programmes between the two Institution in the broad
areas of Biological Sciences, Biotechnology and Chemical Sciences. The MoU entails PhD registration of eligible CIAB

students at CUH and recognition of CIAB scientists as Adjunct faculty of CUH.

international institutions

The institute has established academic interactions, linkages and collaborations with several other institutions, nationally
as well internationally. With some already actions or projects etc. are on while with others it is at initiation of discussion

or planning ahead stage

National

VVVVVVYYVYVYVVVVYVYYY

CSIR-Institute of Himalayan Bioresource Technology (IHBT), Palampur
Institute of Nano Science and Technology (INST), Mohali

Center for Biotechnology, Hisar, Haryana

The Energy and Resources Institute (TERI)

Indian Institute of Technology, Roorkee

National Agri-Food Biotechnology Institute, (NABI)

Punjab Agricultural University (PAU), Ludhiana

Defence Food Research Laboratory (DFRL), Mysore

Avantha Centre for Industrial Research and Development, ACIRD, Yamuna Nagar
Sangha Innovation Pvt. Ltd.

Guru Jambheshwar University of Science and Technology, Hisar

Punjab University, Chandigarh

Sant Longowal Institute of Engineering and Technology (SLIET), Sangrur
National Institute of Technology, Durgapur

Indian Institute of Science Education and Research (IISER), Mohali
Central University of Punjab, Bhatinda

Central University of Haryana, Mahendergarh
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International
» Lincon University, Lincoln, UK

» Sheffield Hallam University, Sheffield, UK,

» Durban University of Technology, Durban, South Africa,

» Tianjin University of Science and Technology, Tianjin, China

» Federal University of Parana, Curitiba, Brazil

> AN Bach Institute of Biotechemistry (Federal Research Center on Biotechnology at MSU-MV, Lomonosov),
Moscow, Russia

» Montpellier SupAgro, Montpellier, France,

» Clermont Ferrand Polytechnic, France,

» European Center for Biotechnology and Bioeconomy (CEBB), Pomacle, Reims (France

» Wageningen University and Research (WUR), The Netherlands

Linkages with the Industries

The institute is working in linkage with several industries locally and outside. These industries are targeted to be the
stakeholders for the research and innovation, besides other stakeholders and interested enterprises. These industry with
which CIAB has linkage, liaison and interaction are listed below:

Reliance Industries Limited

AamzToFaamz Technosolutions Pvt. Ltd, Mohali

Dr. Silviu Pharmachem Pvt. Ltd. Kolkata

Haldor Topsoe, Sweden

The Unati Co-Operative Marketing-Cum-Processing Society Limited
Nagarjuna Fertilizers and Chemical Ltd, Hyderabad

Petiva Pvt. Ltd.

Kuber Roller Mills Pvt. Ltd.

Diovita Foods Pvt. Ltd.

Hydrolina Biotech Pvt. Ltd., Chennai

YV VV V VYV VYV V V VY V V

Innovations Biologicals Pvt. Ltd.,
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Following sketch graphically mirrors the scope of
research and innovation to serve the mission and vision of
the institute that is centric to the development of value
added products of edible and nonedible usage from un-
utilized or under-utilized biomass. To realize the
objectives of the institute with that focus on operational
framework of research work have been evolved in the
form of following four major mandate areas:

Area-A:

Area-B:

Area-C:

Area-D:

Value Addition to Primary Processing
R esidues or Wastes for Edible Products
Valorization of Crop Wastes for Specialty
Products and Chemicals

Nutritionals, Nutraceuticals, and Upgradation
of Value or Use of Primary Processing
Bioproducts

Biosynthetic Technology/Synthetic Biology for
Low Volume-High Value Products and
Industrial Enzymes

A brief graphical depiction of research and innovation landscape of the Center of Innovative and Applied
Bioprocessing (CIAB) with respect to the need and scope of value addition to the un-utilized or under-utilized

biomass.
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ATt 1. NaBH,/aq. NaOH ST B3It o g 7 st 3 for wfsram

Citronella essential Citronellal NaBHs 10% aq. NaOH Citronella oil variant

SN oil (g) (2 (2 (mL) (Yoyield)
1 1 0.38 0.05 2.5 0.91 (~91%)
2 10 3.81 0.50 25 8.97 (~90%)
3 50 19.05 2.50 100 43.5 (~89%)
4 100 38.10 5.00 200 87.8 (~88%)
5 200 76.20 10.0 300 175.0 (~88%)
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Research area: A

VALUE ADDITION TO PRIMARY PROCESSING RESIDUES/WASTES FOR EDIBLE PRODUCTS

This area entails projects and activities focused at
developing and/or gainfully modifying 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,
kinnow byproducts and xylitol from rice residues are
some of the representative examples of such
products.

A 01: Rose oxide value addition to citronella
(Cymbopogon winterianus) essential oil and
production of pure rose oxide therefrom

The volatile oils obtained from many plants have poor
commercial value due to the lack of fine flavour. These
include citronella (Cymbopogon winterianus), palmarosa
(Cymbopogon martinii), and lemongrass (Cymbopogon
flexuosus). In order to upgrade the commercial value of
such volatile oils, some fine flavour can be imparted by
changing their olfactory impression through induction of
certain rare volatiles of high olfactory note/significance.
Rose oxide occupies top rank in such volatiles of major
olfactory significance. The levorotatory cis-rose oxide or
(-)-(2S,4R)-4-methyl-2-(2-methylprop-1-
enyl)tetrahydropyran exhibiting “floral:green” aroma and
lower order threshold than the (+)-cis or either of the
trans-enantiomers, is a major natural fragrance presentin
few flowers (e.g. Damask rose, Dracocephalum
heterophyllum), foliage (e.g., geranium, Eucalyptus
citriodora), fruits (e.g., lychee), or fruit products (e.g.,
Gewurztraminer wine). This natural (-)-cis-rose oxide is

very expensive. Therefore, synthetic rose oxide is
produced on a much larger scale as a mixture of the four
(-)-cis-, (+)-cis-, (-)-trans-, and (+)-trans stereocisomers,
having an aroma profile similar but not identical to the
natural and most fragrant (-)-cis-rose oxide stereoisomer.

Research Progress

We have earlier reported few gram scale processes for
the in situ rose oxide enrichment led valorisation of low
value citronella essential oil (Indus Crops Prod, 2017, 97,
567; J Cleaner Product, 2018, 172, 1765), wherein the
synthesis of citronella essential oil variant (containing
>30% citronellol) from citronella oil was the crucial step.
In this step, citronellal occurring in the citronella oil was
reduced to citronellol by the activity of NaBH, in presence
of dry THF as reaction solvent at room temperature. In
order to develop a cost-effective and organic solvent free
approach, we successfully developed a reaction system
consisting of NaBH, and NaOH (catalytic amount) in
water as a solvent at room temperature. Accordingly, a
highly efficacious chemical processing of citronella
essential oil to afford citronella essential oil variant with
respect to citronellol (~30% qualitatively) was achieved
and the process could be scaled up to 300g of substrate,
results summarizedin Table 1.

The resulting citronella essential oil variant
containing citronellol was further investigated for 'dark’
singlet oxygenation via disproportionation of H,O,
through the catalytic activity of Na,Mo0O,.2H,0O at room
temperature condition in presence of aqueous NaOH as
aco-catalyst. It was observed that while adding 30% H.,O,
to the reaction mixture (citronella essential oil variant,
Na,Mo0,.2H,0, ag. NaOH and isopropanol), the reaction
became pink and soon changed to dark brown in colour.

Table 1. Process scale up for in situ reduction of citronellal by NaBH,/aq. NaOH

Citronella essential Citronellal NaBHs 10% aq. NaOH Citronella oil variant

SN oil (g) (2 (2 (mL) (Yoyield)
1 1 0.38 0.05 2.5 0.91 (~91%)
2 10 3.81 0.50 25 8.97 (~90%)
3 50 19.05 2.50 100 43.5 (~89%)
4 100 38.10 5.00 200 87.8 (~88%)
5 200 76.20 10.0 300 175.0 (~88%)
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Table 2. Process for in situ conversion of citronellol to rose-oxide

After 4h under stirring at room temperature, the reaction
mixture turned to colourless which was taken as
indication for complete peroxidation. Accordingly,
citronellol enriched citronella oil (260 g) was chemically
processed for chemical peroxidation for 4h at room
temperature in presence of Na,Mo0,.2H,0/NaOH as
catalyst, process scale up summarized in Table 2. After
time elapsed, the reaction mixture was quenched and
extracted with diethyl ether. The organic phase was
stirred with 25% solution of H,SO, for 1h at room
temperature. After usual workup with brine solution and
washing with cold water, organic phase was
concentrated to afford a selectively transformed
citronella oil (185 g, ~70 yield) enriched with a mixture of
cis/trans-rose oxide.

The resulting rose oxide value added citronella oil was
further processed to hydro-distillation for recovery of pure
cis/trans- rose oxide. Accordingly, a RB flask (3 Litre)
equipped with Clevenger apparatus was loaded with rose
oxide value added citronella oil (185 g) and water (1.5
Litre). The RB flask was heated at 70-80 °C for 3h and the
product recovered as oil over water. The product was
collected, dried with anhydrous sodium sulphate and
stored in areagent bottle under cooling condition (Fig. 1).

Compositional comparison of rose oxide value
added citronella oil with native citronella oil,
citronella oil variant, and rose scented geranium
essential oil

The compositional comparison of the rose oxide value
added citronella oil with native citronella oil, citronella oil
variant, and rose scented geranium essential oil using
GC-MS method (Table 3) demonstrated the presence of

Figure 1. Recovery of cis/trans-rose oxide from value added citronella oil
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cis-rose oxide (28.23%), trans-rose oxide (7.67%),
citronellyl 1,6-diol (41.7%) as major constituents while
linalool, p-menthone, citronellol and geraniol as minor
volatiles.

The value added citronella oil, citronella oil variant,
native citronella oil, and rose-scented geranium essential
oil were analysed on a column HP-5MS (0.25x30m), film
thickness 1.0um; helium at flow of 1.0 ml/min was used as
a carrier gas. Oven temperature gradient is performed
from 60 °C to 210 °C at 3 °C/min ramp rate and 1 min hold
time at 210 °C; then 210 °C to 280 °C at 20 °C/min ramp
rate with 5 min hold time at 280 °C. Samples were injected
with 1uL and split ratio 1:20 inlet temperature at 250 °C
with mass spectra obtained under condition of mass
range from 50 amu to 400 amu with electron impact
ionization energy at 70 eV and source temperature of 280
°C and mass transfer line temperature of 280 °C.

Salient Achievements

» Production of rose oxide in high purity from low value
citronella oil.

» Development of commercial products e.g. hand
wash, body wash, room freshener, liquid & gel
sanitizers etc.

A 02: Studies on potential of natural garlic
essential oil as a potential inhibitor of ACE 2
protein and the main protease PDB6LU7 of
SARS-CoV2

Garlic (Allium sativum L.), a common spice for Indian
family meals has been considered significant in folk-
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Constituents Rose-scented Native Citronella oil Value added
Geranium Citronella variant Citronella essential
essential oil (%) | essential oil (%) oil (%)
Limonene 2.83 2.56 1.44 -
Limonene oxide - - - -
Linalool 9.41 1.56 2.5 0.12
cis-Rose oxide 1.62 - - 49.34
trans-Rose oxide 0.62 - - 691
Citronellal 0.37 35.6 0.56 -
p-Menthone 1.29 - - 1.1
Citronellol 22.68 12.46 40.0 -
Geraniol 14.34 22.36 20.0 1.87
Citronellyl 6.06 2.81 1.8 -
formate
Geranyl acetate 2.81 2.1 -
Citronellyl diol - - 41.7
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Table 3. Volatiles present in native citronella oil, citronella oil variant, value added citronella oil and rose- scented geranium oil

Constituents Rose-scented Native Citronella oil Value added
Geranium Citronella variant Citronella essential
essential oil (%) | essential oil (%) oil (%)
Limonene 2.83 2.56 1.44 -
Limonene oxide - - - -
Linalool 9.41 1.56 2.5 0.12
cis-Rose oxide 1.62 - - 49.34
trans-Rose oxide 0.62 - - 691
Citronellal 0.37 35.6 0.56 -
p-Menthone 1.29 - - 1.1
Citronellol 22.68 12.46 40.0 -
Geraniol 14.34 22.36 20.0 1.87
Citronellyl 6.06 2.81 1.8 -
formate
Geranyl acetate - 2.81 2.1 -
Citronellyl diol - - - 41.7

medicine prescriptions against common colds, influenza,
and other kinds of infections. The essential oil of garlic is
known to possess numerous organosulfur compounds
exhibiting strong antioxidant, antibacterial, antifungal,
anticancer, and antimicrobial properties. The oil is also
proven to be conducive to hypoglycemia, hypotension,
antithrombotic, immunomodulatory, and prebiotic
therapy. Besides, allicin is a typical reactive sulfur species
found in the garlic essential oil.

The recent outbreak of coronavirus disease (COVID-
19) caused by SARS-CoV-2 infection in Wuhan, China
has posed a serious threat to global public health. The
World Health Organization (WHO) has designated the
ongoing pandemic of novel COVID-19 a Public Health
Emergency of International Concern. Therefore,
development of natural and safe medicines to prevent
coronavirus is of surging interest for all scientists around
the world. With abundant medicinal resources in India
and the specific medicinal properties of garlic, we under
took the work of garlic essential oil production and it's in
vitro activity against SARS-CoV-2.

In fact, the coronaviruses are a large family of viruses
that usually cause mild to moderate upper-respiratory
tract ilinesses, like the common cold. However, the three
new coronaviruses: Middle East respiratory syndrome
(MERS), severe acute respiratory syndrome (SARS), and
lately SARS-CoV-2 are the more severe symptoms
caused by the coronavirus family. SARS-CoV-2 is a new
strain that has been unprecedentedly found in humans.
Angiotensin-converting enzyme 2 (ACE2) is an integral
membrane glycoprotein that is known for the highest
expression in most tissues such as kidneys, endothelium,
lungs, and heart. The ACE2 protein is the same functional
host-cell receptor shared by SARS-CoV-2 and SARS.
Therefore, besides inhibiting SARS-CoV-2, the inhibition
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of the ACE2 protein is absolutely necessary to reduce the
operability of the host receptor of SARS-CoV-2. Hence,
coronavirus may be prevented from spread or treated by
inhibiting ACE2 protein. A recent docking study has also
shown that the high organosulfur compounds in garlic
essential oil inhibit the ACE2 protein, force the virus to
lose the host receptor and attacking the PDB6LU7 protein
the main protease of SARS-CoV-2 at the same time. This
prevents protein maturation of the virus and the spread of
infection.

Research Progress
Extraction of garlic essential oil from garlic cloves

Peeled garlic cloves (1.0 Kg) where minced and loaded to
a RB flask (5 L) containing RO water (2 L). The RB flask
was equipped with Clevenger apparatus and heated to
90-100 °C for 1.5 h. The garlic essential oil (1.3 g) was
collected in a sterilized vial. The essential oil was dried
over anhydrous Na,SO, and stored at 4 °C for further use.
The process for extraction of essential oil was repeated
three times to check the repeatability of the procedure.
The refractive index, viscosity and optical rotation of
essential oils was determined.

Detection of volatiles in garlic essential oil

The volatile content of the garlic essential oil was
validated using GC-MS analysis (Fig. 2) which
demonstrated the presence of diallyl disulphide and allyl
trisulphide as the manor constituent while diallyl sulphide,
1,3-dithiane, hydroperoxide-1,4-dioxane-2-yl, butylated
hydroxy toluene as minor constituents (Table 4).
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Volatile constituents Garlic essential oil (%)
Diallyl sulphide 2.79
1,3-Dithiane 2.43
Diallyl disulphide 44.39
Hydroperoxide-1,4-dioxane-2-yl 5.93
Allyl trisulphide 42.31
Butylated hyroxy toluene 2.14
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Table 4. Volatile constituents of garlic essential oil

Volatile constituents Garlic essential oil (%)
Diallyl sulphide 2.79
1,3-Dithiane 2.43
Diallyl disulphide 44.39
Hydroperoxide-1,4-dioxane-2-yl 5.93
Allyl trisulphide 42.31
Butylated hyroxy toluene 2.14

GC-MS method is stated as: A column HP-5MS
(0.25x30m), film thickness, 1.0 um; helium at flow rate of
1.0 ml/min was used as a carrier gas. Oven temperature
gradient was performed from 60 °C to 210 °C at 3 °C/min
ramp rate and 1 min hold time at 210 °C; then 210 °C to
280 °C at 20 °C/min ramp rate with 5 min hold time at 280
°C. Samples were injected with 1 uL with split ratio of 1:20
and inlet temperature at 250 °C. Mass spectra were
scanned from 50 amu to 400 amu mass range with
electron impact ionization energy at 70 eV and source
temperature of 280 °C and mass transfer line temperature
of280°C.

Salient Achievements

» Garlic essential oil was extracted from garlic cloves
through hydro-distillation method.

» Volatile composition of garlic essential oil was
established by GC-MS.

A 03: Process for production of water soluble
curcumin/curcuminoids and production of
curcumin rich whey protein powder
therefrom

The yellow coloured pigments known as curcuminoids
(curcumin, demethoxycurcumin, and

Figure 2. GC-MS chromatogram of garlic essential oil
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bisdemethoxycurcumin) occur naturally in Turmeric
(Curcuma longa). The most active lipophilic polyphenol
substance called 'curcumin,' is known to have a diverse
range of biological activities, for example, antioxidant,
anti-inflammatory, and anticancer effects. However, the
extremely poor water solubility (~ 0.4 to 0.6 pg/mL in
water, ~ 0.0005% agueous solubility) and wettability of
curcumin leads to its poor dissolution in aqueous
solutions and hence, displays poor bioavailability which
restricts its pervasive applications in the development of
curcumin based nutraceutical and functional food
products.

Therefore, we envisioned exploring the feasibility of
utilizing the health benefits of curcumin by developing a
method to increase its water solubility 10%-15% w/v in
aqueous medium to enable its efficient dissolution in
liquid whey, wherefrom, curcumin fortified whey protein
powder is recovered as product for use in nutraceutical
and functional foods.

Research Progress

Production of water soluble curcumin /
curcuminoids

Charge a completely dried beaker or pot with sodium salt
of ascorbyl palmitate (0.25 g) and polyvinylpyrrolidone
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Figure 3. UPLC chromatogram of standard curcuminoids (St-C) and water soluble curcuminoids (WC)

(6.0 g) in presence of absolute ethanol (99.9 %, 50 mL).
The reaction mixture is set on stirring at room temperature
for 1h. After time elapse, curcumin (1.0 g) is added to
reaction mixture followed by a continuous stirring for 12h
at ambient temperature. The reaction mixture is filtered
and concentrated under reduced pressure to afford a
gummy residue (9.0 g) which is further dissolve in
deionized water (500 ml) and subjected to spray drying to
afford a water soluble curcumin powder (2.0 Q).

Curcuminoids (Fig. 3) such as curcumin,
demethoxycurcumin and bisdemethoxy curcumin in the
product is quantified by UPLC (Waters) using their
corresponding analytical standards procured from
Sigma Aldrich (MERCK) under chromatographic
conditions stated as: C18 (4.6x100) mm with particle size
5um, mobile phase 40% acetonitrile and 60% deionized
water containing 0.1% CH,COOH, flow rate of 0.7 mL per
min, column temperature 30°C, detection using PDA at
wavelength 425 nm, run time of 30 min.

Production of curcumin/curcuminoids rich whey
protein powder

Water soluble curcumin/curcuminoids powder (2.0 @) is
dissolved in liquid whey (1.0 L) in a beaker under stirring
condition to afford a yellow colored solution. Filtration
gives a clear transparent solution which is subjected
spray drying at 140-160° C and 1.0 flow rate to obtain
yellowish powder (18 g). UPLC analysis established the
presence of a mixture of curcuminoids (96 mg, 0.5%
curcumin; 16.5 mg, 0.08% demethoxycurcumin; 2 mg,
0.009% bisdemethoxycurcumin) along with lactose (4.8
g, ~26%) inthe resulting whey protein powder (Fig. 4).

Curcuminoids such as curcumin, demethoxycurcumin
and bisdemethoxy curcumin in the product is quantified
by UPLC (Waters) using their corresponding analytical
standards procured from Sigma Aldrich (MERCK) under
chromatographic conditions stated as: C18 (4.6x100)
mm with particle size 5 um, mobile phase 40% acetonitrile
and 60% deionized water containing 0.1% CH,COOH,
flow rate of 0.7 mL per min, column temperature 30 °C,
detection using PDA at wavelength 425 nm, run time of 30
min.

0 OH
0.006 Hjco\[,».‘ I 0 /ﬂ\f;l\_l/,f\[/.;\ _OCH;
0081 T P
HO = = OH ‘VC
i O OH o OH
30'004 O = FNF O HyCO =y /\\.\/u\ /:J\/;\ ey - WPP
=< > = ~Z = >
HO OH 0 ~F T‘\J/I\OH
0.002
0.0007
TrToT D o B L e e e e e L
0.00 200 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 2200 24.00 26.00 28.00 30.0
Minutes

Figure 4. UPLC chromatogram of water soluble curcuminoids (WC) and curcuminoids rich whey protein powder (WPP)
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Salient Achievements

» A process for production of water soluble
curcumin/curcuminoids.

» A process for production of curcumin/curcuminoids
rich whey protein powder.

A 04: Valorisation of primary processing
wastes for high value edible products

Poor diets driven malnutrition constitute the number-one
driver of the global burden of disease. One strategy to
decrease malnutrition by the upgrading of
supplementary foods from alternative sources like food
processing by-products, which consists of
carbohydrates, proteins, lipids, and minerals, which can
be converted to different value-added products.

Development of high fiber, high protein, rich in
minerals by incorporating protein and minerals sources
from agri-food industry waste/by products like corn
gluten meal, whey and fiber source from food industry by-
products like kinnow pulp residue, apple pomace, corn
fiber ect. Revitalizing can hold a significance for the
control of malnutrition among children and metabolic
disorders among adults. Also it would be acceptable to
most marketers and consumers as it would be cost
effective and high on nutritional value.

Nutrient rich food processing by-products is around
1.3 billion tons is being wasted world widely. Whereas,
food processing industry also faces issues of treatment
and dumping of theses by-products. So there is a
problem of wastage of nutrient rich food products as well
as heavy load on effluent treatment facility and waste
management system in the food processing industry.

Other valuable food grade chemical can have
produced from agricultural residues like xylitol, Xylitol is a
natural sweetener, and safe for diabetics to consume due
to its low glycemic index. Xylitol has proven health
benefits such as its prebiotic property, thus has the ability
to promote gut health, and also prevent tooth decay.
Valorisation of agri-food residues for valuable edible
products not only an effective utilization of agro-industrial
wastes, but also a way to produce a nutritionally rich and
valuable edible product to overcome the deficiency of
nutrition and the diseases occurrence due to them.

Development of protein supplement and nano-
nutraceuticals from corn gluten meal

Nutraceuticals are food substances with extra medical or
health benefits. Nowadays, there is a growing need to
incorporate healthy functional foods /dietary
supplements to improve health stature and prevent
diseases. The corn gluten meal is generally used as an
animal feed and its scope in human food use is limited
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because of its unpleasant aroma, taste and lower lysine
and high methionine content. Valorization of maize gluten
meal by transforming it into value-added products or corn
protein hydrolysate that can used as supplement of
protein source in food product for numerous food
applications. Corn gluten meal comprises the isolation of
the different valuable constituents or fortification in pet
food, no product in the market is available till date as
protein supplement source as maize gluten hydrolysate
for human consumption. However, it is safe to use in a
food product. There were significant studies has been
done on the extraction of xanthophylls and zein. The
complete utilization of corn gluten meal was not reported
due to its off odour and low solubility in water. Enzymatic
hydrolysis has been used to favourably modify the
functional properties of proteins, such that the
hydrolysates could be incorporated into foods for their
flavour, functional and nutritional value. Other than
enzymatic treatment, the nanotechnology was also
applied for enhancing the value of corn gluten meal by
preparation of protein nanocarriers, as they possess
several benefits like non-toxic, easily metabolizable and
good biocompatibility. The ease for surface modification,
specific targeting and economical cost of production
makes them an excellent choice for nutraceutical delivery.
The protein composition of CGM makes it the right
applicant for protein nanocarrier synthesis. It contains
mainly zein (68%) and glutelins (28 %). It is rich in non-
polar amino acids - leucine, proline, alanine,
phenylalanine and deficient in lysine and tryptophan. The
abundance of hydrophobic proteins protects
encapsulated compounds, improving their
physiochemical stability. Thus, Corn gluten meal can be
used as an economical source for generation of
nanocarriers for improving nutraceutical stability. This
could also resolve the problem of protein shortage
worldwide caused by increasing population growth and
improving economies.

Research progress

Corn protein hydrolysate by enzymatic hydrolyses
from corn gluten meal

The focus of this study was on the preparation of protein
hydrolysate from corn gluten meal. Production of amino
acids by chemical agents through acid hydrolysis harms
the environment in the long term. So, this study emphasis
was on the enzymatic hydrolysis method of making
protein hydrolysate from corn gluten meal as it is a better
option due to milder process condition, higher specificity,
and easier control of the reaction and minimal production
of the by-products.
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Figure 5. Digestibility and Amino acid profiling of protein hydrolysate of corn gluten meal at optimum conditions (Temp: 55 °C, pH-10,

Time: 30 h, enzyme loading: 300U/g)

Corn gluten meal is deficient in lysine and to balance it
other sources of food processing by-products were
incorporated. Many proteolytic enzymes have been used
for making protein hydrolysate, but an imbalanced amino
acid composition of corn gluten meal makes it
challenging, due to that it is not much explored as a food
additive. Different proteolytic enzymes were screened for
corn protein hydrolysis to balance the amino acid
composition. The 60% of corn gluten meal was digested
by protease enzyme from Aspergillus oryzae as shown in
Table 5.

Another major constraint was off-odour in corn
gluten meal, which was done by treated with a green
solvent and the suitable ratio for deodorising was 1:10 of
sample: solvent (25%) with 3 h overhead stirring at 1000
rom. Further, the mixture was decanted, and the water
washed thrice for complete removal of solvent. The
obtained residue was dried at 55°C for overnight. The
green solvent was recovered and reused from the

supernatant by rotavapor. The obtained deodorised
residue of CGM was additionally hydrolysed by protease
enzyme and standardized to maintain the proper amino
acid profiling in protein hydrolysate along with
enhancement in its absorption and lysine content. It was
observed that the lysine content was enhanced to 3.9 %
at 30 h of digestion, along with balanced amino acid as
shown in Fig. 5. Further this can be incorporated into
various food products as a source of protein.

A membrane filteration was used for purification of
corn protein hydrolysate containing 57.5 g of protein in
mixture by ultra-filtration (100 kda). The peptides size
range was observed within 35 to 50 kda range in
permeate after passing through the 100 kda. So, for more
confirmation of the peptide size the permeate and
retentate need to be sequenced. The flow diagram of
complete process is shown in Fig. 6. Whereas, mass
balance of whole process as is represented in table 1 in
consideration of inlet and outlet mass.

Figure 6. Flow diagram of process of preparation of corn gluten meal hydrolysate
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Table 5. Mass balancing of process for preparation of corn gluten meal hydrolysate

Process  Initial Odour Enzymatic hydrolysis Membrane Filtration Lyophilized
Feed removal (10Kda)
Mass Insoluble Soluble Retentate: Permeate:
100g 9lg Residue: Residue: 48.2g 8.54¢g 40.65g
32.4g 575¢g

The corn gluten meal hydrolysate after purification was
dried by two methods one is the lyophilisation and
second is spray drier. Further the lyophilized protein
hydrolysate (LH), spray dried protein hydrolysate (SH)
and commercial whey protein hydrolysate (CH) were
compared at different pH 2.0, 4.0, 6.0, 8.0 and 10.0 under
room temperature to analyse the changes in its
physiochemical and functional characteristics for quality
improvement of corn protein hydrolysates, so widen up
its potential in food industries. As the functional
properties of proteins affect consumer acceptance. The
present study evaluated the foaming properties,
emulsifying properties, zeta potential, antioxidant
properties and rheological properties.
Surface charge is an important characteristic of
proteins, determining their functional properties The
surface net charge of hydrolysates at various pH values
was evaluated by zeta potential analysis, as shown in Fig.
7a The zeta potential of hydrolysates at pH 2 to 10 was
observed in the range of 1.25 mV to -28.1 mV for
lyophilised protein hydrolysate and 2.4 mVto-16.4 mV for
spray dried protein hydrolysates. According to the
zeta—potential values, all the hydrolysates were
negatively charged, allowing the particles to stay apart for
avoiding the formation of aggregates. The corn protein
hydrolysates show more negative charges as the pH
decreases from 8 to 2. This is consistent with the fact that,
the electrostatic repulsion pattern may be gradually
changed from negatively charged to positively charged

proteins as a result of gradual protonation of carboxyl
groups and amino groups of the proteins.

The foaming capacity was calculated as the %
volume increase after stirring over the initial volume. The
stability of the formed foam was obtained by standing (20
min) of the dispersion at room temperature at 25 °C and
calculated as follows:

Percentage of foaming Capacity (FC) = % X 100

where A is the volume after shaking (mL) and B is the
volume before shaking (mL). The foaming capacity of
corn protein hydrolysates was observed in range 9.8 % to
31.4 %, as shown in Fig. 7b. Whereas, the highest
foaming was observed in lyophilised protein hydrolysate
31.4 % at pH 8. The highest and lowest forming capacities
of all samples were observed at pH 8 and pH 4.0,
respectively, indicating that the foaming properties were
significantly influenced by pH. It was also observed that
the net charge influence the adsorption of protein at the
air-water interface. When the net charge was increased,
the foaming property was also increased. Thus, the
foaming capacity of protein improves the sensory
properties of food, including the appearance and texture.
Proteins with high foaming capabilities are used as
foaming agents in the manufacture of food products and
affect the texture and volume of bakery food product.

The emulsion behaviour of lyophilised protein
hydrolysate (LH), spray dried protein hydrolysate (SH)

Figure 7. (a) Zeta potential of lyophilized protein hydrolysate (LH), spray dried protein hydrolysate (SH) and whey protein hydrolysate
(CH) at pH 2-10. (b) Foaming capacity of lyophilised protein hydrolysate (LH), spray dried protein hydrolysate (SH) and commercial

whey protein hydrolysate (CH) at different pH.
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Figure 8. Zeta potential of lyophilized protein hydrolysate emulsion (LHE), spray dried protein hydrolysate emulsion (SHE) and whey

protein hydrolysate emulsion (CHE) at pH 2-10.

and commercial whey protein hydrolysate (CH) at
different pH was analysed and change in the Zeta
potential of emulsions at various pH was examined. It was
detected that the zeta potential of lyophilised protein
hydrolysate emulsion was observed to be more
negatively charged (-37.54) than whey protein
hydrolysate (-32.5) at pH 10 as shown in Fig. 8. Emulsion
stability depends on the strength of interaction between
the droplets, which is determined by their surface charge.
When this charge is higher than -30 mV, the oil droplets
are prevented from aggregating due to electrostatic
repulsion between them thus, indicating that the peptides
were able to adsorb onto the entire oil droplet surface
during emulsion formation. The increase in the absolute
values of the zeta potential and consequently the
improvement in emulsion stability may be due to the
exposure of hydrophobic segments buried in the interior
of the native protein molecules after protein hydrolysis.

The rheological behaviour and apparent viscosity of
emulsions were determined because they can affect the
mean and distribution of oil droplet size, and kinetic
stability of an emulsion. The rheological properties were

determined using a Kinexus Pro Rheometer with a cone
(40 mm diameter, 4° angle) and plate geometry, 25 Im
gap, and over a shear rate of 0.1-200 s-1. All emulsions
exhibited shear-thinning behaviour with the flow
behaviour index thus can be as shown in Fig. 9a. This
might be probably because of the non-Newtonian
(pseudoplastic) behavior of the continuous phase. The
viscosity of lyophilised protein hydrolysate emulsion was
significantly higher than whey protein hydrolysate
emulsion as shown in Fig. 9b. The high viscosity of
lyophilized protein hydrolysate emulsion could be more
effective for stability than steric and electronic repulsions.

DPPH radical scavenging activity of corn gluten meal
hydrolysate was studied. The antioxidant activities of
hydrolysates are influenced by their amino acid
sequence, which depends on the protease specificity.
The results clearly indicated that the hydrolysates
obtained by treatment with alkaline protease exhibited
the highest DPPH radical-scavenging activity (82.5 =
0.67%). Thus, protein hydrolysate can be used in food
industry as supplement to fight against free radicals and,
therefore, avoid or reduce oxidative stress.

Figure 9. (a) Rheological properties of emulsions stabilised by lyophilized protein hydrolysate (LH), spray dried protein hydrolysate (SH)
and whey protein hydrolysate. (b) Viscosity as a function of shear rate for the emulsions stabilised by lyophilized protein hydrolysate

(LH), spray dried protein hydrolysate (SH) and whey protein hydrolysate.
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Figure 10. (a) Solubility of protein at different concentration of solvent. (b) Protein content at a different wavelength in a different

concentration of solvent fraction.

Nanocarriers development from corn gluten meal
for nano-nutraceuticals

To maximize the production of protein rich soluble fraction
from corn gluten meal and control nanoparticle
characterization. The use of corrosive chemicals
damages and reduces the protein content. Also, long and
multi-steps add to the cost of production. Thus, a single
step process was developed for the isolation of protein
rich fragment by using food grade solvent and reducing
agent. This fragment was as such directly used for the
nanoparticle synthesis saving the cost of protein
purification as well.

Different combinations of solvents and reducing
agents were analysed to isolate maximum protein
fraction. The method of was used with modifications for
isolation of corn proteins. Corn gluten meal was treated
with ethanol[ 1: 20(w/v)] and reducing agent [10: 1(w/w)]
at 1500 rpm at room temperature for 3 hours. Whereas, it
was observed that above than 60 % (w/v) solvent
solutions were giving the maximum soluble protein
fraction. Further, sequential double extraction was done
to extract the remaining protein in the precipitate and 70
% (w/v) solvent was found to extract maximum protein
(49% w/v) as shown in Fig. 10a&b.Following extraction,
the corn protein containing solvent was directly used for
the synthesis of corn gluten meal (CGM) nanoparticles by

using antisolvent method. Antisolvent precipitation
method was applied due to its simple and cost-effective
environment friendly nature. Solvent containing protein
using injector was directly added to antisolvent solution
being stirred at 500 rpm at room temperature. Size and
surface charge of nanoparticles govern their intrinsic
properties. Smaller size ensures larger contact area and a
higher charge ensures stability preventing the particles
from agglomeration and precipitation. Thus, particle size
and zeta potential (surface charge) were characterized in
each case.

The order and ratio of antisolvent to solvent affects
the particle size and polydispersity index of nanoparticles
formed. The pH of the antisolvent affects the size and
aggregation of nanoparticles formed. A very high or very
low pH tends to aggregate the particles. Also, pH plays
an important role in the exposure of side groups. So, the
effect of solvent: antisolvent ratio and pH on the formation
of nanoparticles were studied. It was observation that
ratio of solvent: antisoventwas 1: 10 shows the lower size
and high zeta-potential and at pH 7 also effective for
same as shown in Fig.11a&b. To conclude, the
nanoparticles of size around 130 nm and zeta potential of
-50 mV were prepared using the antisolvent precipitation
method. The negative charge of nanoparticles signifies
high content of glutamic acid and aspartic acid in corn
gluten meal.

Figure 11. Effect of solvent: anti-solvent ratio and pH on size of nanoparticles
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Figure 12. Synthesis of nanoparticles from CGM via
antisolvent precipitation method: before and after

The pictorial view of formed nanoparticles from corn
gluten mealis showninFig. 12.

Salient Achievements

» Developed a process for the removal of unpleasant
odour and taste of corn gluten meal.

» Screened the efficient proteolytic enzymes for
preparation of corn gluten meal.

» The peptide length of purified protein hydrolysate was
37 kdaand protein content was 48.2%.

» The antioxidant activity was found to be 82.56% in
corn protein hydrolysate.

» Corn protein hydrolysates contain potential bioactive
properties that could be utilized in the application of
functional foods and nutraceuticals.

» Synthesized a smaller size nanoparticle using
antisolvent method and optimization of solvent: anti-
solventratioand pH.

A 05: Chemo-enzymatic processing of
kinnow juice industry waste for value added
nutritional products

“Kinnow,” is hybrid between a king and willow mandarins.
Its annual production in India is 10.48 million tonnes
(ICAR-NRCC, 2015). Kinnow pomace majorly containing
peel and pulp are the major by-products of the kinnow
juice processing industry which is half of whole fruit. The

kinnow pomace is rich in dietary fibre. In general,
nutritionists recommend a diet high in fiber (20-35 g
fiber/day, or 10-13 g/1,000 kilocalories). Kinnow fiber can
fulfil the daily need of fiber in food. Kinnow pulp residue
which is left after kinnow juice clarification in kinnow juice
industry can be converted to high-value products, viz.,
rich in oligosaccharides product to serve a variety of
purposes in food and pharma or can be utilized as dietary
supplements for school children, elderly people, women,
etc.

The main problems of the kinnow juice industry
waste is its storage as it rapidly deteriorates due to the
high moisture and sugar content which assist in high
growth of moulds and yeast. The other formidable
problems are its bitterness and delayed bitterness,
thereby affecting its consumer acceptability. One of the
ways to develop effective methods for the preservation
and use of citrus pulp could be to convert it to a product
rich in oligosaccharides with antioxidants and then to dry
the nutrient formulation.

Research Process

Processing of kinnow mandarin fruits for juice production
yields a significant amount of by-products as waste which
is rich in mineral, antioxidants, Polyphenols and
limonoids. Major problem with kinnow juice processing
industry is bitterness and delayed bitterness which
affects consumer acceptability. This study has been
focused on the debittering of by-products like kinnow
pulp residue and kinnow pomace by using chemical,
enzymatic treatment approaches and their optimization
of process parameters. The solventogenesis method
was found to be more effective than other chemical
treatments. In enzymatic method, compound naringin,
responsible for bitterness in kinnow was converted into
non-bitter compound naringenin by using enzyme
naringinase. It was observed that the reduction
percentage of naringin was almost 66.58 % in pulp
residue and 73.09% in pomace respectively.

Table 6. Nutritional composition of vermicelli
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Sample Cooking Swelling Water absorption  Cooking loss (%)
time(min) Index Capacity (g/100g)
Control 1(Refined  11.15 1.04+0.12 73.5+0.5 15+0.14
flour)
Pulp residue (5%) 10.45 1.5+0.4 101£0.37 15.5+0.16
Pulp residue (10%) 10.03 1.8740.18 115.5+0.41 16.3+0.13
Pulp residue (15%) 9.34 2.06+0.24 153+0.36 18.5+0.08
Pulp residue (20%) 9.05 3.3340.13 160+0.38 20.3+0.14
Pomace (5%) 9.50 1.71+0.15 108+0.47 17.02+0.01
Pomace (10%) 9.14 2.66+0.18 127.5+0.43 18.05+0.03
Pomace (15%) 9.02 1.87+0.27 202.5+0.48 20.08+0.14
Pomace (20%) 8.45 3.16+0.35 212.5+0.43 22.64+0.12

Values are the Mean + SD of three replications; Values in different columns differ significantly (P<0.05); LSD, least significant

difference at P <0.05.

FHEATEE o ToMT STTER BIEe T Hael He-USITgHT ST T ST
ek fRam T | 3E Tt o fopeit T ST SuTedTe ol W viteer
HIUEET W USTEH AT 3T WA & a1 aer fomar T o
USTEH{ER IR o S1G STTTRd W7 FHAT: 81.45% 3R 58.95%
oy o ST 1R fohey oo EerT 21 7 qwrit & fof bt ST
TSR ok B AT SThfcreh WTe AT qT3et ok &9 H foha SiT deha 21
39 TR I Rl @ Seutai o forshme feeiee fobey s Se o6
ST TSI Shieh ST ST HehaT 2

THIZSE FE MeHeH T ferepre fesiee fopey aeq stammt 3fi
TTHE o Tl THE g TSR TR R | ST 3182 1 Eas sht oI & foTe
I 11 o ST H fohe] IR IU-ICTRT b1 [T Azt STt 7T |
Toiee Teq ARl ST UIHE T Ha3 o TIor Herel forsguor i
arferenT 6 7 femama R € | feeies forey we STaRINT 3R fesies fofmy.
I Sl TeRTIAT s | (5-20%) dek el Tt | fesee foreit ue
I HeelTHIE s H ol HIga hl TTAT 0.85 T TR 1.63% TF

iR feoed - ama aecitics Aas o 1.48 6 2.50% e TR T |

TS o HTATCHER 0T

15% TSsie Teq SFaRINT ST e qieh Has H =IHad @HT 9shi 1
THEM (18.5,20.0%) T T &, Ao 3=e i garehish (2.06,
1.87), STeT SAGYT &7HaT (153, 202 T8 / 100 TTH) 3T 38q0 GHT
T FHTEA (9.34,9.02 ) T T | v SRS 3 T T
TS o1 e S AT 6T gadt (10.0 3R 21.5) T Tawii 37
(16.7 3T 16.1) T, FRIT0T AT (6.1 3R 2.1) 31 Toram & sfere
oft, St fop arforent 7 # fewman T 21 g6eh STetTa oS s eAferHT,

foh=T I ST ST THE h ST o AT dg TS|

TS W faur

TooIee Teq AR ST TIHe o qieh W ST &9 H Fohrat 7R fom
o6 §U HaE T gaaT ST SITEAT Sl e Tor atferent § 7 e
B

AfeTeRT 8. fomT ook ST 7ok Targ % aTae o

Sample Hardness (N) Fracturability (N)
Uncooked samples

Control (refined flour) 6.106=0.4 2.165+0.38

Pulp residue (15%) 10.01£0.38 21.582+0.34
Pomace residuie (15%) 16.738+0.35 16.1284+0.38
Cooked samples

Control (refined flour) 1.927+0.4 0.744+0.4

Pulp residue (15%) 4.30+0.37 2.30+0.35
Pomace (15%) 7.18+0.38 1.894+0.38

Values are the Mean + SD of three replications; Values in different columns differ significantly (P<0.05); LSD, least significant

difference at P <0.05
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Table 7. Functional properties of vermicelli before and after cooking

Sample Cooking Swelling Water absorption  Cooking loss (%)
time(min) Index Capacity (g/100g)
Control 1(Refined  11.15 1.04+0.12 73.5+0.5 15+0.14
flour)
Pulp residue (5%) 10.45 1.5+0.4 101£0.37 15.5+0.16
Pulp residue (10%) 10.03 1.8740.18 115.5+0.41 16.3+0.13
Pulp residue (15%) 9.34 2.06+0.24 153+0.36 18.5+0.08
Pulp residue (20%) 9.05 3.3340.13 160+0.38 20.3+0.14
Pomace (5%) 9.50 1.71+0.15 108+0.47 17.02+0.01
Pomace (10%) 9.14 2.66+0.18 127.5+0.43 18.05+0.03
Pomace (15%) 9.02 1.87+0.27 202.5+0.48 20.08+0.14
Pomace (20%) 8.45 3.16+0.35 212.5+0.43 22.64+0.12

Values are the Mean + SD of three replications; Values in different columns differ significantly (P<0.05); LSD, least significant

difference at P <0.05.

Enhancement of dietary fiber without bitterness has been
studied by using co- enzymatic treatment. In this method
kinnow juice industry by-product was treated with
enzyme naringinase and protease at similar operational
parameters. It was analysed that post enzymatic
treatment crude fiber is 81.45% and 58.95 % in kinnow
pulp residue and kinnow pomace,respectively. This
remarkable enhancement represents that it can be used
as a source of fiber or as natural food ingredient powder.
Thus it functional food products can be developed using
debittered kinnow juice industry residues.

The food product developed by supplementation of
debittered kinnow pulp residue and pomace in extruded
products. In the present study different concentrations of
kinnow industry by-products were supplemented in
refined wheat flour for the preparation of vermicelli.
Nutritional analysis of debittered pulp residue and
pomace supplemented vermicelli has been shown in
Table 6. It has been found that with increase in
concentration of debittered kinnow pulp residue and
debittered kinnow pomace (5-20%) in vermicelli. The
crude fiber content varied from 0.85 to 1.63% in
debittered pulp residue containing vermicelli and from

1.48102.50% in debittered pomace containing vermicelli.
Functional properties of vermicelli

Vermicelli containing 15% debittered kinnow pulp residue
and pomace showed minimum cooking loss (18.5, 20.0
%) but higher swelling index (2.06, 1.87), water
absorption capacity (153, 202 g/100g) and optimal
cooking time (9.34, 9.02 min). Firmness and fracturability
of vermicelli supplemented debittered pulp residue (10.0
and 21.5) and pomace (16.7 and 16.1) was higher as
compared to control sample (6.1 and 2.1) respectively as
shownin Table 7. Further, redness, firmness, TPC, DPPH
activity and water absorption capacity of vermicelli got
increased with addition of debittered kinnow pulp residue
and pomace.

Textural analysis

Textural properties such as firmness and fracturability of
cooked and uncooked vermicelli as affected by
supplementation of debittered pulp residue and pomace
is shownin Table 8.

Table 8. Textural properties of un-cooked and cooked vermicelli

Sample Hardness (N) Fracturability (N)
Uncooked samples

Control (refined flour) 6.106=0.4 2.165+0.38

Pulp residue (15%) 10.01£0.38 21.582+0.34
Pomace residuie (15%) 16.738+0.35 16.1284+0.38
Cooked samples

Control (refined flour) 1.927+0.4 0.744+0.4

Pulp residue (15%) 4.30+0.37 2.30+0.35
Pomace (15%) 7.18+0.38 1.894+0.38

Values are the Mean + SD of three replications; Values in different columns differ significantly (P<0.05); LSD, least significant

difference at P <0.05
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Sample L* a* b*
Un-cooked samples

Control (Refined flour) 41.14+1.39 1.34+1.01 13.49+0.67
Pulp residue (15%,) 31.65+1.31 3.79+1.03 25.07+0.34
Pomace (15%) 21.65+1.28 9+0.99 27.19+0.32
Cooked samples

Control (Refined flour) 39.91+£1.32 0.24+0.76 11.07+0.56
Pulp residue (15%) 43.28+1.35 2.46+0.65 24.05+0.41
Pomace (15%) 38.57+1.21 4.67+0.47 23.52+0.23

Values are the Mean + SD of three replications; Values in different columns differ significantly (P<0.05); LSD, least significant

difference at P <0.05.
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The results indicated that both hardness and fracturability
increased with the addition of debittered pulp residue
(10.01 and 21.582) and pomace (16.738 and 16.128) as
compared to control sample (6.106 and 2.165). Firmness
and fracturability of debittered pomace supplemented
vermicelli was higher as compared to debittered pulp
residue supplemented vermicelli.

Colour measurements of vermicelli

Cooked vermicelli supplemented with debittered kinnow
by-products showed no significant difference in L*
values. It has been observed that L* values were 43.28,
38.57 in debittered pulp residue and pomace
supplemented vermicelli and 39.91 in un-supplemented
cooked vermicelli, whereas a* value was higher (2.46 and
4.67) in debittered pulp residue and pomace
supplemented vermicelli than un-supplemented cooked
vermicelli (0.24). However, b* value of cooked pulp
residue and pomace supplemented vermicelli was
almost similar (24.05, 23.52) but higher than un-
supplemented cooked vermicelli (11.07) as shown in
Table 9. The yellow colour of prepared vermicelli can be
the desirable attribute of the product for its consumer
acceptance. In previous studies on egg pasta produced
from oat, teff and wheat flour, dietary fiber enriched
extruded products were darker as compared to the
control sample. It was observed that vermicelli having
15% substitution of debittered kinnow pulp residue and
pomace in refined flour showed minimum cooking loss,
high L*, a*, b* values in case of cooked samples,
maximum water absorption capacity and optimal
cookingtime.

The developed vermicelli which is prepared with the
incorporation of debittered pulp residue and pomace
(15%concentration) was rich in fiber, phytochemicals and
antioxidants as compared to control sample. It was
observed that the addition of debittered kinnow pulp
residue and pomace led to enhancement in total dietary
fiber, TPC, DPPH activity, decrease the cooking time,

increase swelling capacity and water absorption capacity
and minimum cooking loss. The debittered kinnow pulp
and pomace residue enriched vermicelli has appealing
orangecolour as compared to the control samples. Thus,
the supplementation of debittered kinnow pulp and
pomace in vermicelli can provide dual benefits, i.e.
production of fiber rich food products as well as value
addition of kinnow processing byproducts which
otherwise are major concern to the environment.

Salient Achievements

» The developed vermicelli with 15%debittered kinnow
pulp residue and pomace revealed minimum cooking
loss (18.5, 20.0 %) but higher swelling index (2.06,
1.87) along with water absorption capacity (153, 202
g/100g) and optimal cooking time (9.34, 9.02 min).

» The prepared vermicelli's rich in fiber, phytochemicals
and antioxidants.

A 06: Efficient process development for
xylitol production from agricultural residues
(rice straw)

Xylitol has proven health benefits such as its prebiotic
property, thus has the ability to promote gut health, and
also prevent tooth decay. It can be produced by chemical
and biological processes on a commercial scale. Therice
straw is abundantly available biomass and can be
pretreated to hydrolyze the hemicellulosic component.
Production of xylitol from natural xylose (hydrolysate)
obtained from lignocellulosic materials and by microbial
fermentation is considered an economical method.
Xylitol can be produced using various yeasts, such as P.
stipitis, C. tropicalis, C. guilliermondli, D. hansenii and K.
marxianus. The hydrolysate obtained from lignocellulosic
biomass contains toxic compounds which inhibit the
growth and activity of yeast.

Table 9. Colour measurements of vermicelli before and after cooking

Sample L* a* b*
Un-cooked samples

Control (Refined flour) 41.14+1.39 1.34+1.01 13.49+0.67
Pulp residue (15%,) 31.65+1.31 3.79+1.03 25.07+0.34
Pomace (15%) 21.65+1.28 9+0.99 27.19+0.32
Cooked samples

Control (Refined flour) 39.91+£1.32 0.24+0.76 11.07+0.56
Pulp residue (15%) 43.28+1.35 2.46+0.65 24.05+0.41
Pomace (15%) 38.57+1.21 4.67+0.47 23.52+0.23

Values are the Mean + SD of three replications; Values in different columns differ significantly (P<0.05); LSD, least significant

difference at P <0.05.
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Figure 13. shows A. xylose concentration (9.59 g/L) in hydrolysate upon high pressure steam pretreatment, B. xylose concentration (8.8
g/L) in hydrolysate upon neutralization with Ba(OH), along with a decrease in ionic impurities.

Ideally, a pretreatment method ought to present a low
cost, efficient delignification of different lignocellulosic
materials, minimum cellulose degradation and non-
significant production of toxins like furfural, 5-
hydroxymethylfurfural (HMF) and acetic acid.

Research Progress

The focus of this study was on the process development
for pretreatment of rice straw for obtaining xylose rich
hydrolysate followed by its microbial fermentation to
produce xylitol. Soils from five different sites were
selected and obtained viz., garden soil, wheat straw field
waste, rice straw field waste, sugarcane waste and fruit
waste. The cultures isolated from these sites were further

tested and optimized for maximum xylitol production from
rice straw, as for xylitol production from lignocellulose
biomass need to pretreated before fermentation.
Pretreatment, dilute acid pretreatment is the most
feasible hydrolysis method for sugar extraction due to its
potential to solubilise the hemicellulose component with
greater efficiency as compared to cellulose. For
pretreatment, the rice straw was primarily collected from
private farms in Mohali, India. The biomass was washed,
air-dried and chopped into two sizes viz., (190 um-200
um) and (=2mm or =6 mm) with a ball miller and
shredder respectively to be used as the raw material. The
rice straw material was treated with 1% v/v different acids
(phosphoric acid, nitric acid, sulphuric acid and

Figure 14. Different strategies were adopted to screen maximum xylitol producing strain from xylose in the form of lignocellulosic
hydrolysate; a. isolates from different samples and HPLC chromatogram of selected isolate showing xylitol production.
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Figure 15. Effect of presoaking and size on the production of hemicellulosic sugars i.e. glucose, xylose and arabinose upon steam

pretreatment followed by neutralization.

hydrochloric acid) at 121°C for 60 min. Among different
acids sulphuric acid was selected for pretreatment of rice
straw among different acids (data not shown here), due to
some advantages it offered as compared to other acids
such as formation of insoluble salt, low corrosivity and
efficiency. 10 g rice straw was taken in 100 ml 1.5% v/v
H,SO, in 1:10 ratio (dry biomass: dilute acid conc.) to
achieve 8.8 g/l xylose upon neutralization with Ba(OH),
accompanied with the formation of insoluble barium
sulphate (Fig. 13). The precipitates formed during
neutralization were removed by centrifugation at 4000
rpm for 15 min. The clear supernatant was examined for
xylose by HPLC. The solid biomass remained after
hydrolysis was washed several times with fresh water and
was dried at 60 °C for 24 h.Out of the isolated strains,
strain named CIAB 1 was selected based on its xylitol
producing ability on the control media containing 3% (v/v)

xylose and sent to MTCC, Chandigarh for identification
(Fig. 14).

In further experiments, different impregnating
pretreatment parameters were analyzed in a way to
reduce the time interval and require less energy. The
effect of presoaking on the acidic hydrolysis of rice straw
was studied, using 2 sizes of rice i.e., cut rice straw
(=2mm or <6 mm) and its powdered form (190 pm - 200
um) for 4 different time periods (12, 24, 32, 48 h) at room
temperature, in 1%v/v sulphuric acid followed by direct
steam explosion pretreatment. The sample containing
RS (unsoaked) with 1% v/v dilute H,SO, was taken as
control (Fig. 15). The maximum xylose production was
observed with 24 hrs presoaking and cut rice straw.

Hemicellulose hydrolysis was optimized with
different concentrations of H,SO, viz., 0.5%, 1%, 1.5%,
2%, 2.5% and 3% (v/v) (Fig. 16). During steam

Figure 16. Pretreatment data with different concentration of dil. Sulphuric acid after steam treatment and upon neutralization with
Ba(OH)2. NOTE: G: Glucose, X: Xylose, A: Arabinose, H:HMF, F: Furfural, A: Acetic acid, AST: after steam pretreatment, ASTN: after

steam treatment and neutralization.
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Figure 17. Pretreatment data at different time intervals after steam treatment and upon neutralization with Ba(OH),.

pretreatment in order to estimate the production of
hemicellulosic monosachharides along with other
inhibitors such as HMF, Furfural and acetic acid. It was
seen that max. sugar production was achieved with 1.5%
and 2% H,S0,(9.51 % (w/v) and 9.75 % (w/v)
respectively). However, the amount of inhibitors was
higher at 2% acid concentration as compared to 1.5%.
Also, acetic acid formation was more at 2% as compared
to 1.5%. So, 1.5% dil. H,SO,concentration was chosen. A
significant decrease in inhibitor concentration (HMF &
furfural) upon neutralization was also observed as
compared to steam pretreated fractions alone. The effect
of different time periods (10, 20, 30, 40, 50, 60 minutes)
on the hydrolysis efficiency of steam pretreatment
process were also studied (Fig. 17).Maximum production
was noticed at 30 min. along with minimum formation of
inhibitors.

The fermentation of detoxified rice straw hydrolysate
was carried out separately in 5L Erlenmeyer flasks, each
containing 1L of hydrolysate. The hydrolysate was
supplemented with (g/L) yeast extract, 3.0; peptone, 1.0;
malt extract, 0.5; MgSO,.7H,0 0.3g (pH 5.0+0.2), was
inoculated with 5.0% inoculum of each culture separately
(OD6B00=0.6) and incubated at 30 °C for 72 h under

shaking conditions (150 rpm). Samples were withdrawn
and centrifuged at 4000 rpm for 20 min. The cell free
supernatant was used to determine the xylitol and
residual sugar concentration.

Hydrolysate prepared with treatment with 1.5% dil.
sulphuric acid for 30 min at 121 °C was employed for
xylitol production at optimized parameters for isolated
microbial strain named CIAB-1 and the hydrolysate
contained 9.82 %(w/v) initially (Fig. 18a).

The xylitol fermentation profile of CIAB-1 on
untreated raw hydrolysate (initial xylose concentration,
12.77 g/l) with corresponding utilization of xylose is
shown in the Fig. 18b. The highest xylitol concentration
obtained was 5.11g/l at 72 h with xylitol yield of 0.58 g/g
xylose. Maximum xylitol production is observed at 72 hrs.
The hydrolysate used for fermentation was used as such
upon neutralization without detoxifying and concentrating
it. Under standard conditions a decent xylitol yield of
0.58g/g was observed which is higher than adapted
strains C. tropicalis ITCC1830 and C. tropicalis MTCC
9038 with xylitol yield of 0.32 g/g and 0.33 g/g respectively
on corncob hydrolysate. Though, the xylitol yield of CIAB-
1 was less than Candida gquilliermondii on rice straw

Figure 18. (a) Hydrolysate fermentation by CIAB-1. (b) Xylitol production at different time intervals by CIAB-1.
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hydrolysate (YP/S=0.65 g/g) and Candida magnolia
TISTR5663 on defined media (YP/S=0.65 g/g) with initial
xylose concentration of 100 g/l xylose.

Salient Achievements

» Optimized the pretreatment process for xylose
production from rice straw with minimum ionic
impurity and inhibitors.

» Screened a potential isolate for xylitol production from
non-detoxified rice straw hydrolysate.

* ‘\I
N
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Research area: B

VALORIZATION OF CROP WASTES FOR SPECIALTY PRODUCTS AND CHEMICALS

This area aims to create value for the un-utilized or
under-utilized biomass left after crop harvest or
arising out of farm level operations for harvest of
grains or agri-commodities. Thus, it aims to assess
and realize the profitable scope of their processing
biologically and/or chemically to generate a
secondary stream of technology application-based

products. Nanocellulose, furfuryl alcohol, lignin,
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).

B 01: Dispersibility and stability studies of
nanocellulose in different solvents

Rice straw is one of the most underutilized by-product
specially in Northern India. In Punjab 19.7 million tonnes
of paddy straw is generated each year and out of this,
only 4.3 million tones (roughly 22 percent) is used in
biomass-based power plants, cardboard units and as
fodder . While rest of it about 70-80 MMT is disposed off

Figure 1. Effect of sonication time on CNF suspension

89

by burning causing soil erosion, lung diseases etc. So
biorefinery of rice straw for nanocellulose preparation
and its derivative design is the best suitable option for its
valorization. Because of the specific characteristics of
nanocellulose, such as the high surface area and aspect
ratio, they find application as reinforcing agent in
polymer matrix such as thermoplastic starch. The
advantages of cellulose nanocomposite materials in
polymer composite compared with conventional
composites is that at low reinforcement levels, there is
superiorthermal, mechanical and barrier properties.
CAis one of the most important organic esters obtained
from natural sources. lts applications include fibers,
membranes, films, and plastics. CA is also lightweight,
microwavable and has good optical properties. In
addition, CA biocomposites have good barrier
properties, prolonging the shelf life of foods because
they protect food against the attack of microorganisms
and oxidation [8 CA has been used in apparel and
cigarette industries, and in separation processes like
gas separation, reverse osmosis, dialysis and
hemodialysis. In addition, it is used in plastics, lacquers,
photographic films, adhesives and packaging. CA has
strong properties and a wide range of applications but
still several attempts have been made to improve their
different properties and expand their vast
implementation.
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S.NO. | DMSO content (%) Zeta potential (mV)
1 0 -55.37
2 10 -68.70
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According to literature, several studies have been
oriented not only to improve the different properties of
traditional CA but additionally to embrace the
development of cellulose acetate nanocomposite
(CANC) in several applications. For example, proposed
a simple method to prepare ACCs as the tensile
properties of ACCs based on CA reported in the
literatures are unsatisfactory or not mentioned. the ACCs
based on cellulose diacetate (CDA) followed by alkali
treatment were prepared, and nanofibrillated celluloses
(NFCs) were selected as reinforcement for possible high
mechanical properties. Owing to the high content of
NFCs in CDA, and the interaction between CDA and
NFCs resulted in certain compatibility as revealed by
FTIR, XRD, and SEM characterization. With the
incorporation of NFCs into the CDA matrix, the
mechanical properties of CDA composite films were
significantly improved, even though the thermal stability
and transparency of the films were somewhat reduced.
Most of the studies were focused on use of Tempo
oxidized cellulose nanofibrils, TOCN as filler in cellulose
acetate based nanocomposites to improve mainly their
transparency and befrigence. In 2017, same authors
publish an article regarding effect of interfacial layer
thickness on the reinforcement potential of TOCN in CTA
matrix. In another study, the addition of acetylated
cellulose nanowhiskers to improve the transparency and
mechanical properties of ca based nanocomposites.
Prepared composite films had high level of transparency
as the neat CA film. So mainly studies were focused on
improving the optical and mechanical properties of the
cellulose acetatebased composites including TOCNS,
Surface modified Cellulose nanocrystals as filler but
freeze dried cellulose nanofibrils from rice straw has yet
not been explored, different solvents namely DMSO and
DMF were taken based on the solubility of CNFs.
Besides most of the cellulose acetate composite
filmswere formed by electrospinning which is not
economical. Hence a simple casting method was used
for film prapartion by optimizing various parameters.

Hypothesis

» Homogeneous dispersion of cellulose nanofibers will
be achieved in cellulose acetate matrix by using
binary solvent.

» Cellulose nanofibers with lower residual lignin can be
used to prepare cellulose acetate nanocomposite film
with improved transparency and thermal stability.

» Mechanical properties of the nanocomposites will
also be enhanced.

Methodology
As cellulose having major solubility issues in water,
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Table 1. Zeta potential of 0.01wt % CNF dispersion in different
DMSO/water mixtures

S.NO. | DMSO content (%) Zeta potential (mV)
1 0 -55.37
2 10 -68.70
3 20 --65.95
4 30 72.42

5 40 -50.79
6 50 -45.61
7 60 -39.00
8 70 -48.56
9 80 -45.07
10 90 -49.00
11 100 -52.47

finding suitable suitable solvent for nanocellulose is the
first step. The matrix chosen i.e cellulose acetate is
already soluble in most of the organic solvent , so we have
to find one common solvent for both the matrix and the
filler (nanocellulose). Different solvents were tested like
Acetone (Himedia), Dimethyl Sulfoxide (Merck
Chemicals), Toluene (Himedia), Dichloromethane (Merck
chemicals), Chloroform (Merck Chemicals), Methanol
(Himedia), Formamide with freeze dried nanocellulose at
different temperature. Out of all, DMSO and DMF
showed some suspension of nanocellulose.

Rice straw CNF was put in a glass bottle with loose lid
and dried in oven to obtain lower moisture containing
CNF. 0.5 wt % of CNF was dispersed in DMSO,
DMSO/water or in water using probe sonicator (Sonics,
Vibra Cell). The composition of solvent was varied by
changing the mass ratios of DMSO to water so that the
following mixtures were obtained: 80:20, 70:30, 60:40
and 50:50. As bath sonicator was not appropriate enough
to achieve homogeneous dispersion. Before sonication,
dispersion was also subjected to ultra Turrax T25
homogenizer to achieve different binary solvent ratio.
With increase in sonication time, stability of the
suspension increases which may can be attributed to the
size reduction of cellulose nanofibers (CNF) (Figs. 1&2).

Characterization

Zeta Potential: The absolute value of Zeta potential
measured in pure water i.e -55 mV is consistent with the
values reported in literature. The absolute value of Zeta
potential of unfuctionalized CNF in water was determined
to be -55 mV, which is in accordance with the values
reported in literature. A decrease in this absolute value
would result in weaker repulsive forces and hence
ultimately agglomeration of CNF dispersion (Table 1).
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Figure 2. Showing swelling of CNF in DMSO

With increase in DMSO content upto 30 %, a steep
decrease of Zeta potential value down to -72 mV was
observed. Upon further increase in DMSO concentration
>40 %, the negative zeta potential reaches saturation
value of about -45 mV. Overall experimental results
showed that the CNF dispersion in DMSO/water mixtures
by reducing the diameter of nanofiberes. This may be due

Figure 3. TEM image of CNF suspension in (a) pure water (b)
pure DMSO and © DMSO:water 80:20
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to the ability of DMSO to partially dissolve the remaining
non cellulosic part that covered the cellulose surface
(Figs. 4&5).

0 hr

24 hr

Figure 4. Dispersibility of 0.5 wt %CNF in DMSO, water and
DMSO/water showing stability in 80:20 ratio of DMSO:Water

High-resolution transmission electron microscopy
(HR-TEM)

CNF dispersed in DMSO: water ratio of 80:20 was found
to possess the minimum average diameter. Similar
findings were shown by PVA hydrogels reinforced with
nanocellulose thatg can be used as a therapeutic lens as
wellas animplant for cornearegeneration (Fig. 3).

Figure 5. Transmittance of CNF dispersion in different
solvents
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Dispersibility studies

It is interesting to note that transparency goes on
increasing as we increase the DMSO concentration in
binary mixture. CNF dispersions in DMSO; water ratio of
(80:20) showed the highest transparency around 70 %
than that in pure water or DMSO. From application pint of
view, coating and adhesive sectors require the
transparency of the composite film specially in the visible
region. Around 70 % transmittance shown by CNF can be
utilized for fabrication of transparent and flexible
composites such as electrochromic devices, touch
sensor, solar cells and transisitors (Fig. 5).

B 02: Fabrication of cellulose acetate
nanocomposite film with cellulose nanofiber
asfiller

Preparation of nanocomposite films

CA powder was dissolved in DMSO (2%w/w) in a glass
laboratory beaker. Different ratio of CNF suspension (2%,
5%, 7.5% and 10 % w/w based on the CA matrix) were
added to the CA solution. Neat CA film was prepared as
such without the addition of cellulose nanofibers. The
suspension mixture was stirred mechanically overnight
and ultrasonicated for 15 mins. The prepared mixtures

were then poured into plastic petri plate, 90 mm with
covers that were put on a leveled surface in order to

Table 2. Formulations used for preparation of nanocomposite

films
S.NO. Composite code CNF (%) based
on CA matrix
1 Neat CA 0
2 CA/CNF2 2
3 CA/CNF5 5
4 CA/CNF7.5 7.5
5 CA/CNF10 10

obtain uniform thickness. The neat CA and
nanocomposite films were left undisturbed in hot air oven
at 60 °C, during which the solvent evaporated and thin
films were formed. CA/CNF2, CA/CNF5, CA/CNF7.5, and
CA/CNF10 were used to represent different CNF
contents inthe nanocomposite films (Fig. 6 and Table 2).

Figure 6. SEM images of surfaces of (A) neat CA (B) CA/CNF2 (C) CA/CNF5 (D) CA/CNF7.5 (E) CA/CNF10 showing morphological

changes in nanocomposte films
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Morphology analysis

At 2wt % and 5wt % filler loading, no noticeable change
was observed on the surface, thus implying good
compatibility between filllers and the matrix. Upto this
concentration, CNFs are uniformely dispersed in the CA
matrix which contributed to the effcetiveness of cellulose
nanofibril in improving the tensile strength of the film. As
filler content increases beyond 5 wt %, the presence of
white dots was preceived, being more noticeable in the
sample. This indicates the agglomeration of the CNF due
to the hydrogen bond interactions between the CNF and
hydroxyl groups. These aggregated particles act as point
of stress under mechnical load and hence causing a
negative effect on the mechanical properties of the
composites.

UV-vis Spectroscopy

Neat CA film shows an outstanding optical transmittance
around 100 %. In case of nanocomposites, there are
various parameters controlling the transparency of the
film such as degree of dispersion and particle size of
nanocellulose within the host matrix.

Figure 7. UV-vis spectra of CA films containing different ratios
of RS CNF

In case of nanocomposite film containing 2 wt% and 5 wt
% of CNFs, enhancement in film transparency around 70
% indicates uniform disperson of nanofibers and
absence of agglomerated large size particles (Fig. 7).
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neat CA CA/CNF2 CA/CNF5 CA/CNF7.5 CA/CNF10
Nanocomposite Film

Tensile strength (MPa)

Young's Modulus (GPa)

Mechanical properties of nanocomposites film

The maximum value of the tensile strength of 65 MPa and
Young's modulus of 2.5 GPa was achieved by loading 5
wt% CNFs in CA matrix (Equation 2). When CNFs are
embedded in the CA matrix at a sufficiently low
concentration, the distance between the CNFs is large
and the resulting particle— particle interaction is low due to
lower L/D ratio of filler particles. Additionally, it can be
related with the even distribution of nanoparticles within
the polymer matrix resulting in specific stress transfer
through the shear mechanism and hence increased
strength of the film. However, a filler concentration that is
too high (>5 wt %) yields a deterioration of mechanical
properties because of the presence of agglomerated
particles restrict the movement from the matrix to filler
particles, and hence damaged polymer network layers
(Fig. 8).

X-ray diffraction
The XRD pattern of pure CA showed peaks at two
regions;

Figure 9. XRD pattern of neat CA and various CA/CNF films

the first peak at 2 = 12-18 6 related to the crystalline
region of the polymer and the second at 2 8 = 22-26 6
which is known as the van de Walls or amorphous region
of the polymer. For this reason CA is considered as semi
crystalline polymer [64]. The nanocomposite films
displayed similar peaks to that of neat CA but peak
intensity was reduced, which indicated that the CNFs
dispersed in the CA matrix act as a hinder for
crystallization of CA restricting the movement of CA
molecules at higher loading (Fig. 9).
3
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Figure 8. Mechanical properties (A) tensile strength and (B) Young's Modulus of cellulose acetate nanocomposite films
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Characteristic peak of cellulose at 18 6 and 22. 5 6 also
still appeared even at higher loading. Thus, the good
miscibility of CNFs in CA matrix and similarity in crystalline
structure of both the filler & matrix, also accounted for the
increase intensile strength.

Thermo gravimetric analysis, TGA
Thermal degradation of CA starts around 350 °C with the

Figure 10. TGA curves of pure CA and various CA/CNF films.

decomposition of glycosidic linkage in cellulose
backbone, dehydration and depolymerization , and the
loss of acetate groups . Higher onset of degradation of
CA/CNF2 and CA/CNF5 films to that of CA could be due
to the higher thermal stability of rice straw components
upto 5 wt %. A similar trend was showed with
improvement in thermal stability of nanocomposites with
the addition of nanofibers . This may be due to the fact
that thermal stability of the cellulose nanofibers correlates
with the source of biomass materials and preparation
method leading to the differences in their chemical
structure and crystallinity. However above 5 wt% loading,
uneven distribution of CNF leads to the decrease
degradation temperature. Improvement in thermal
stability would be advantageous for high temperature
applications such as the separation of CO, from hot flue
gas (Fig. 10).

Water absorption analysis

Water absorption of nanocomposite films as a function of
RS CNF additionis givenin Fig. 11. As it can be seen, the
water absorption of neat CA film is significantly reduced
with the addition of CNF (Equation 3) . The strong
interaction between CNF and the matrix provide stability
and resistance to films. In other words, these strong
bonds are difficult to be broken by water molecules, thus
the water absorption is decreased. Another study also
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reported that the strong hydrogen bond formation
between the filler and matrix is responsible for reduction
observed in solubility of films. It has also been reported
that the high crystallinity of CNF (in this study, 92%) was
also one of the factor in providing water resistance
improvement (Fig. 11).

Figure 11. Water absorption capacity of CA nanocomposite
films

Salient Achievements

» Up scale of an energy efficient, cost effective process
development for preparation of nanocellulose from
rice straw with least lignin content.

» Reinforcement of Nanocellulose by way of
copolymerization with other green biopolymer for the
production of a better biopolymer.

B 03: Catalytic conversion of biomass-
derived furfural to furfuryl alcohol

The conversion of biomass-derived substrates to
commodity chemicals such as furfuryl alcohol has been
receiving much attention recently as limited fossil
resources- feedstocks for most chemicals today- are
steadily declining. In connection with this, sustainable
lignocellulosic biomass considered as alternative
feedstocks to produce chemicals which can substitute
chemicals derived from fossil resources. Further,
lignocellulosic biomass is an indispensable source of
carbon and oxygen-rich organic compounds which can
be processed at different reaction protocol such as
hydrodeoxygenation, dehydration, hydrogenation and
oxidation. Of the reactions mentioned above,
hydrogenation is a promising approach for the
production of wide-spectrum of chemicals and fuels.
Concerning this, the selective hydrogenation of furfural
(FUR) to furfuryl alcohol (FOH) is found to be an essential
transformation as FOH has a broad application in fine
chemicals.
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aferent 3. Tl 21O, 3o a1 B SRS

Entry | Catalyst FUR -FOH FOH Phase (%)
Conv. (%) | Yield (%) | Sel. (%) Monoclinic Tetragonal
1 M-ZrO2 92.0 85.5 92.9 100.0 0
2 T-ZrO2 44.7 34.2 76.5 16.8 83.2
3 M-ZrO2.N 92.4 89.8 97.1 100 0
4 T-ZrO2.N 22.2 8.1 36.4 5.6 94.4
5 Z102-C 10.9 0.72 6.6 - -

Reaction Conditions: 1 mmol FFA, B0 mg Catalyst, 4 mL Isopropanol, 110 °C, 6 h.
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Table 3. Furfural hydrogenation with various ZrO, catalysts

Entry | Catalyst FUR -FOH FOH Phase (%)
Conv. (%) | Yield (%) | Sel. (%) |Monoclinic Tetragonal
1 M-ZrO2 92.0 85.5 92.9 100.0 0
2 T-ZrO2 44.7 34.2 76.5 16.8 83.2
3 M-ZrO2.N 92.4 89.8 97.1 100 0
4 T-ZrO2-N 22.2 8.1 36.4 5.6 94.4
5 Z102-C 10.9 0.72 6.6 - -

Reaction Conditions: 1 mmol FFA, B0 mg Catalyst, 4 mL Isopropanol, 110 °C, 6 h.

Research Progress

Hydrogenation of Furfural (FUR)

The various zirconium oxide-based catalysts were
prepared using different zirconium precursor and solvent
in the presence of urea precipitant. The catalysts
prepared by using zirconium oxychloride in water and
methanol as solvent using urea as precipitant are
designated as M-ZrO, and T-ZrO,, respectively. The
catalysts prepared by using zirconium oxynitrate in water
and methanol as solvent using urea as precipitant are
designated as M-ZrO,-N and T-ZrO,-N, respectively.

The synthesised ZrO, based catalysts were used as
catalysts for the transformation of FUR to FOH under
relatively mild reaction conditions, and the obtained
results are shown in Table 3. This work has already been
published in Catalysis Science & Technology (DOI:
10.1039/DOCY01259A).

Promisingly, M-ZrO, and M-ZrO,-N showed excellent
activity in terms of FOH, yielding 86 and 89% with a
selectivity of 93 and 97%, respectively. On the other hand,
T-2rO, and T-ZrO,-N exhibited an insufficient catalytic
activity in terms of FOH vyield. To obtain more in-depth
insight into the physical properties of ZrO, catalysts, they
were subjected to XRD analysis and found that M-ZrO,
and M-ZrO,-N possessed completely monoclinic phase
and T-ZrO, and T-ZrO,-N predominantly composed of

§ + Monoclinic ZrO,
¥ o Tetragonal Zro,

NE
o(231)

M-ZrO,-N
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Figure 12. XRD patterns of various ZrO, catalysts
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tetragonal phase (Fig. 12 and Table 3). The composition
of the monoclinic and tetragonal phase in each ZrO,
catalyst was calculated based on the equation (Equ. 1)
given below. The higher the monoclinic phase in ZrO,, the
higher the yield of FOH (Table 1). However, M-ZrO, and M-
ZrO,-N have 100% monoclinic phase, but M-ZrO, showed
a relatively lower selectivity. To understand this
discrepancy, the ratio between (-111) and (111) facet was
calculated and found to be M-ZrO,-N possessed slightly
higher ratio of 1.51compared to M-ZrQO, (Ratio of (-111)/
(111) facet:1.44) which could be the reason for yielding
slightly more FOH.
1311

Uy = ——— X, Vp =
m T 14031170 ¢

In[-111]+I;[111]

I =111+ [111]+1¢[111] Equ.-1

1-vp.x=

To further understand and substantiate the crystal size
and facet, the ZrO, catalysts were analysed by low and
higher resolution TEM. The average particle size of M-
ZrO,-N (Fig. 13a) was found to be 10+5 nm. As shown in
Fig. 13b, the d-spacing value of 0.28, 0.31, and 0.36 nm
matches well with monoclinic ZrO, crystal facets of (111),
(-111) and (110). Likewise, the average particle size of T-
ZrO,-N was found to be ~20 nm with more agglomeration
of particles (Fig.13c) and the d-spacing

Relative Intensity (a.u.)
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acid

Entry | Catalyst Additive FUR Conv. | FOH

(%) Yield (%)
1* M-Zr0.-N Pyridine 86.8 73.8
20 M-ZrO>-N 2-Nitrobenzoic | 8.3 1.4

Reaction conditions: 1 mmol FFA, 80 mg M-ZrO,-U-N catalyst, 4 ml isopropanol,
110 °C, 6 h. *80 mg pyridine added; ®80 mg 2-nitrobenzoic acid added.
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Figure 13. TEM images of M-ZrO_-N (a and b), and T-ZrO,-N
(c and d).

value of T-ZrO,-N matches well with the tetragonal phase
of ZrO, (Fig. 13d). However, the impurity of the monoclinic
phase was found in T-ZrO,-N by observing (-111) and
(110) of monoclinic ZrO2 with the d-spacing value of 0.31
and 0.36 nm, respectively. It can be concluded from TEM
analysis that M-ZrO,-N wholly composed of monoclinic
phase whereas T-ZrO,-N had predominantly tetragonal
phase along with a minor amount of monoclinic phase.
As M-ZrO,-N showed higher catalytic activity, it is
essential to find out which active sites played a role in the
transformation of FUR to FOH. Pyridine and 2-
nitrobenzoic acid were used to poison the acidic and
basic sites, respectively, on M-ZrO2-N. When poisoning
the acidic sites with a base pyridine, the only basic sites
are available for the transformation of FUR to FOH and
vice versa. Interesting, it was found that basic sites in M-
ZrO,-N (acidic sites hampered by the addition of pyridine)
played a crucial role on the formation of FOH with a yield
of 74% (Fig. 14 and Table 4). On the other hand, the
addition of 2-nitro benzoic acid during the reaction
(prevent the basic sites in M-ZrO,-N) gave a yield of only
1% FOH, suggesting that no significant role of acidic sites
on the transformation of FUR to FOH. Moreover, these
two additives were employed as catalysts separately and

found that no FOH was formed, emphasizing that these
additives played arole only to prevent the respective sites
but not play as a catalyst. To get a deeper insight into the
basic site, the ZrO, were subjected to CO,-temperature
programmed analysis to calculate the total number of
basic sites. CO2-TPD profile of the best and the least
catalyst (M-ZrO,-N and T-ZrO,-N) are shown in Fig. 14.
The total number of basic sites were calculated and are
displayed in Table 5. From Fig. 14 and Table 5, one can
understand that the higher the total number of basic sites
(especially medium and strong basic sites), the higher
theyield of FOH. These results are in consistence with the
results obtained from poisoning studies that basic sites
are playing a crucial role in the yield of the FOH. Moreover,
a peak appeared at 650 °C belongs to strong basic sites
for M-ZrO,-N might have originated from (-111) facet and
responsible for higher catalytic activity. Similarly, a peak
appeared at 600 °C corresponding to strong basic sites
for T-ZrO,-N might have originated from (111) facet of
Zr0,, showing a lower catalytic activity in terms of FOH
yield (Fig. 14).

'
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Figure 14. CO2-TPD profile of M-ZrO2-N and T-ZrO2-N

It can be speculated based on the XRD, TEM and TPD
analysis that (-111) facet of M-ZrO.-N having a large
number of basic sites played a crucial role in enhancing
the yield of FOH.

Table 4. The role of active sites by adding additives

acid

Entry | Catalyst Additive FUR Conv. | FOH

(%) Yield (%)
1* M-Zr0.-N Pyridine 86.8 73.8
20 M-ZrO>-N 2-Nitrobenzoic | 8.3 1.4

Reaction conditions: 1 mmol FFA, 80 mg M-ZrO,-U-N catalyst, 4 ml isopropanol,
110 °C, 6 h. *80 mg pyridine added; ®80 mg 2-nitrobenzoic acid added.
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Table 5. The role of basic sites on the yield of FOH

As M-ZrO,-N showed high catalytic activity, the
hydrogenation reaction protocol was extrapolated to
various bio-based carbonyl compounds such as
cyclohexanone, benzaldehyde, 5-methylfurfural,
anisoldehyde, veratraldehyde and p-tolualdehyde under
similar reaction conditions. The corresponding alcohols
yields were found to be between 77.0 and 100% at a
reaction temperature of 110 °C for 6-10 h; the reaction
time varied with respect to the reactivity of the substrate. It
was found that the higher yield of alcohols at lower
temperature were obtained compared to the previous
studies. For example, the zirconium-based nanohybrid
catalyst required a relatively higher reaction temperature
of 160 °C for the conversion of benzaldehyde to benzyl
alcohol. At the same time, M-ZrO,-N required a reaction
temperature of 110 °C, exhibiting that M-ZrO2-N had
basic sites predominantly in (-111) facet, which could
favour catalysing the reaction at a lower temperature. M-
ZrO,-N was also able to recyclable up to three cycles with
a small loss of activity in terms of FOH yield.

Salient Achievements

» A quantitative yield of furfuryl alcohol from furfural in
isopropanol was achieved with ZrO, having basic sites
predominantly inthe (-111) facet.

B 04: Biomass lignin extraction and
subsequent valorization to phenolics

Lignin is recognized as the second most abundant
natural biogenic polymer after cellulose; it plays a vital
role in the plant's growth, like providing mechanical
support, protection from the microbial attack, water
transport, etc. It is a three-dimensional, highly cross-
linked macromolecule composed of three major types of
lignin subunits, such as S, G, and H monomeric units.
These units are connected through a variety of linkages
mainly B-aryl ether (B-O-4), benzyl aryl ether (a-O-4),
phenylcoumarn (B-5), biphenyl (5-5), diaryl ether (5-O-4),
1,2-diaryl propane (8-1), B-B linkages. Also, comprises a
variety of functional groups like methoxyl, phenolic
hydroxyl, aliphatic hydroxyl, carbonyl, and carboxyl,
which typically play a vital role in reactions of
delignification and further modifications. Till date, a
variety of lignin transformation strategies and
approaches have been developed and employed for the
effective and efficient depolymerization of lignin towards
the synthesis of aromatic commodity chemicals like
oligomers (dimers and trimers) and monomeric units,
such as alky-substituted aromatic phenols, guaiacols,
and syringols.

Figure 15. Graphical abstract of the process of production of butylated hydroxytoluene using biomass derived lignin
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Figure 16. Effect of DES loading and temperature on the recovery of the lignin from lignocellulosic biomass (sawdust)

Research Progress

Herein, we demonstrate the technique for facile lignin
recovery with quality by adapting the novel biphasic
separation approach during the deep eutectic solvent
(DES) treatment of biomass for subsequent valorization
(as shown in Fig. 15). Wherein, the tetrahydrofuran
(THF)/ag. NaCl combination influenced the attainment of
biphasic layer separation, thereby accelerating the
movement of DES dissolution lignin to the organic phase
and allowing the easy recovery of lignin (Fig. 16) and
solvents (both THF and DES) for reuse. The modified

protocol facilitated in accomplishing ~32 wt.% lignin
yield with 95% purity, which is nearly 88 % recovery to the
potential lignin of sawdust, achieved through the
fractionation of sawdust using choline chloride and lactic
acid combination at 1:2 molar ratio under high thermal
conditions.

The obtained result is comparatively higher (~2-fold)
than the conventional DES protocol employing H,0-EtOH
mixture for precipitation of lignin using a similar wood
substrate.

Figure 17. Overall process flow scheme of the integrated setup of biomass lignin recovery and subsequent valorization for the

production phenolics (BHT).
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All of the analytical characterization techniques, including
"C NMR, FTHR, GPC and Py-GC/MS established its
structural and morphological characteristics, proposing it
as the apt feedstock for the potential aromatic chemicals
production due to the dominance of B-O-4 content and
the limited residual constituents, including sugars and
silica. Upon evaluation of its suitability for phenolics
synthesis via hydrogenolysis, it allowed to obtain ~48%
butylated hydroxytoluene (BHT) as a dominant product
through the heterogeneous catalysis (Ru@V,0;). Overall,
the results honestly demonstrated that DES is proficient
in the disintegration of biomass, which in turn promoted
the release of lignin; however, the recovery of solid lignin
depends on the extraction agent involved and the
downstream steps (Fig. 17).

Photocatalytic decomposition of lignin

Herein, we demonstrate the effective process for lignin
decomposition via photocatalysis using CQDs
decorated TiO, nanohybrid in aqueous conditions. The
complex branched structure of lignin offers challenges in

its chemical/biological transformation. The recalcitrant
nature hampers its effective utilization towards the
synthesis of potential chemicals and products through
depolymerization. Indeed, the sophisticated analytical
determinations, including powder XRD, HR-TEM, and
XPS, witnessed the structural characteristics of the as-
prepared TiO,/CQDs nanocomposite. The photocatalyst
promoted a nearly complete decomposition of
commercial alkali lignin up to 99% with the direct sunlight
illumination, yielding a different variety of market-value
lignin derivative products like m-anisic acid (3-
methoxybenzoic acid) and p-hydroxybenzoic acid
(PHBA) with 20% and 16% selectivity, respectively,
through the probable oxidation mechanism. Upon
verifying its effectiveness towards the decomposition of
kraft lignin, it showed a promising response (86%
conversion) within 6 h of photocatalysis. The recyclability
study showed that the photocatalyst has an exceptional
photostability (Fig. 18).

Figure 18. (a) Graph of In(C,/C) against time portraying photocatalytic degradation of lignin (10 mg/L lignin concentration, catalyst
(TiO,/CQDs) dose 0.5 g/L), (b) UV-vis absorbance spectrum of photocatalytic degradation of agricultural biomass-derived kraft lignin
(10 mg/L, pH 12) at different time intervals with TiO,/CQDs (1 g/L) under sunlight illumination, (c) Recyclability experiments of
TiO,/CQDs photocatalyst for the lignin degradation and (d) Fluorescence spectra of terephthalic acid in the presence of the catalyst
under solar light irradiation depicting the production of hydroxyl radicals by catalyst at Aex=315 nm.
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Salient Achievements

» Establishing the strategy for achieving maximum
lignin recovery (32% wt. yield and 95% purity) from
biomass (sawdust/rice straw), which is ~2-times
higher than the yield reported through the traditional
DES protocaol.

» Establishing the method for decomposition of the rigid
lignin into market-value lignin derivative products like
m-anisic acid (3-methoxybenzoic acid) and p-
hydroxybenzoic acid (PHBA) via photocatalysis.

B 05: Conversion of Agri-biomass-based
Lignin into Functional Nanomaterials for
Biological and Industrial Applications

Lignin is a natural biopolymer present abundantly in
nature post-harvest. It is a multifaceted molecule with
antioxidant, antimicrobial, UV-blocking and several other
properties. Surprisingly, along with other a components
of agri-biomass either it is left in the field or burnt out. It is
therefore worth converting agri-biomass derived lignin
into functional materials. Being biocompatible in nature,
preparation of nanomaterials from lignin would be an
important research area to explore. Firstly, lignin based
metal (silver, gold and bimetallic) nanocomplexes were
developed successfully which showed promising
potential as antimicrobial agent. The nanocomplexes
were later doped into a transparent hydrogel to fabricate
light-activatable photodynamic therapeutic agents.2

Further, lignin based zinc oxide nanocomposites with
commendable UV-blocking and antimicrobial potential
was developed. Notably, the zinc oxide nanocomposite
acted as an effective additive to develop antimicrobial
sunscreen when added to a commercial body cream.
Native lignin based biodegradable nanoparticles have
also been developed which has the potential to act as a
carrier for bioactive agents and also as a coating material.
Polypyrrole nanoencapsules with promising
photophysical properties are being developed which will
act as an essential tool to degrade agri-biomass.5 It is
envisioned that these agri-waste lignin-based functional
nanomaterials will be useful to prepare valuable products
such as coatings, films for biological and industrial
applications.

Research Progress

Lignin-metallic/bimetallic nanoconjugate doped
hydrogels with antimicrobial photodynamic therapy
potential

Photodynamic antimicrobial hydrogels can be a game
changer in enhancing therapeutic action of antimicrobial
agents via localized drug delivery. Photodynamic
nanoconjugates were prepared by us via conjugating a
light activatable molecule called photosensitizer (rose
bengal) with lignin derived metallic and bimetallic (silver
and gold based) nanocomplexes. The nanoconjugates
were very stable under physiological conditions for at
leastthree days.

Figure 19. (a) Confirmation of hydrogel synthesis by visual observation - no free movement was observed upon tilting of the glass vial
(left), (ii) glass vial inversion for 15 min showed no movement (right), (b) visual appearance of a nanocomposite hydrogel
(RB@AUAQLNCs embedded), scanning electron microscopy (SEM) images of (c) PAA hydrogel (bare hydrogel), (d) PAA hydrogel-

RB@AULNCs (scale 20 um).
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Figure 20. SEM images of treated fungal cells along with control (in dark as well as laser) at different scales (a) control (in dark) [(I) 5
um scale], inset representing a single cell at 1 um scale, (b) control (laser only) [(i) 5 um scale], inset representing a single cell at 1 um
scale; (c) treated cells (RB@AUAGLNCs + laser) [(i) 5 um scale] inset representing a single cell at 1 um scale and (d) treated cells
(Hyd-RB@AUAgLNCs + laser) [(i) 100 um scale], inset representing the interaction of fungal cells with hydrogel at 10 um scale.

Figure 21. Fluorescence microscopy images of the fungal cells (Candida tropicalis) at 10 um scale treated with: (a) hydrogel-
RB@AUAGLNCs with laser exposure, (b) RB@AUAgLNCs with laser exposure, (c) control (laser exposure only) and (d) control (in dark).

Importantly, the nanoconjugates possessed promising
photophysical properties (reactive oxygen species
generation and photoluminescence) as found from their
singlet oxygen and fluorescence quantumyields. Further,
each of these nanoconjugates were incorporated into a
polyacrylic acid (PAA) based hydrogel to develop
antimicrobial photodynamic hydrogels with pH triggered
release potential (Fig. 19). Notably, the pH activated
release approach of the photodynamic nanoconjugates
from the hydrogel was advantageous towards the laser-

assisted antifungal activity against Candida tropicalis
(Fig. 20). During a comparative study it was observed that
the rose bengal@bimetallic nanoconjugate doped
hydrogel showed better photodynamic antifungal activity
than its monometallic counterparts (Fig. 21). The
bimetallic nanoconjugate doped hydrogel displayed
maximum fungal growth inhibition with very low 1C50
value. These newly fabricated photodynamic
antimicrobial hydrogels could be potentially applicable in
targeted therapeutics and wound healing applications.

Table 6. Determination of UV protection efficiency of lignin, nanocomposites and cream-based formulations*
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Figure 22. a) Schematic diagram to develop lignin derived ZnO nanocomposites and their applications, UV-Vis spectra of b) ZnOAL
and c) ZnOKL nanocomposites, inset images show the colour change due to the formation of lignin-ZnONCs before reaction (left) and
after reaction (right), d) slides showing the colour difference in various formulations [ZnOKL — Kraft lignin based ZnONCs, ZnOAL - alkali
lignin based ZnONCs, ZnO comm - ZnO from commercial source, AL — alkali lignin, KL — Kraft lignin, Cream — Commercial body cream.

Lignin derived zinc oxide nanocomposites as applications. Initially, agri-biomass derived lignin was
promising antimicrobial sunscreen utilized for green and one-pot synthesis of zinc oxide
Both lignin and zinc oxide nanoparticle are known to nanocomposites (ZNnONCs) (Fig. 22). Notably, lignin
possess antimicrobial and UV-blocking potential. In this acted as a capping and stabilizing material for the
regard, it would be beneficial to validate the combined formation and functionalization of zinc oxide
effect of lignin and zinc oxide nanomaterial in common nanocomposites.

Figure 23. a) UV-visible spectra of Kraft lignin and lignin nanospheres; inset picture showing color change due to the formation of
LNSRs: before reaction (left) and after reaction (right), (b) HRTEM images of LNSRs at scale 50 nm, (c) transmittance spectra of LNSRs
at varying concentrations indicating UV-blocking capacity of the LNSRs, (d) fluorescence microscopy image of E. coli incubated with
LNSRs showing green fluorescence (scale 20 um) (top) and image of E. coli in absence of LNSRs (bottom). (e) surface morphology of
the lignin nanocoating: SEM image of the coating (scale at 100 um) (top) and fluorescent microscopic image at 20 um scale (bottom).
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Figure 24. Schematic diagram of the synthesis of
polypyrroles (porphyrins and BODIPYs) and formation of
polypyrrolic nanoencapsulates following their application in
photocatalysis.

Environmentally friendly methods were incorporated to
develop ZnONCs in a single step and in cost effective
manner. The lignin derived ZnONCs exhibited promising
surface functionalization and antioxidant potentials.
Moreover, the nanocomposites displayed good
antimicrobial potential against Gram negative and Gram
positive bacteria. Furthermore, the nanoformulations
showed excellent UV-blocking efficiency as such and
also when used as an additive to a commonly used body
cream (Fig. 22 and Table 6). The lignin derived zinc oxide
nanocomposites showed excellent SPF values (SPF =
10) in comparison to native lignin (SPF = 2, i.e. 5 times
more effective) or commercial ZnO nanoparticles (SPF =
4, i.e., 2.5 times more effective). Our results therefore

suggest that, these lignin derived zinc oxide
nanocomposites can be applicable in developing
antimicrobial sunscreens.

Fabricating photoactivatable lignin nanocoating
with phototheranostic, antimicrobial and UV
blocking potential

The polyphenolic and adhesive nature of lignin allow it to
act as an antimicrobial and UV resistant, coating material.
Commercially available coating materialstoxic chemicals
and are quite expensive. Thus, lignin nanospheres
(LNSRs) were initially prepared in a one-step via green
technique which showed antioxidant and UV blocking
potential (Fig. 23). The lignin nanospheres were directly
used to develop a nanocoating material. Notably, the
lignin-based nanocoating exhibited extraordinary
photoluminescence properties which makes it useful in
bioimaging (Fig. 23). Moreover, the material generated
reactive oxygen species (ROS) in the presence of light
thereby making it useful as a phototheranostic (both
therapeutic and diagnostic) agent. The nanocoating
showed capability to eradicate common microbes while
conducting antimicrobial photodynamic studies. This
multimodal nanocoating will be appropriate to put an end
to various microbial infections.

Polypyrrolic nanoencapsulates: synthesis,
photophysical evaluation and photocatalytic
potential

Polypyrroles are natural pigments with promising
photophysical properties which can facilitate light
harvesting. However, aqueous insolubility restricts their
practical applications in most cases.

Figure 25. (a) Synthesis of meso-substituted BODIPY and (b) synthesis of trans-A2B2 porphyrins (free base porphyrin and
metalloporphyrins), (c) methylene blue degradation under white light in the presence of various polypyrroles and PPNEs (as observed

by HPLC analysis).
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To circumvent this, firstly different dipyrromethanes
(DPMs) were synthesized using a simple, one-step and
scalable method with good vyields (Fig. 24). Further,
DPMs were directly employed in the synthesis of boron
dipyrrins (BODIPYs) and porphyrins which were obtained
in moderate to good yields (Fig. 25). The newly
constructed polypyrroles which were hydrophobic, were
entrapped into a biodegradable PLGA polymer forming
corresponding polypyrrolic nanoencapsulates (PPNESs)
thereby imparting hydrophilicity into them. Notably,
BODIPY nanoencapsulates have gained potentially high
quantum yields with good entrapping efficiency, whereas
porphyrins showed minimal fluorescence when
encapsulated. Following encapsulation, restriction was
imposed in the nonradiative decay pathway of the
polypyrroles as observed by lifetime decay
measurements. However, polypyrroles with higher
molecular weight upon entrapment experienced
quenching of fluorescence. This observation was further
supported by the measurement of fluorescence lifetime.
A correlation between molecular weight, encapsulation
efficiency, fluorescence decay lifetime was noticed upon
encapsulation of the polypyrroles into PLGA. Importantly,
polypyrrolic nanoencapsulates were used for
photocatalytic dye degradation in the presence of visible
light. It was observed that BODIPY nanoencapsulates

possessed high potential to degrade methylene blue in <
2 hours upon white or blue light irradiation (Fig. 25).
Whereas, encapsulated porphyrins exhibited relatively
lower dye degradation capability. Overall, these
polypyrrole nanoencapsulates will play key roles in light
harvesting applications especially to degrade agri-
biomass.

Salient Achievements

» Lignin based photosensitizer-metallic/bimetallic
nanoconjugates were prepared and doped into
hydrogel which showed promising photodynamic
efficacy inthe presence of light.

» Lignin derived zinc oxide nanocomposites with
promising UV-blocking and antimicrobial potentials
were developed which can be used effectively as an
antimicrobial sunscreen.

» Lignin based nanocoating material was developed via
one-pot and green technique which showed
phototheranostic, antimicrobial and UV-clocking
potential.

» Syntheses of a series of polypyrrolic
nanoencapsulates were accomplished which showed
excellent potential toward the degradation of a
commondye.
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Research area: C

NUTRITIONALS, NUTRACEUTICALS, AND PROCESSING FOR BIOPRODUCT VALUE OR USE
UPGRADATIONS

The area covers research projects and activities
involving 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 formulations and additives,
phytochemiclas of safe and known/promising
significance, chemical and/or biological
transformation for value upgradation, higher
business positioning. Recovery of black carrot
pectins, value added products from citrus fruits, etc.

C 01: Processing of black carrot for pectin
extraction and its use in food products

The black or purple carrots (Daucus carota L. ssp. sativus
var. atrorubens Alef.) originated from Central Asia, where it
has been known for circa 3000 years. Nowadays, these
are mostly cultivated and consumed in eastern countries
such as Turkey, Far East, Pakistan and India. Although
orange carrot varieties are more common, the
consumption of black or purple carrots is steadily
increasing due to their richness in phytochemicals,
anthocyanins which are known to provide significant role
in disease prevention. Black carrots have distinguished

role in health promotion and aging-related diseases
including cancer, cardio- and cerebrovascular diseases.
The color of black carrots is also constituted by
anthocyanins, majorly present in monomeric form as
cyanidin-3-glycosides with glucose, galactose and
xylose sugars. This peculiarity makes them a good raw
material for processed food products like juices, jams,
marmalades preparation or as concentrates for natural
colorants. However, like other varieties, large-scale
processing of black carrots generates pomace
containing lower soluble (pectin) and higher insoluble
(cellulose, hemicellulose, lignin) dietary fibre fractions.
The pectin as a soluble fraction from pomace is a versatile
food ingredient used for structure building (gelation,
stabilization, or thickening) in food products such as
jams, yoghurt drinks, milk-based fruit drinks, and ice
cream. Pectin, owing to their gelling ability and
biodegradability, are also being studied for their
application in edible films and coatings. Apart from food
industry, it also finds uses for medicinal purposes owing
to antioxidant and immunomodulatory activities.
Recently, pectin-rich ingredients such as apple
pomace, orange fibre, tomato powder and carrot cell wall
components have been well explored to improve the gel
characteristics, rheology, texture and microstructure of
set yoghurt (i.e. allowed to set in container and is of thick
texture) through interactions with casein network.

Figure 1. Extraction and characterization of pectin from black carrot. Studied the effect of processing such as microwave,

ultrasonication and conventional heating on pectin extraction.
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In view of this, present study was conducted to extract
pectin from black carrot and explored the use of extracted
pectininyoghurt.

Research Progress

Pectin from black carrots pomace was extracted in hot
acidic water (2.5 pH) using microwave (MW) at 110 °C/5
min, ultrasound (US) at 70 °C/30 min and conventional
heating (CH) at 110 °C/90 min. CH showed highest yield
(0.22 kg/kg pomace), followed by MW and US
treatments. However, from kinetic modelling, MW
extraction was found to exhibit the highest rate of
extraction among the three approaches. Pectin extracted
via CH resulted in maximum retention of anthocyanins
(1213 mg/l), phenolics (1832 mg/l) and antioxidant
activity (180 OM/ml). MW extraction resulted in pectin with
a higher water holding capacity and larger particle size
than US. Pectin from CH and MW also evinced higher DE
and GalA than from US. FTIR, TH NMR and XRD spectra
confirmed the presence of characteristic functional
groups in MW, CH and US pectin and these agreed with
chemical analysis. Images from scanning electron
microscopy revealed a cellular structure in dried pomace
while the pectin powder has a particulate structure. In
terms of thermal stability, CH and MW resulted in pectin
with less residues indicating higher phenolic content as
compared to pomace and US pectin. Overall, MW
extraction was found to be most cost effective, followed
by CH and finally, US. Therefore, it is concluded that MW
processing integrated with CH could result in rapid
extraction and higher yield of pectin without impacting its
functionality (Fig. 1).

Addition of low-methoxyl pectin (LMP) was observed
to reduce whey loss, improve firmness, rheology, quality
and overall liking of low-fat set-yoghurt. LMP addition

increased soluble solids content and resulted in higher
bacterial counts (=10 log CFU/g), acidity, bioactivity
(DPPH & ABTS+ pM Trolox/g), and lower pH of set
yoghurts. A significant (p < 0.05) improvement in
firmness and 16% reduction in whey loss was also
observed. As per rheology studies, LMP added set
yoghurts possessed higher modulus (G', G", G*) and
complex viscosity. Power law model parameters (A & z)
for G* also related to the enhanced strength of yoghurt
matrix on addition of LMP The dense packing of protein
gel structure along with filling action of hydrated
hydrocolloid might led to moduli changes in yoghurts.
Increasing slope of |G* | and dtan & values close to zero
confirmed higher gel strength of yoghurt added with
higher concentrations of LMP Microstructure revealed
open porous network of casein in control, while increased
cross-linking with casein or filling of cavities was
observed upon addition of LMP in yoghurts. Sensory
liking scores showed strong correlation with rheological
parameters, while PCA confirmed the effect of LMP
concentration on major quality attributes (Fig. 2).

Salient Achievements

» Anthocyanins rich pectin was extracted from black
carrots pomace.

» Pectin recovered through microwaves (MW) exhibited
higheryieldinlesstime.

» MW found to be cost efficient process for pectin
extraction from pomace.

» Low-methoxyl pectin (LMP) improved quality,
bioactivity and firmness of yoghurt.

» Protein-pectin interactions and filled protein cavities
reduced the syneresis of yoghurt.

Figure 2. Low-methoxyl pectin was observed to stabilize the low-fat set yoghurt and improve their physicochemical properties,

rheology, microstructure and sensory liking
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C 02: Processing of galgal for value added
products

India is the largest producer of lime and other species.
India produces nearly four million metric tons of citrus
fruits per annum. These citrus groups of fruits include
sweet orange, kinnow, malta, mandarin, lemon, acid lime,
pomello, grapefruit, etc. In India, Sweet orange and
Kinnow mandarin are the two varieties that are produced
commercially in large scale. Cultivation of this species is
at great demand because of its nutritious properties as
they are rich source of carotene (source of vitamin A),
ascorbic acid (vitamin C) and folic acid. Citrus fruits also
have therapeutic significance for various diseases like
scurvy, diseases of joint and bones, piles, habitual
constipation.

Citrus pseudolimon is one of the species belong to
the citrus family which are found in the North Western part
of Indian hill states like Jammu & Kashmir, Himachal
Pradesh and Uttrakhand. Hill lemon is also found to be
cultivated in the Kandi region and foothills of Shivalik
mountain ranges of Himalayas. It belongs to the family of
Rutaceae. Citrus pseudolimon also called as Hill lemon
or Galgal is considered to be an indigenous species of
Citrus which is morphologically distinct from Lemon.
Himalayan region especially Himachal Pradesh is
blessed with large number of plants with medicinal
importance reported in several traditional medicine
systems. Hill lemon is confined to a limited extent in India
due to high acidity and less content of sugars in its fruits.
Hill lemon is the cold hardy lemon and prone to citrus
canker and citrus leaf minor. Hill lemon is a good source
of Vitamin C, flavanoids, minerals and salts.

Hill lemon (Citrus pseudolimon) is an underutilized edible

fruit crop with known nutritional properties. The fruits of
Citrus pseudolimon are used in food preparations.
Various parts of this plant are traditionally used by people
in different ways like making pickles and squashes in
home in the parts of Northern states of India. As this fruit
contains high acidity and more thickness of peel,
therefore its pickle can survive long time without any
deterioration. That's why it is commercially used in
making pickles. Hill lemon juice is also used as a souring
agent in many food preparations. Furthermore, galgal is
one of the most important and god send fruit crop
because its plants can be grown in far flung and barren
land like in kandi areas of punjab. Underutilized fruits and
vegetables could be used to prepare various value-
added products. These products are nutritious and rich in
fiber and antioxidants. Industrially, it can be used for the
production of different value added products like pectin,
citric acid, lemon powder, essential oil and other bioactive
compounds. In citrus juice manufacturing industries,
after extraction of juice remaining parts (peels,
pomace/pulp, seeds etc) are thrown away as a waste
which cause economic loss. So, in order to minimize that
loss there is a need to procure bioactive compounds from
the citrus waste. In view of this, present study involves the
extraction of value added products like essential oil,
pectin and calcium citrate from underutilized fruit Hill
lemon (Citrus pseudolimon).

Research Progress

Different parts of the Hill lemon (Citrus pseudolimon)
fruits were used to extract various valuable compounds.
Peel of Hill lemon was used to extract essential oil to the
extentof 4.70% (Fig. 3).

Figure 3. Flowchart of extraction of different value added products from Hill lemon (Citrus pseudolimon)
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Essential oil was characterized by GC- MS and confirmed
the presence of d-limonene in it. Pomace/pulp of Hill
lemon fruit was utilized to extract pectin. The yield of
pectin in Hill lemon pomace/pulp was 21%. Moisture and
Ash content in extracted pectin was 10.22% and 4%
respectively. Pectin was characterized for various
physico-chemical properties such as degree of
esterification, methoxyl content and galacturonic acid
content. These factors affect the gelling property of the
pectin and also determine their tendency for product
formation such as jellies, desert fillings, and ice-creams
etc. Pectin from Hill lemon was also characterized by FTIR
which showed the similar peaks and presence of same

[ ‘\I
N
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functional groups as in commercial pectin. Calcium
citrate was recovered from the Hill lemon juice with a yield
of 16.6% and characterized through FTIR and TGA. The
spectrum of the extracted calcium citrate from Hill lemon
juice showed similar peaks to that of standard calcium
citrate from CDH, documenting the good quality of
obtained calcium citrate from juice of Hill lemon.

Salient Achievements

» Optimized integrated process for the extraction of oil,
pectin and citrate from Hilllemon.

» Characterized the isolated value added compounds.
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Research area: D

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

This area entails specific objectives of designing and
producing enzymes for specific advantages of
catalytic specificity 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
biosynthetic technology/synthetic biology for
xenogeneic production of high value nutraceutical
molecules, rare sugars, functional molecules, food
and flavor additives, colors etc.

D 01: Exploration of microbes/ enzymes in
bioprocessing and improvement in their
efficacy through synthetic biology approach

With a focus to identify potential hydrolytic enzymes for
their use in bioprocesses for value added products
development from agro-biomass, a metagenomics and
synthetic biology approach is being followed.
Metagenomic approach opens up a rich pool of
uncharacterized metabolic pathways, enzymes, and their
adaptations. Such gene pool may provide the particularly

exciting potential to mine for new biochemical activities or
novel enzymes suited for a bioprocess need to be
conducted with peculiar substrate and experimental
conditions. Metagenomes also represent a huge
reservoir of novel enzymes for applications in
biocatalysis, biofuels, and bioremediation. Previously, we
have reported on the identification of a potential
bacterium Acinetobactor pitti MASK25 (MTCC 25132) for
xylanase production. Magnetic CLEA of the crude
xylanase was found to be potentially transforming the
physically treated rice straw and corn cob into
xylooligosachharides with predominant amount of
xylopentose and xylohexose. Identified an ethanol
tolerant bacterium Acetobacter pasteurianus SKYAA25
for acetic acid production from apple pomace.
Mannanase has been extensively exploited for the
hydrolysis of mannan rich biomass into value added
product such as MOSs because of its property to act on
the B-1,4-glycosidic linkage present in the main
backbone chain of mannan. Also, mannanase performs
bleaching action on wood, paper and pulp, thus making it
more valuable for both food and textile industry. MOSs
are also of great importance for animal feed industry,
mainly due to their proficiency of binding with the fimbrae
of pathogenic bacteria. Thereby MOSs hamper the
bacterial attachment to the gut wall and thus, halt the
pathogenic bacteria multiplication, stabilization and
colonization upto disease level inside the host.

Figure 1. Halo zone formation on the mannan rich plate (A). Phylogenetic tree showing maximum similarity of Microbacterium sp.
CIAB417 (KY953018.1) with Microbacterium oxydans strain B5 (DQ350825.1) (B).
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Figure 2. Identification of MOSs production from LBG by
crude mannanase from Microbacterium sp. CIAB417 (S1-
Mannose, S2-Standard manno-oligosaccharides)
M1-Mannose, M2-Mannobiose, M3-Mannotriose,
M4-Mannotetrose, M5-Mannopentose, M6-Mannohexose,
S-galactose, L1-L5: MOSs pattern from reactions of locust
bean gum.

Various bacterial and fungal species such as
Streptomyces sp., Vibrio sp., Bacillus subtilis,
Aeromonas hydrophila, Pseudomonas sp., Clostridium
tertium KT-5A, Themomonospora fusca, Trichoderma
reesel, Aspergillus niger, A. awamori and Sclerotium rolfsii
are reported to actively produce mannanase enzyme.
MOSs production from the commercially available
polysaccharides such as,locust bean gum and guar gum
using crude enzyme has been demonstrated. These
commercially available substrates are not economically
effective for manufacturing MOSs because of their high
cost. On the other hand 72% of the vegetables and fruits
in India are discarded due to their processing
unevenness, which revolve around 1.4% of total global
trade. Therefore present situation realizes that hydrolysis
of mannan-rich biomass for the production of MOSs
could be more viable on both economical and
environment sustainability grounds. Studies have
reported the effective utilization of copra meal, palm
kernel meal, spent coffee ground and potato peel waste
for the production of MOSs. In this regard, production of
mannooligosachharide (MOS) from agro-residues by
using mannanase producing Microbacterium sp.
CIAB417 was conducted.

Research Progress

Mannanases are ubiquitous enzymes and are being
explored for diverse industrial applications. In this study, a
novel bacterial strain Microbacterium sp. CIAB417 was
identified and characterized for extracellular production
of mannanase. Microbacterium sp. CIAB417was found to
produce maximum mannanase after 36 h of incubation at
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370C.Mannanase produced by the isolate was observed
for maximum activity at optimum pH of 6 and optimum
temperature of 500C. Crude mannanase was found to be
capable of producing mannooligosachharides (MOS) by
hydrolyzing hemicellulose from locust bean gum and
Aloe vera. The produced MOS was characterized and
found to be mixture of mannobiose to mannohexose
units. Mannanase was also explored for decolorization of
dyes. More than 40% of bromophenol blue
andcoomassie blue R-250 were observed to be
decolorized. Hence, the identified bacterial strain
producing mannanase could be of great significance for
applicationsin food and textile industry (Figs. 1 &2).

Salient Achievements

» Identified a potential bacterium Microbacterium sp.
CIAB417 for mannooligosachharides production from
agro-residues.

» The identified bacterium was thermotolerant and
acidophilic.

»lsolate was found to produce
mannooligosachharides (MOS) by hydrolyzing
hemicellulose from locust bean gum and Aloe vera

» Mannanase of the isolate was observed for efficient
dye decolorization.

D 02: Processing of agro-biomass for the
production of bacterial cellulose, rare and
functional sugars

Large amount of wastewater (liquid whey) emerges from
milk processing in dairies as well as small scale
producers of milk products, which form one of the largest
sources of industrial effluents. Thus, waste water and
organic residues produced from dairy production have
potential to be converted into products of large economic
value if the proper process technology is employed.
Whey is a major byproduct in the process of cheese,
paneer and Indian chhaina production. After separating
milk casein preparation whey is the liquid remaining
solution. In view of above, it is clear that since whey
contains multiple ingredients which need to be recovered
and/or transformed into value added products in an
integrated multi-modular fashion so that complete
resource recovery technology is created that can be
recruited by producers as appropriate for them from
choice, suitability, affordability, interest and other
perspectives of aims, economics and business. With this
perspective, process(es) has been standardized for
maximum recovery of value added ingredients as well as
transformation of other ingredients into high value
compounds. Additionally, other agro-biomasses are
also being explored for the production of rare and
functional sugars.
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Figure 3. Bacterial cellulose operon predicted in Acetobacter pasteurianus RSV-4. Topmost box in purple is the representative bcs
operon as reported in K. xylinus E25 reference strain. It consists of three core catalytic genes bcsA, besB and besC and four accessory
genes cmcAx, ccpAx, besD and bglAx. Orange box represents the homologs of these genes in Acetobacter genus (taxid:434) when
searched in NCBI database by BLAST analysis. Only few partial Acetobacter pasteurianus sequences deposited as bcsA in NCBI
showed homology. Next, represents the homologs of these genes in draft genome of Acetobacter pasteurianus RSV-4. No homolog for
any of these genes was found in the draft genome. Blue box represents the homologs in genome assembled with no depth filter.
Homologs for all the bcs operon genes were predicted with variable query coverage and identity. However, since these were partial
sequences, their orientation could not be confirmed. Last box represent the confirmed bcs operon genes through Sanger sequencing.
The orientation of these genes was similar to the reference K. xylinus E25 strain.

Research Progress

Recently, we have identified an Acetobacter pasteurianus
RSV-4 and reported to produce high tensile strength
bacterial cellulose. In order to globally understand its
genetic structure, a draft genome sequence of
Acetobacter pasteurianus RSV-4 was performed in the
present study. The assembled genome had 101 contigs
contributing to a total length of 3.8 Mbp. Predicted coding
DNA sequences were 3311, of which approximately 70%
were assigned the functions. Genome level phylogenetic
analysis revealed that RSV-4 belongs to A. pasteurianus.
Glycolysis was found to be incomplete in the genome
analysis of RSV-4, while the genes/enzymes involved in
pentose-phosphate pathway were present. The final draft
genome sequence lacked bacterial cellulose synthase
(bcs) operon. However, the presence of operon was
evident in raw genomic sequences by Sanger
sequencing. Therefore, presence of bcs operon in
Acetobacter pasteurianus RSV-4 has documented its
potential for bacterial cellulose production (Fig. 3&4).
Optimization of surface to volume ratio for bacterial
cellulose production was conducted. In static conditions,
the production of BC is dependent upon optimal aeration
of the culture medium that can be calculated by the ratio
surface to volume (S/V). In this study, 0.22 cm-1 was
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found to be the best S/V for given culture conditions of
relative humidity (RH) 65+5% and 100 count for microbes
(cfm) for the maximum production of BC. The BC
production occurred at the air-liquid interface because of
the higher oxygen availability. This implied that an
increase inthe S/Vratio has enhanced the BC production.
In present study, the 0.22 cm-1 S/V ratio was chosen
according to the highest BC productivity and the lowest
by-product formation (Table 1 &Fig. 5).

Bacterium produces bacterial cellulose by utilizing
glucose moiety of lactose (a disaccharide of glucose and
galactose) and the whey medium residual after bacterial
cellulose production that contains galactose was further
used to produce a high value rare sugar
(monosaccharide) with nearly zero calorie, D- tagatose
using native and immobilized recombinant L-arabinose
isomerase enzyme with more than 40% conversion rate.
To achieve one pot conversion of lactose to tagatose, a
dual enzyme metal-organic hybrid crystal was
constructed through self-assembling of manganese
phosphate embedded with B-galactosidase and L-
arabinose isomerase for facile synthesis of rare sugar D-
tagatose. Synthesised crystal like hierarchical system
(MNnHC@B-Gal+L-Al) was extensively characterized for
structural features and catalytic reactions (Fig. 6).
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Figure 4. Bacterial cellulose synthase complex predicted in Acetobacter pasteurianus RSV-4. bcsA and besB form the catalytic core of
bacterial cellulose synthase. bcsA is a transmembrane protein having catalytic site and a PilZ domain for activation via c-di-GMP. bcsB
is anchored to cytoplasmic membrane with a single C-terminal transmembrane helix (TMH). bcsC is reported to facilitate the transport
of glucan chains outside the cell by forming a transmembrane pore. bcsD is predicted to play an important role in crystallization of
cellulose while cmcAx or besZ is hypothesized to degrade individual glucan chains.

Figure 5. Production of bacterial cellulose in different size interconnected trays of total volume 120 L. Dimensions of two different sizes
of trays are shown at left side. Bacterial cellulose mat formed on whey medium in a tray (upper right) and wet bacterial cellulose mat
obtained from whey medium (lower right).
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(L) (cm?) thickness (cm) (g) concentration
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20+ 0.4 5500 0.17+0.002 2.611.2 116.4+ 2.2 5.8t1.2
25+ 0.5 5500 0.13+ 0.001 2.6+1.2 146.4%+ 2.6 5.8+1.2
30% 0.6 5500 0.11+ 0.001 1.8+1.2 156.8+ 2.3 5.2+1.2
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Table 1. Influence of S/V coefficient on the cellulose concentration in plastic tray of 100x55x16 cm

Medium volume  Surface S (cm?) S/V Membrane Dry membrane BC
(L) (cm?) thickness (cm) (g) concentration
(/L)
10+ 0.2 5500 0.33+0.02 1.5+1.2 56.2+ 1.5 5.6+ 1.2
15+ 0.4 5500 0.22+0.01 2.3%+1.2 84.5+1.8 5.6+ 1.2
20+ 0.4 5500 0.17+0.002 2.611.2 116.4+ 2.2 5.8t1.2
25+ 0.5 5500 0.13+ 0.001 2.6+1.2 146.4%+ 2.6 5.8+1.2
30% 0.6 5500 0.11+ 0.001 1.8+1.2 156.8+ 2.3 5.2+1.2

Figure 6. A dual enzyme metal hybrid crystal for the direct transformation of whey lactose into a high value rare sugar D-tagatose:
synthesis, characterization and a sustainable process.

Results indicated that upon immobilization onto hybrid
crystal, the activity of B-galactosidase and L-arabinose
isomerase was enhanced by a factor of 1.6 and 1.5 fold,
respectively. The developed MnHC@B-Gal+L-Al
exhibited an excellent efficiency with a net equilibrium
level conversion of low cost substrate whey lactose
(100%) into D-glucose (~50%), D-galactose (~25%) and
D-tagatose (~25%). In addition, the fabricated hybrid
crystals displayed cofactor regeneration ability.
Therefore, the developed hybrid system was observed to
be efficiently reused for more than 5 times in a batch level
conversion. Hence, the developed dual enzyme based
hybrid crystal provides a platform technology for the
direct transformation of whey lactose into rare sugar D-
tagatose.

Salient Achievements

» With the identified bacterial strain, 120 L scale process
of bacterial cellulose production was optimized for
surface to volume ratio for whey medium.
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» Whole genome sequencing of the identified
Acetobacter pasteurianus RSV-4 was performed and
unraveled the mechanism of bacterial cellulose
synthesis by the strain.

» Process of direct synthesis of tagatose from lactose
has been optimized by using the developed

» novel hybrid crystal consisting of two enzymes beta-
galactosidase and L-arabinose isomerase.

D 03: A novel D-allulose 3-epimerase for
epimerisation of D-fructose to D-allulose

Sweet biomolecules of reduced calorie and multifarious
health benefits are very demanding in the society. D-
allulose is a C-3 epimer of D-fructose. Itis a safe sugar of
GRAS status. In many reports its anti-diabetic and anti-
obesity potential have been demonstrated. Furthermore,
its anti-hyperlipidemic and neuroprotective effects have
also beenreported.
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Figure 7. A) SDS-PAGE and Native-Page analysis of DaeM (without NusA tag), expressed in B. subtilis. B) Whole-cell catalysis reaction
with 500 g/L D-Fructose. C) Whole-cell catalysis reaction with 700 g/L D-Fructose. D) Whole-cell catalysis reaction with D-Fructose
containing feedstocks. Values are mean of three replications =+ standard deviation.

The catalytic transformation of D-fructose to D-allulose is
executed by D-allulose 3-epimerase enzyme. To date, a
limited number of bacterial enzymes have been reported
for the production of D-allulose. Recently, we have
discovered and characterized a novel D-allulose 3-
epimerse (DaeM) from the metagenomics resource
generated from the sample of a hot-spring of extreme
temperature. This is the first report of a D-allulose 3-
epimerase from thermal spring metagenome. Enzyme
characterization suggests this enzyme, DaeM, to be the
most thermotolerant D-allulose 3-epimerase reported to
date.

Research Progress

The whole-cell catalysis reaction is considered as a
suitable method for biomolecule production as it avoids
the tedious process of extraction and purification of
enzyme. Whole-cell biocatalyst system protects the
biocatalyst, and thus, provides a greater stability.
Therefore, DaeM was expressed intracellularly in a safe-
grade microorganism, Bacillus subtilis. The transformed
B. subtilis cells were examined to contain DaeM protein
SDS page analysis of the cell extract (Fig. 7A). B. subtilis
cells were cultured in afermenter at 37 °C, 150 RPM for 24
h. The cells were harvested, washed, and resuspended in
25 mM Tris buffer (pH 7). The whole recombinant cells (40
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to 80 g/L wet cells) were employed to treat D-fructose in
500 g/L and 700 g/L concentrations. Whole-cell catalysis
reaction was performed in the presence of Co++ (1 mM)
at 60 "C. The whole-cell catalysis resulted the maximum
yield of 1560 mg/mL D-allulose from 500 g/L D-fructose,
i.e., about 30% conversion (Fig. 7B). In the case of 700
g/L D-Fructose, the yield of D-allulose was about 196 g/L
(Fig. 7C). The treatment of fructose containing samples
(apple juice, mixed fruit juice, and honey) resulted
conversion vyield of 26-32% D-allulose. The whole-cell
catalysis did not alter the concentration of sucrose and D-
Glucose inthese samples (Fig. 7D).

Recently, we have characterized a novel D-allulose
3-epimerase from a probiotic strain of Bacillus sp. At
amino acid level, the genes showed 31.92% to 74.29%
difference from the D-allulose 3-epimerases (DAE)
characterize for D-allulose production to date. The gene
was expressed in the Bacillus subtilis for enzyme
production. The whole recombinant cells were capable to
catalyze the transformation of D-fructose to D-allulose.
The enzyme can catalytically transform D-fructose to D-
allulose in a wide range of temperature (35°C -70°C) and
pH (5-11). The D-fructose to D-allulose bioconversion
yield of about 29% has been obtained under optimal
reaction condition. Further, enzyme characterization
experiments are in progress.
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Figure 8. Sweet Sorghum cultivars, SSV-84 (lane L1), SSV-74 (lane L2), Sudangrass hybrid (lane L3 to L6), CSH 22ss (lane L7 to L9)
and their stalk-juice. TLC showing oligosaccharides production in sweet sorghum juice by microbial processing. (Lm: L.

mesenteroides).

Salient Achievements

» The process of Bacillus subtilis based whole-cell
catalysis has been established for D-allulose
production from D-fructose and D-fructose containing
feedstocks.

D 04: Valorisation of sweet sorghum stalk
biomass into a functional beverage

Sweet sorghum has sugar-rich stalks. Its stalk biomass
contains about 75% juice, in which fermentable sugars
have been measured in the range of 12-23%, with a major
proportion (about 75%) sucrose. Therefore, it is
considered as an important feedstock for bioethanol
production. It has a shorter vegetative cycle of 90-130
days. It can be propagated by seeds, with relatively lesser
requirement of fertilizers and water. Its juice is rich in
phenolic and flavonoid compounds, which are known to
have antioxidant and anti-inflammatory properties. The
aim of the project is to convert the sucrose in juice into
prebiotic oligosaccharides. Thus, transformation of
sweet sorghum stalk juice into a functional beverage, rich
in prebiotic molecules.

Research Progress

The following four sweet sorghum cultivars were grown in
the experimental field of CIAB: CSH 22ss, Sudangrass
hybrid, SSV-74, and SSV-84. At maturity, the stalks were
harvested and subjected to a mechanical extractor for
juice. About 0.18 to 0.29 L juice per kg of stalk biomass
was obtained in the four cultivars. The juice was sterilized,
centrifuged, and filtered. Physico-chemical
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characterization of juice was done. The sugar
concentration was about 81-107 g/L in the juice, out of
which 68-81% was sucrose. The stalk-juice also
contained macronutrients minerals, e.g., potassium (95
to 103 mM), magnesium (14-15 mM), sodium (3-6 mM),
and calcium (1.4-1.8 mM). The micronutrient minerals
were also detected, e.g., zinc, iron, copper, and selenium.
The total phenolic content was in the range of 60 to 71 mg
gallic acid equivalent (GAE) per 100 grams of stalk juice.
The total flavonoid content was recorded as 35 to 57 mg
quercetin equivalent (QE) per 100 g juice. The ascorbic
acid contentwas 10to 12 mg per 100 g of juice.

Figure 9. Growth profile of Lactobacillus acidophilus and
Lactobacillus fermentum in oligosaccharides enriched sweet
sorghum juice (modified) and untreated sweet sorghum juice
(control). (Sweet sorghum cultivars- CSH 22ss, Sudangrass
hybrid, SSV-74 and SSV-84). Level of significance (p <0.05)
was studied for growth of probiotics in control and
oligosaccharide enriched sweet sorghum stalk juice.
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The lactic acid bacterial genus, Leuconostoc sp., is
largely considered as safe microorganism. It has a long
history of its use in dairy industry. We have processed the
juice with the bacterial strain, L. mesenteroides
MTCC10508. The juice was then centrifuged and
microfiltered to remove the bacterial cells. The growth of
this strain in sweet sorghum juice transformed sucrose
into glucooligosaccharides, in the presence of the
acceptor molecule, maltose. TLC and HPLC analyses
confirmed the production of 5-6 g/L malto-
glucooligosaccharides of 3-6 DP in the diluted sweet
sorghum juice, containing about 20 g /L sucrose (Fig. 8).

The juice was also processed with the double enzyme
(dextransucrase and dextranase) encapsulated system
in alginate-pectin beads. This resulted enhanced
production of oligosaccharides injuice, 15to 17 g/ L, of 3-
10 DP. This is due to synergistic action of dextransucrase
and dextranase. The antioxidant characteristic of the
processed sweet sorghum juice was recorded to be
more or less unaffected after microbial or enzymatic
processing. A significantly better growth of probiotic
strains was noted in the modified juice (Fig. 9). Moreover,
sensory parameters in the juice were not altered.

Salient Achievements

» Development of A process for valorisation of sweet
soghum stalk juice into a functional beverage of
prebiotic function.

D 05: A novel xylanase for
xyloolgosaccharide production from sweet
sorghum biomass

Xylan is the second most abundant agri-biomass derived

carbohydrate polymer. It is considered as a natural
source of functional xylooligosaccharides (XOS), which
are capable to enhance the gut microbiota. Xylanases are
crucial in catalysing the hydrolysis of xylan biomass into
XOS. Xylanases of GH10 family are known to exhibit a
better catalytic efficiency and wide range of xylan
biomass. Apart from this, xylanases have a great
application potential in various industrial sectors, e.g.,
food, beverages, feed, paper and pulp industries.
Xylanases with elevated thermal tolerance offer
advantage of increased rate of reaction, higher substrate
solubility, reduced chances of microbial contamination,
etc. However, most of the GH10 xylanases are unable to
tolerate more than 50° C temperature. Therefore, we have
explored the metagenomic resource generated from an
extreme temperature hot spring located in Surguja,
Chhatisgarh, for the discovery and characterization of a
novel GH10 xylanase, suitable for biomass processing
applications.

Research Progress

The extreme temperature hot spring metagenome was
mined for the identification of a novel GH10 xylanase
(XynM1). At nucleotide level, the gene did not show
match with any DNA fragment in the public nucleotide
database (NCBI NR). At protein level, it exhibited the
maximum identity of 44% with a GH10 xylanase
(AAA90913.1) from Thermotoga sp. strain FjiSS3-B.1. The
novel xylanase gene (xynM1) was expressed in the
heterologous host, E. coli, and the protein was purified
and biochemically characterized by using beechwood
xylan as substrate.

Figure 10. Biochemical properties of purified XynM1 protein. The SDS-PAGE analysis of purified XynM1 (a), effects of temperature and
pH on the enzyme's activity (b and c), effect of temperature on the enzyme's stability at pH 7 (d), and effect of pH on the enzyme's
stability at 25°C (e). Description of lanes in SDS PAGE: Lane 1- un-induced crude cell extract, Lane 2- crude cell extract after 8 h of
induction, Lane 3- crude cell extract after 16 h of induction, Lane 4- purified protein, and Lane M- protein marker.
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Figure 11. TLC analysis of xylan biomass hydrolyzed by
XynM1

The novel xylanase (XynM1) exhibited substantially high
(70-100%) catalytic activity in the temperature range of
60-80°C, with optimal activity at 80°C. The activity was
higher in the pH range of 6-8, with pH neutral as optimum.
XynM1 displayed the half-life of 6 h at 60°C, and 1.5 h at
70°C (Fig. 10). It showed substantially good tolerance to
salt condition, by retaining 50% of its initial activity in the
presence of 1-5 M NaCl.

The hydrolysis of beechwood xylan led to the
production of XOS 2-6 and higher DP HPLC analysis
estimated 24-32% XOS yield from 1% beechwood xylan.
The yield of XOS of the DP higher than 6 could not be
measured due to unresolved peaks. Xylan was extracted
from sweet sorghum stalk biomass. The extracted xylan
was characterized by FTIR. The yield of xylan from sweet
soghum baggase was estimated to be about 25%. The
xylan treated with the xylanase (XynM1) resulted XOS of
2-6 and higher DP. The estimated yield of XOS was 30%
from 1% sweet sorghum xylan. An enhanced probiotic
bacterial growth was recorded in the presence of XOS
biomolecules (Fig. 11).

Salient Achievements

» Development of a process for valorisation of sweet
sorghum stalk bagasse into a functional
xylooligosaccharide biomolecules of prebiotic
function.
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» Vashisht A, Thakur K, Kauldhar BS, Kumar V, Sudesh Kumar Yadav. 2019. Waste valorization: |dentification of an
ethanol tolerant bacterium Acetobacter pasteurianus SKYAA25 for acetic acid production from apple pomace. Sci
Total Environ. 690:956-964.

»  Purohit A, Kumar V, Chownk M, Sudesh Kumar Yadav. 2019. Processing-Independent Extracellular Production of
High Purity C-Phycocyanin from Spirulina platensis. ACS Biomaterials Science & Engineering 7: 3237-3245.

»  Barsain BL, Purohit A, Kumar A, Joshi R, Hallan V, Sudesh Kumar Yadav. 2020. PkGPPS.SSU interacts with two
PKGGPPS to form heteromeric GPPS in Picrorhiza kurrooa: Molecular insights into the picroside biosynthetic
pathway. Plant Physiology and Biochemistry. DOI: 10.1016/j.plaphy.2020.05.029.

»  Kumari A, Sudesh Kumar Yadav. 2019. Poly lactic acid-quercetin nanoformulation synthesized using Syzygium
cuminileaf extractimproves the shelf life of tomato at room temperature. Int. J. Postharvest Technol. Innov. 6:1-15.

» PPal,S.Kumar, M. M. Deviand S. Sarvanamurugan. 2020. 'Oxidation of 5-Hydroxymethylfurfural to 5-Formyl Furan-
2-Carboxylic Acid by Non-Precious Transition Metal Oxide Based Catalyst,'J. Supercrit. Fluid, 160, 104812.

» P Pal and S. Saravanamurugan. 2020. 'Heterostructured manganese catalysts for the selective oxidation of 5-
hydroxymethylfurfural to 2, 5-diformylfuran,' ChemCatChem 12, 2324.

» H.Li,C.Wang, Y. Xu, Z. Yu, S. Saravanamurugan, Z.Wu, S. Yang, R. Lugue. 2020. 'Heterogeneous (de)chlorination-
enabled control of reactivity in liquid-phase synthesis of furanic biofuel from cellulosic feedstock,' Green Chem. 22,
637.

» M. M. Devi, N. Aggarwal and S. Sarvanamurugan. 2020. 'Rice Straw: A Major Renewable Lignocellulosic Biomass
for Value-Added Carbonaceous Materials,' Current Green Chemistry, DOI
10.2174/2213346106666191127120259.

» M. Melian-Rodriguez, S. Saravanamurugan, S. Meier, S. Kegnaes and A. Riisager. 2019. 'Ru-catalyzed oxidative
cleavage of guaiacyl glycerol-B-guaiacyl ether - a representative p-O-4 lignin model compound,' Catalysts 9, 832.

» M. A Yatoo and S. Saravanamurugan. 2019. Tin Grafted on Modified Alumina-Catalysed Isomerisation of Glucose
to Fructose,' Appl. Cat. A: Gen., 582, 117094.
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> T 9, T, ., TH. TEHEH, T ST, TH. T 2019 S-S fohel v o IMIaueT ergg!-UHIHRH/HTSFTssIe o HTead & TH-
STGUIRTA A o FoTC Tk e Fefeah feretTaren e g IoahivT, o TH eeeere ohi. $511. 7, 10207

> Tt Sft, SHTSorRIT s, T o, WA STROH, T U TH 2019 WIS 8 §HE ScITa1 ohl T i o (T fohe] SeiT o 3eaTe oh e e,
S WIEH U SIS S, 56, 1575-1582

> T TR, ST TATH, ST 0, i 5. 2020 Wit sAreniia fefi sgea= i sifamse Sieriifoey o &9 3 ger 36 Tiedce-
-GS USie. ST 31T He faew iRt sft, 8, 260-269

> (S AT, 3T TATH, HIfHE S 2020 ISR o HTEAH § TTHT H AT oRRICH 3 BlRIsheicTicsh &HaT shi ST FHEAT: T2IH0T ST
AT SIS Ui TSl Ao oh I STehe Hedl ok, h-HIHE 6, 239-247

> e TH, 3T THTH, (S aTSUH, R AR, i St 2019 $Sifaftr fafia = femceir Semractasi i fer fom. s, e smer,
Thraitfrade s Tmopie e, veiea s asa de et 5, 3212-3227

> =T T, YRGS U, 4T TH, STk Sf. 2020 e, S kfe-s3caw 2Tsgisiet & STISRInT, 39: I T4, FAR T (TgH) fafi) difeme
ey A o R s, R, =W, 231-252

> i TE, WTETS TEeh, 1L 31T, ifires . 2020 fAfm-sger= wer amft sqwent o qereshior o e Ser famomerdrst! & &7 #, 37eam 8,
225-261, HUTGhI: SRIETUZ 37T, F3Tet T NIHATSA, TElTTE SIS 2t H 8- Torsareh ST1; ST shivshet Aramre: aTRime, S

> wn e, T uie, o e, A o, sfteft s 2019 @ ST H STar Hreeeieh o & H S1-feAH - H Ho e Uh O: IS s~ 8 Ufis o |1y
T ST T o ST, T e U S A ot SedTa. STRare oSt 293, 122105

> v pa, it e, o stecgantoram, sieft firsi, wwes arae 2019 wiehte & Seafed fafereier o ferwaror af qwifir 3 for srga stoegin e,
FTAEE STarst 291, 121931

> uw fie, we odlt, dtee o, wftst firs, S A, off stecqatoran 2019 foTdem e SR Frseieh Hahed ol forawer: BTet shi ST, FHtfaart 37K
HEAE, ST HT AT ITHHRH 36,2151

> St e, vt o, e Tt 2020 St ferTaese 3ea1a o fort Teh = arasT T a1t o 31 & Uk Tl Hiera i faeiwar 1 8 | weetse
OTSshiaTIci TSt ST ST Ic st 104: 4889-4901

> U UH, FHirer i, fig wardt 2020 Sfrera gafefers I e s foreia ST U o St fFHamd T ST <1-ueaist SeaTed o HeISHm 6 U
Tl S-TTATS 3T (. TATSS U THaRIHE e HTSshIaTatstt 86 (05), €02605-19

> FHTS, I O, Hiered ST, GHTeTH T, 618 <1, T U, fie vt 2018 fafeerm fenrers o artafees fonfveq e sere, o =
ST ST RTITeHe [Toarsti § HermTieh Siagfy. shiead s argshamieiis 10, 1744

> AT Ueh, STETe O, 7o Taed, fie Tt 20 19 sfiers g iR @ clene o shis-feeh araqor quid, ST ek 311 feer &t 18 endieror i
THT AT, ST ST HTShiamarstt 57, 900-909

> Il O, WA AU, Gt siew, i wadt 2019 Fhis Frewiad § STEHiss ScTed & Y STagHEshd A ST &
- HE- TR, ST U S aeera SSaftT 42 (10), 1681-1693

> AT Teteh, hiere Sit, fée Tadt 2019 Torte-grifer Sfiferm 5 o @ qe 1 iT STRTHT ST H3TTS STRUAT uh Sif foh ST 3 it
e Sagsgyoren fafafiq a8, wesfiuaaied 593, 2235-2249

> AT U, ARATTHIT Ueeh, T8 Tt 2019 Aot Stefy e o HeRTHI § U SU=ATH THTSA kst ST ohT [SRIVaT, ST Eshist s o
TS SCTa H SEeT ST, USTTEH TR ATSshIfoRIc SEIfTehT 131, 109372

> TATE STTrST S et AR 7 ST givehio. fEm Sehfd. 2019, HATSTHETT 978-981-15-0689-5, Heresh; fie wadt, Juteamy
THF, TS T, FALTE.
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» H. Wu, W. Dai, S. Saravanamurugan, H. Li, S. Yang. 2019. 'A quasi-catalytic solventless approach to N-
unprotected lactams via transfer hydro-amination/cyclization of bio-based keto acids,' ACS Sustainable Chem.
Eng., 7,10207.

» Singla G, Krishania M, Sandhu P Sangwan R. S, Panesar P S . 2019. Value addition of kinnow industry byproducts
for the preparation of fiber enriched extruded products, Journal of Food Science and Technology. 56, 1575-1582.

» Kaur R, Thakur NS, Chandna S, Bhaumik J. 2020. Development of agri-biomass based lignin derived zinc oxide
nanocomposites as promising UV protectant-cum-antimicrobial agents. Journal of Materials Chemistry B, 8, 260-
269.

» Reddy YN, Thakur NS, Bhaumik J. 2020. Harnessing the photocatalytic potential of polypyrroles in water through
nanointervension: synthesis and photophysical evaluation of biodegradable polypyrrolic nanoencapsulates,
ChemNanoMat 6, 239-247.

» Chandna S, Thakur NS, Reddy YN, Kaur R, Bhaumik J. 2019. Engineering lignin stabilized bimetallic
nanocomplexes: structure, mechanistic elucidation, antioxidant and antimicrobial potential. ACS Biomaterial
Science and Engineering 5, 3212-3227.

» ChandnaS, Bhardwaj SK, Paul S, Bhaumik J. Synthesis, and applications of lignin-derived hydrogels, In: Sharma
S., KumarA. 2020. (eds) Lignin. Springer Series on Polymer and Composite Materials. Springer, Cham, 231-252.

» Paul S, Bhardwaj SK, Kaur R, Bhaumik J. 2020. Lignin-derived hybrid materials as promising adsorbents for the
separation of pollutants, Chapter 8, 225-261, Editors: Chernyshova et al.; Multidisciplinary Advances in Efficient
Separation Processes, ACS Symposium Series; American Chemical Society: Washington, DC.

»  MSingh, N Pandey, P Dwivedi, V Kumar, BB Mishra. 2019. Production of xylose, levulinic acid, and lignin from spent
aromatic biomass with a recyclable Bregnsted acid synthesized from d-limonene as renewable feedstock from
citrus waste, Bioresource Technology 293, 122105.

» V Kumar, PP Sandhu, V Ahluwalia, BB Mishra, SK Yadav. 2019. Improved upstream processing for detoxification
and recovery of xylitol produced from corncob, Bioresource Technology 291, 121931.

» MSingh, S Devi, VS Rana, BB Mishra, J Kumar, V Ahluwalia. 2019. Delivery of phytochemicals by liposome cargos:
recent progress, challenges and opportunities, Journal of microencapsulation 36, 215.

» JoshiN, Sharma M, Singh S P 2020. Characterization of a novel xylanase from an extreme temperature hot spring
metagenome for xylooligosaccharide production, Applied Microbiology and Biotechnology 104:4889-4901.

» Patel S, Kaushal G, Singh S.P2020. A novel D-Allulose 3-epimerase gene from the metagenome of a thermal
aquatic habitat and D-Allulose production by Bacillus subtilis whole-cell catalysis. Applied and Environmental
Microbiology 86 (05), e02605-19.

»  Kumar J, Sharma N, Kaushal G, Samurailatpam S, Sahoo D, Rai AK, Singh S. P 2019. Metagenomic insights into
the taxonomic and functional features of Kinema, a traditional fermented soybean product of Sikkim Himalaya.
Frontiers in Microbiology 10, 1744.

» Narnoliya LK, Agarwal N, Patel S N, Singh S P 2019. Kinetic characterization of laccase from Bacillus atrophaeus,
and its potential injuice clarification in free and immobilized forms. Journal of Microbiology 57, 900-909.

» Sharma M, Sangwan RS, Khatkar BS, Singh SP 2019. Alginate-pectin co-encapsulation of dextransucrase and
dextranase for oligosaccharide production from sucrose feedstocks. Bioprocess and Biosystems Engineering 42
(10), 1681-1698.

» Narnoliya LK, Kaushal G, Singh SP 2019. Long non-coding RNAs and miRNAs regulating terpene and tartaric acid
biosynthesis in rose-scented geranium. FEBS Letters 593, 2235-2249.

» Agarwal N, Narnoliya LK, Singh SP 2019. Characterization of a novel amylosucrase gene from the metagenome of
a thermal aquatic habitat, and its use in turanose production from sucrose biomass. Enzyme and Microbial
Technology 131, 109372.

»  Molecular Approaches in Plant Biology and Environmental Challenges. Springer Nature. 2019. ISBN 978-981-15-
0689-5, Editors: Singh SE, Upadhyay SK, Pandey A, Kumar S.
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> FI, TH, W1, TH, 6, TH o ST THerTs, T8 2020 STeff ST H Tehist 3hi FR1et STae0T T -STHEeS STSHIHSSIR & AT &
FFITSTE TRT SHSTie U TS TafH & STl <ror. THu" 3T, 5 (5), 2406-2418|

> T ST, AT ST, ForTRaT STeetTad, H=1 WETe, HTead TRATHt 2020 "=1ae o 9 8 Heqel o] "= IHUT 6 3cTa o foTq STshaT ST
e TR IS 3T [oh AT TR TS e Tt Fof o foTe &TEiT fo, 3, 328-354

> AT AT, WIEd TRATHT 2020 "HTSShITRAT - Ao 31 ST fiTeh H9TaTil o foTe Ueh 8L aTg-3ed1a atet! S-SR st farfed ik
iy Sa Frenfirhr, 25, 1015801

> ToraTal 3 SAIBRaT 2019 STTaTia T § "I 3T tawer 31 Senfieht: Farem S e, Hist afoard & YRR fha S e e
TrerTeoT Tt o e e Y- STaRTe ST o o fares Sta-SefirehT 37 R RIeror H A TaT S T #, STHaT ST, Ao 31,
ST, T o

> Edh o foTT - sreiferat- e e Sefishl ST S5 Ted e & FehTiRTd foha ST T8 € J&deh 1 STER: "JeiH fhed 37
STeRfcieh A TfiTeh: ST SR GfEahIoT" AT AT * ST ST, SH5T, Foit =

> TRl T ST ST © g STTER HIge el qT3eL o forehrer o foTq ek sl wiHftfer ofit ek 3wt Ude a7raie €@ar201911017743

> ffia Asierd 3t 39 FrEfcrsh O & qedied S @i w0 & fg TF geuw, &l S 3=a IuST Ufsha, Ul AR we
201911011852

> TSR S AR STaTia &1 41q STaTss A= 6T GUatTess, T ST Biishefafeen TR o g, 4ee e
GEA1201811048498

> T AFETEE 3R T SiaETES  Icaed i Ul o @ fage sAavas dd i G # gur A ufw , 99T ee den
201611009275

> TR BIEFTEES HET AL TS, Uee STea §EaT201911037518
> e AT Hesit o U, el o el ST 37k 3Toh ST STERINT § T X[ Al HiS =T 6 Ica1e o FoTq Ueh WohaT, 371 3T oh1 ST, Uee

IATAET TEA1201611003411
> T ST 4 il T2 o Seared o e ush dlient & S sk g R A § U el 2189 1 gt shi o, YT e den
202011013475

o o ~

> W-delwc\dlsid(TﬂaT)#zdﬂldﬂ & e ues faftruen 99 SEECEERCICRIEREICIE)EIEED YT, Yee e EEa1201911030305

> T FAH & Wew] g TTgHsT i IS o dTel Wlie STAHTE o e (T S SRITEhiTiT o e ueh SR, Uée sAtee s
201911030029
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» Kumar, S, Sharma, S., Kansal, S. K., & Elumalai, S. 2020. Efficient Conversion of Glucose into Fructose via
Extraction-Assisted Isomerization Catalyzed by Endogenous Polyamine Spermine in the Aqueous Phase. ACS
omega, 5(5), 2406-2418.

» Manisha Thakur, Amita Sharma, Vishakha Ahlawat, Munna Bhattacharya, Saswata Goswami. 2020. “Process
optimization for the production of cellulose nanocrystals from rice straw derived a-cellulose” Materials Science for
Energy Technologies, 3, 328-354.

» Munna Bhattacharya, Saswata Goswami. 2020. “Microalgae — A green multi-product biorefinery for future
industrial prospects” Biocatalysis and Agricultural Biotechnology, 25, 101580.

»  From NanoforAgri 2019 based papers in the book "Agricultural and Environmental Nanotechnology: Innovations
and  Perspectives”, being published from Cambridge Publishers “Value Additive Strategies towards Secondary
Agro-waste utilization: The Contribution to Global Bioeconomy and Green Environment” Saswata Goswami, Amita
Sharma, Manisha Thakur, Anjana, Harshdeep Rana.

»  For the book - “Biopolymer-based nanofilm: Technology and applications” being published from Elsevier. Book
Chapter: “Pullulan films and natural compounds: applications and perspectives”. Saswata Goswami, Amita
Sharma, Anjana, Munna Bhattacharya.

Patents Filed/Granted

» A green strategy for the development of debittered dietary fibre rich edible powder from kinnow juice
industry waste and uses thereof, Patent File no. 201911017743.

> A Facile, green and high yielding process to synthesize lignin nanocarriers and evaluation of their
functional properties thereof, Patent File No. 201911011852.

> Agri-biomass derived lignin based green metal oxide nanocomposites for UV protective, antimicrobial
and photocatalytic applications, Patent File No. 201811048498.

> A Process of fragrance improvement of citronella essential oil by its enrichment with rose oxide and a
process of production of rose oxide and uses thereof, Patent File No. 201611009275, Patent Grant no.
323241,

Curcumin fortified whey protein powder, Application No. 201911037518.

A process for the production of nearly zero calorie sweet sugar from fruit or vegetable plants, plant parts
and their extracts and residues, and uses of the same, Patent File No. 201611003411, Patent Grant no.
333203.

> A method for the production of resistant starch from starch biomass employing a novel type-1
pullulanase from a hot spring metagenome, Patent File No. 202011013475.

>  Amethod for the production of gamma-aminobutyrate (GABA) using a novel glutamate decarboxylase
(GAD) gene, and uses thereof, Patent File No. 201911030305.

> A process for efficient retting and bioscouring of plant biomass employing a novel alkaline tolerant
pectate lyase, Patent File No. 201911030029.
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FEreeE fare! Siisiere -3y Y-t Sheteret o for s fetgee e et SaTEe o6 SETeHe Uftad oh ST &, Beait 21U,
ST (5.25 9T D€ HEH 3 feTU sIg T - ST TR (71 2020)

TSI ST fAfit ST -, it Scrreft, Tt -aeeTs aret A1t Seael-Tiiesh 1M, 60 T (INR), S5 w&fisdhd
(2020-2022)

S ST Y IATET ok Had SeaTe o foTT Y STIIST oh Cehlehd ST o fore forarer enfirsht wer (afism aameh 31 i,
Sugd, shiefres : 50 @)

THEARE T TR iR o 7ame uieismT (2017-2020): GHT-Tfbfees -Am8eh 3-UfuHtst o foehme o fore dide gshifatar eiit
S @ W, FFRITeHeh ScaTE ST H ST AJaH-%48.41 Tl

S afEISHT (2017-2019) SRT SASsfuaet-eisust wrfier afeisHr:Rifaery fenmer & S Semg arel & o = e i fopftaa
T YETH o HTES ohl SCaToH TR SRITcHe &0 S, ST e afeid ST foTeerd H hieliergge A o Ui o g st

AT o FerRIST ohl TE = | - % 43.0 ATl

SR ATRISHT (2017-2020):H1S el & FHTRATH 3CATE F SCATEH T Toh T G UhI0T| HTEH- £ 83.81 Tl

HTESh ToT2IeT foRUar SETehT oh H =0T & SI2IH TS oh STshaT T forehTH: ThTS ST Tk MT3ale [T, <iwTs, & 30 ST (TT+)
HE T et forshTer o foT =Teret o6 STarRIS ot STRNT (St FermTiiT siiare; SHefiel, Safiets & 4.23 )

ISTTT 26 o1 &1 H ATHIOT SITRITEsh AT S ST % (RBIAC) T HTHT: 1.6 1S SIefiel, SfiaTrats

STTe o HTEATHE Y/ GTer STETRT0T SErHt Heaeh ohl TTIHT: 2.3 IS aTeteh Sefidt, Siafetrs

TSI JeTa ST e 3T ST TonTfera st foshre 37 ST (RA-HTHT Sisiae Sie1el, TR 9 & 50 1)

e T Sl ST SR =Tae e He-3caTe T SATerehH Heaioh fohaT (—IE-HT T IS ST, SIS § 40 1)

STl IS : ST o SH 3T 311 Y-S HTH § Foef ol B oh SCATEH o 1T SR TehT T ForehTer ST AT | (T §hT; 4.5
FISE)

> THT IR TS o ST SciTe 3T ST 3o Siia o forw Srenfiiferat 1 Tamm R yewi (S, STRd Tt | 66 ARd)

STz % foTT Sreedm Srgshrafoafers: Uftre- Jehedt § W 319 ohT 9iiardH- A-TeRvI o T1e THehlcies fSratieised (sHieme
TSI 3k T&d THETE - SUad g w R (33 9rE)

T T ST o SHRTet A3 ST o o SoftF-rRITT SehTeT Esoiteh ~19h0r SHISATY, FTSHT o6 ded THgIL! - Sumel g &fishd
(44 ATE TR

ST T SFFHUT (SEISTT/ 2016/001237) - THSSAS (STTHE) 3T “Hed afid qINTeR Scutal o foTg foreit S Ser b wm-
USTTgHTea TERToT ” 24 AT, 2017 & I (45.42 ARG #9)|

STHE: Torme TS SIa §6 ST IeaTaT o S IeqTa o 170 3 ST oh Tehiehd sITATSIE T o o forere Serfireh! et et ot
409
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Extramural Grant and Funding details during 2019-20

» Consultancy Research Project entitled 'Selective Transformation of Biomass-Derived Glycolaldehyde to C4-Sugars
Resin-based Catalysts' with Haldor Topsoe, Denmark (5.25 Lakhs) — extended for six months - ongoing (March
2020).

» Agro-biomass derived lignin based low-cost, water-resistant, self-cleaning nanofilms. DST-Agrotech grant, 60 lakhs
(INR), budget sanctioned (2020-2022).

» BRICS Technology Platform for integrated bioprocessing of agriculture residues for eco sustainable production of
biofuels and by-products (Project Coordinator and PI; 50 lakhs from DST, Gol)

» Early Carrier Research Award project by SERB (2017-2020): Protein engineering and gene mining strategies for the
development of thermo-acidic D-psicose 3-epimerase, useful in generating functional products. Grant- Rs. 48.41
lakhs.

» IBSD-CIAB Partnership project by DBT (2017-2019): Structural and functional characterization of metagenome of
extreme niches and fermented foods of high altitude region of Sikkim Himalaya, and identification of biocatalysts for
transformation of carbohydrate and protein into value-added biomolecules. Grant- Rs. 43.0 lakhs.

» DBT project (2017-2020): A novel approach of production of functional product from sweet sorghum. Grant- Rs.
83.81 lakhs.

» Process Development of Carotenoids from the basic stage of Microbial Fermentation Technology”, Funded by By
Accord Life Spec Pvt. Ltd., Chennai, for Rs. 30 lakhs (Approx.), status approved.

» Utilization of Rice Residues for Value Added Product Development (CIAB Flagship Project; Rs. 4.23 Cr from DBT,
Gol).

» Setting up of rural biotech innovation and application centre (RBIAC) in Kandi area of Punjab (Rs. 1.6 Cr DBT, Gol).

» Setting up of Secondary Agriculture/ Food Processing Entrepreneurial Network in Punjab (Rs. 2.3 Cr from BIRAC,
DBT, GOI).

» Development and optimization of fresh produce supply chain and storage systems (Newton-Bhabha Project Rs. 50
lakhs from DBT, GOI).

» Enhanced rice milling and maximised valorisation of rice milling co-product (Newton-Bhabha Project Rs. 40 lakhs
from BDT, GOI).

» Indo-Sweden project on Development and validation of technology for production of high energy density biocoal
fromrice straw and other agri-biomasses. (Govt of India; Rs. 4.5 Cr).

» Innovation and demonstration of technologies for improved production and enhanced shelf life of tomato and onion
(Rs. 66 lakhs from DBT, GOI).

» A project entitled Transformation of agro residue into downstream dicarboxylic acid —precursor for bioplastics- with
nanoparticle encapsulated zeolites has been sanctioned by SERB-DST under ECRA Scheme (Rs. 33 Lakhs).

» Engineering Photosynthetic Nanopigments for Efficient Valorization of Lignocellulosic Biomass funded by SERB-
DST under ECRA Scheme (Rs. 44 Lakhs).

» Early Carrier Research (ECR/2016/001237) - SERB (DST) grant on “Chemo-Enzymatic Processing of Kinnow Juice
Industry for Value Added Nutritional Products” started from 24 March, 2017 (Rs. 45.42 lakhs).

» DST. BRICS project: BRICS technology platform for integrated bioprocessing of agricultural residues for
ecosustainable production of biofuels and by-products Total budget: Rs. 40 lakhs.
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> 11-13 T8, 20195 SO STl HigTedt 8 "SI Tae CaTe s (TS 2019) H TR U2 ST T T

> 13-16 3R, 2019 o S HISATSTSH, HieTelT (HATSTS-8eT 2019) H "ATEATHE Y SRR T HRIRITCAT 7 SRS fohm ]

> 7-9 STTE, 2019 o SR HIHATSTSH, TTSHATS S TTSTSUHISTA, WA SR 6T & H F TR IATS T H FqHI T T8 T FHIETTeT
EAkCIpIEEaCRIRIDI

> 187, 2019 T SIS 3 NABI, AIRTeT SR HITh & Tid 2019 SR FAT Ao SET T SRS fohT 71|
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Events

> Organized Conference on “Innovations in Bioprocess Technology (IBT 2019)” at CIAB Mohali during 11-13 December,
2019.

> Organized Workshop on “Secondary Agriculture and Bioprocessing” at CIAB, Mohali (CIAB-SAB2019) during 13-16
October, 2019.

» Organized a Workshop on Current Trends in Food Biotechnology jointly by CIAB, NABI and NIFTEM, Sonepat during
August 7-9, 2019.

> Organized Chintan 2019 and Young Scientist Symposium jointly by CIAB and NABI, Mohalion Nov. 18-19, 2019.
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> <. TH. T h ST, TATEror ST o o o STauigie Semiet ohT el ST TTT, Wi (2020)
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Awards

»

>

»

»

»

>

Dr. S. Saravanamurugan was elected as a Fellow of International Society for Energy, Environment and Sustainability,
India (2020).

Ms. Priyanka Pal, Dr. S. Saravanamurugan, received the best oral presentation award in the 'International Conference on
Emerging Trends in Catalysis' held at Vellore Institute of Technology, Vellore during 6-8 January 2020.

Sh. Sahil Kumar, a student of Dr. S. Saravanamurugan, received the best poster presentation award in the National
Workshop on Catalysis for Clean Energy and Safe Environment held at Panjab University, Chandigarh on November 16,
2019.

Oral talk in International Carbohydrate Conference CARBO-XXXIV at Department of Chemistry, University of Lucknow,
Lucknow, 5-7 December 2019.

The research work on D-allulose by the CIAB team, Mr. Satya Narayan Patel and Dr. Sudhir P Singh, received Gandhian
Young Technological Innovation Award by Society for Research and Initiatives for Sustainable Technologies and
Institutions, India.

Dr. Saswata Goswami awarded the membership of American Institute of Chemical Engineering (AIChE).

Sandeep Kumar received the second prize in the 13" Chandigarh Science Congress on “Science and Technology for
New India” organized by Panjab university, Chandigarh in collaboration with Chandigarh Region Innovation and
Knowledge Cluster (CRIKC) on 13-15 March, 2019.

The Ph.D. student, Mr. Satya Narayan Patel, received Anna University-Centre for Biotechnology (AU-CBT) Excellence
Award by Biotech Research Society, India.

Invited Talks

>

Dr. S. Saravanamurugan delivered a talk entitled 'High-Value Platform Chemicals from Sugars with Solid Catalysts:
Crucial Role of Acid Sites' in the International Conference on Emerging Trends in Catalysis in Vellore Institute of
Technology, Vellore, India during January 6-8, 2020.

Dr. S. Saravanamurugan delivered a talk entitled 'Renewable Platform Chemicals from Sugars with Solid Catalysts: Role
of Acid Sites' in the National Conference Innovations in Bioprocess Technology (IBT-2019) in Center of Innovative and
Applied Bioprocessing during December 11-13, 2019.

Dr. S. Saravanamurugan deliver a talk entitled 'Catalytic conversion of carbohydrates to high-value products' in the
National Workshop on Catalysis for Clean Energy and Safe Environment (CCESE-2019) in Panjab University,
Chandigarh on 16 November, 2019.

Dr. S. Saravanamurugan deliver a talk entitled 'Catalytic Transformation of Biomass-Derived Substrates to Value-Added
Products' in the 1st CRIKC Chemistry Symposium (CCS 2019) in Indian Institute Science Education and Research
Mohali, India during 2-3 November, 2019.

Invited speaker and chair the session in SLITECON conference organized by SLITE, Logowal at NITTR Chandigarh,
2019.

Dr. Jayeeta Bhaumik delivered a lecture on'Harnessing the potential of agri-biomass-based lignin via its conversion into
functional nanomaterials' at 'Innovations in Bioprocess Technology (IBT) 2019 held in CIAB and NABI from December
11-13,2019.

Dr. Jayeeta Bhaumik delivered a lecture on'Harnessing the potential of agri-biomass-based lignin via its conversion into
functional nanomaterials' at 3rd International Conference on Nanobiotechnology for Agriculture - NANOFORAGRI
2019@GlobalBiolndia, New Delhi Aerocity on November 21-22, 2019.

Dr. Jayeeta Bhaumik delivered a lecture on 'Agri-biomass based lignin valorization through the formation of functional
nanomaterials and their applications — an approach towards 'waste to best"at SERB and ISCA sponsored conference
entitled 'International Conference on Impacts of Innovations in Science and Technology for Societal Development
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>

>

(IISTSD- 2019) co-organized by Kongunadu Arts and Science College (Coimbatore) and Mahasarakham University

(Thailand) in Coimbatore, Tamil Nadu from September 19-21, 2019.

Dr. Jayeeta Bhaumik delivered a lecture on 'Development of functional nanomaterials from agri-biomass derived lignin'
at 1st CRIKC Chemistry Symposium (CCS-2019) at IISER Mohali on November 2, 2019.

Dr. Sudhir P Singh delivered an invited talk in the 4th International Conference on Alternative Fuels, Energy and
Environment (ICAFEE): Future and Challenges. Feng Chia University, Taichung, Taiwan 18-21, Oct 2019, as a keynote
speaker.

Dr. Sudhir P Singh delivered an invited talk in the National Conference on Recent Advances in Biotechnology:
Innovations in Agriculture, Food-Tech and Human Health (BioMilaap- 2019) 05 -06th November, 2019.

Invited lectures in NANOFORAGRI 2019, 21-23 NOVEMBER2019 at Aerocity, New Delhi Topics: “Value Addition of
Lignocellulosic Biomass Towards Environment Protection: Current Trends and Future Prospects”

Invited lecture at National Conference on Innovations in Bioprocess Technology (Ibt-2019): NABI, Mohali, on
December 11,2019, Topic: “Waste to Wealth: The New Global Bio Economy”

Conference/ workshop/seminar/training

>

>

Y

Sasikumar Elumalai delivered lecture in the workshop on Secondary Agriculture and Bioprocessing held at CIAB,
Mohali during 13-16 October 2019.

P Pal and S. Saravanamurugan, 'Catalytic production of 2, 5-diformyl furan (DFF) from biomass-derived 5-
hydroxymethylfurfural (5-HMF) using non precious metal oxide' in the National Symposium on 1st CRICK Chemistry
Symposium (CCS-2019) in Indian Institute of Science and Research (IISER) Mohali, Punjab during 2-3 November,
2019.

Nominated as a delegate to attend Punjab Innovation and Technology Summit, November 5, 2019, Chandigarh.

P Paland S. Saravanamurugan, 'Catalytic transformation of biomass derived 2, 5-hydroxymethyl furfural to 2,5 diformyl
furan using non precious metal oxide" in National workshop on Catalysis for Clean Energy and Safe Environment in
Panjab University, Chandigarh during 16 November 2019.

S. Kumar, S. K. Kansal and S. Saravanamurugan 'Phase dependent activity of zirconium oxide for hydrogenation of
ethyl levulinate to gamma valerolactone in isopropanol,' products' in the National Workshop on Catalysis for Clean
Energy and Safe Environment (CCESE-2019) in Panjab University, Chandigarh on 16 November, 2019.

Co-Coordinator, Chintan 2019, Young Scientists' Symposium organized by NABI-CIAB, Mohali, November 18-19,
2019.

P Paland S. Saravanamurugan, 'Selective oxidation of biomass-derived 5-hydroxymethyl furfural to 2,5- diformyl furan
using non-precious metal oxide catalyst” in the International Conference on New horizons in Biotechnology (NHBT-
2019) in CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), Thiruvananthapuram, India
during 19-24 November, 2019.

S. Kumar, S. K. Kansal and S. Saravanamurugan, “Hydrogenation of biomass derived aldehydes to respective
alcohols using zirconium oxide” in the International Conference on New horizons in Biotechnology (NHBT-2019) in
CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), Thiruvananthapuram, India during 19-24
November, 2019.

Shushil K Rai and Sudesh Kumar Yadav. 2019. “Equilibrium level conversion of D-Galactose into D-Tagatose via a
recyclable nanobiocatalyst” in an International conference of New Horizons in Biotechnology (NHBT 2019) held in
Thiruvananthapuram, India on 20-24" November 2019.

Nominated as a delegate to attend NANOFORAGRI 2019@GlobalBiolndia, New Delhi Aerocity, November 21-22,
2019.

189



CIAB Annual Report 2019-20

> Y. U 3R T, FAHTETH, STHTE -5 cT 5- 8T8 (e TS WIS § Scoieh ST ahtor T shiwelt firf3r e sAernss ol o 3o
A B, Tl ST ST SR (SATSUSH), AT, TR H 11 3 SR SR SIS (TSN 2019) HFATa 0 s - g
T 11-13 fager, 20191

> TH. FHR, TH.. Hidel 37 TH. Feqe, "Het 371 FHafed ie Transe ST (ehemsus), sercft, ara # 11- 13 fegaw, 2019 %
A RIS STttt (STTSEeT 2019) F FaTa € TR S H ST S T Tieceie i 7T Sericiae ™ o ST3g S R0 &
o R ha shee

> T e, for1e FAR S GawT FAR A16d, 20196 76 Gl U TTss SRR (Hesus), dered # 11-13 fedaw 2019 @
ST SRS SIS (TSR -2019) H AT T ST T T ST oh W1 oI et St ToT 3cTa o oAU Wt st 3o

> Ul 8 SR FaxT FAR AEd, 2019, 11-13 FeH 2019 i HeX ST G U TAT5S SRTHIHT (HATSTs) § SRS =y
THTATSH (TSN -2019) F TR TEHAT H "W e 3T ek 1ok shT ST e HgT T ohl Tohet Wfsha"|

> SHfeTeiet Icure o foTu Wit Hif3Tertett o1 feerienton| HeX 3T Hiafed Ue TraTge SrRia T (HieTsus), At & 11-13 Her 2019 9
"SI S STATI S ST St (TS -2019) TR H|

> EET I, forTE FHR 3 R FARATEE, 2019, FEHSTE HT IcTa e ATt TSI oh STERTIE S EHIHT| et ST ST U TTss
SRR (Efemrsush), AeretH 11-13 feds 2019 & SRS "SHasiE ST SRy aE Sieis (JATSeet -2019)" geier 1|

> e Il 37 e FHR AT, "He AT S 1S UTss A (s, dreredt 7 11-13 fodet & St s et

o~

(ST -2019) H TR TSR Arer o feet =19 (ATege S I) & Her afdd Sctal sl ageft o Tt wehiehd SeeshtT| 20191

<

> T FAR, A qed 3 gaer FAR AT, 2019,11-13 Tawm 2019 & HeX T FHIafea U Telge SEdiaiiT (Hiemsust) § s
"SI ARSI (HATSEIET -2019) H TaT=T" O T Trer § "o STATSe e ST goft et gfishior o wreem & wrgefor e e &

3cqTeT o fampr SR st

> I I, THHTrRT S, TR oh T S IR FHR AT, 2019, 11-13 TG 2019 § "Het 3T IS U8 U138 ST (Hsrsesh),
HreTel & ST STRTee SISt (TS -2019) H TaT= 0t Ui Trier 3 &) - eterdist ohi &1 - Saier § 21 - 2T o6 & | et
L o feTe Eher afsham|

> STt qUfea ST ot HHR ATed, 2019,11-13 FEHER 2019 & HeX T T U T3S STASEIET (HATSUs) # STRISa "srmsed

SIS (T -2019) H AR T hi=hd § "TH-STRIHTE & ST TS S Scq1e o foTq ST STTemfed Sfsha & Fam=rm) "

> YRITe o TR ST G TR ATEH, 2019, "3 T Tois <A1 SI-STEIST o Hu0r o Fo 0ok A araiieeiee i1 forshre 3 aweqor avi 11-13

TSI 20 19 T T o HIETeA H SRS TS STt (ST 20 19) H AT o Ueh TS ST H e TR T o]

> gefiedt. fig T 11-13 fawiar, 2019 i AveTet 3 et -8 1 feord Hex AT g ed te TiTgs S IaiiT ST 3 ST e Sa ettt "7

ST TSI Aot | ST e

> Y. T, T, FHR, TH. TH. <ol ST T HRIETHEH, 6-8 STHa 2020 % S0 S SEIZIe 31t Sttt (AT, TR § sheTfet o (st
-2020) H I FH W U T H "SIRIHTE-55cT 5-T53 AT THeTsel WTRTet sh1 ST T shiwpelt fHfer eq Siierss Sore o

TR 0T ICUTE ST ScdTE" |

190



CIAB Annual Report 2019-20

» Shushil K Rai and Sudesh Kumar Yadav. 2019. “Cascade biocatalysis: a recyclable dual enzyme nanoflower mediated
biotransformation of whey into D-Tagatose” in an International conference of Sustainable Energy and Environment
Challenges (SEEC 2019) held in Nagpur, India on 27-29" November 2019.

» P Pal and S. Saravanamurugan, Catalytic oxidation of from biomass-derived 5-hydroxymethy! furfural using non
precious mixed metal oxide catalyst, in the national conference on'Innovations in Bioprocess Technology (IBT 2019)' at
Center of Innovative and Applied Bioprocessing (CIAB), Mohali, India during 11-13 December, 2019.

» S.Kumar, S. K. Kansal and S. Saravanamurugan, “Crystal face effects of zirconium oxide for hydrogenation of biomass
derived ethyl levulinate to gamma valerolactone” in the national conference on 'Innovations in Bioprocess Technology
(IBT2019)' at Center of Innovative and Applied Bioprocessing (CIAB), Mohali, India during 11-13 December, 2019.

» Mehak Kamboj, Vinod Kumar and Sudesh Kumar Yadav. 2019. "Complete Utilization of Whey for Bacterial Cellulose
Production along with its various Applications" in the Conference on "Innovations in Bioprocess Technology (IBT-2019)"
held at Centre of Innovative and Applied Bioprocessing (CIAB), Mohali from 11-13" December 2019.

» Aishwarya Singh and Sudesh Kumar Yadav. 2019. “Scale up process of whey protein using membrane filtration
technique” in the Conference on "Innovations in Bioprocess Technology (IBT2019)" held at Centre of Innovative and
Applied Bioprocessing (CIAB), Mohalifrom 11-13" December 2019.

» Payal Guleria, Vinod Kumar and Sudesh Kumar Yadav. 2019. Immobilization of yeast cells for xylitol production. in the
Conference on 'Innovations in Bioprocess Technology (IBT-2019)" held at Centre of Innovative and Applied
Bioprocessing (CIAB), Mohalifrom 11-13" December 2019.

» Sundeep Kaur, Vinod Kumar and Sudesh Kumar Yadav. 2019. Isolation and screening of xylitol producing
microorganism. in the Conference on "Innovations in Bioprocess Technology (IBT2019)" held at Centre of Innovative
and Applied Bioprocessing (CIAB), Mohalifrom 11-13" December 2019.

» Neha Sharma and Sudesh Kumar Yadav. Poster on "Integrated processing for value added products recovery from Hill
lemon (Citrus Pseudolimon)" in the National Conference on "Innovations in Bioprocess Technology (IBT-2019)" held at
Centre of Innovative and Applied Bioprocessing (CIAB), Mohali from 11-13" December 2019.

» Varun Kumar, Anjali Purohit and Sudesh Kumar Yadav. 2019. “Value added products development from spirulina
platensis through bioprocessing and engineering approaches” in the National Conference on "Innovations in
Bioprocess Technology (IBT-2019)" held at Centre of Innovative and Applied Bioprocessing (CIAB), Mohali from 11-13"
December2019.

> Harpreet Kaur, Geetika Jain, Shushil K Rai and Sudesh Kumar Yadav. 2019. “Scale up process for conversion of D-
Galactose into D- Tagatose using L-Arabinose isomerase” in the National Conference on "Innovations in Bioprocess
Technology (IBT-2019)" held at Centre of Innovative and Applied Bioprocessing (CIAB), Mohali from 11-13th December
2019.

> Anijali Purohit and Sudesh Kumar Yadav. 2019. "Innovations in Enzyme Based Process for Oligosaccharides Production
from Agri-Biomass" in the National Conference on "Innovations in Bioprocess Technology (IBT-2019)" held at Centre of
Innovative and Applied Bioprocessing (CIAB), Mohali from 11-13" December 2019.

» Shushil K Rai and Sudesh Kumar Yadav. 2019. “Development and characterization of a nanobiocatalyst for the
synthesis of high value rare sugar D-Tagatose” was presented in a National conference of Innovations in bioprocess
technology (IBT 2019) held in Mohali, India on 11-13" December 2019.

> Sudhir P Singh delivered the invited lecture in the National conference on 'Innovations in Bioprocess Technology' at
Center of Innovative and Applied Bioprocessing, Sector-81, Mohali, 11-13" December 2019.

> P Pal, S. Kumar, M. M. Devi and S. Saravanamurugan, “Production of oxidized product from biomass-derived 5-
hydroxymethy! furfural using non precious mixed metal oxide catalyst” in the International Conference on Emerging
Trends in Catalysis (ETC-2020) in Vellore Institute of Technology (VIT), Vellore, India during 6-8 January 2020.
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» S. Kumar, S. K. Kansal and S. Saravanamurugan, “Hydrogenation of biomass derived aldehydes to respective
alcohols using zirconium oxide under greener conditions” in International Conference on Emerging Trends in Catalysis

(ETC-2020) in Vellore Institute of Technology (VIT) during January 6-8, 2020.

» Training entitled on “hands on training programme for biopharmaceutical product development”, with Module 1:
Downstream Process, Purification and Formulation”, for biopharmaceutical/ Nutraceuticals/ speciality products
development processes, at ICT Mumbai, 3 Feb 2020 to 7" Feb 2020.

Exhibition
» Mega Science, Technology and Industrial Expo-2019, IISF, Kolkata, 5" Nov -8" Nov, 2019.
» Exhibition of Technology in Food Processing-2019, Delhi (Organized by CSIR and Cll)- 13" Nov, 2019.
> Global Bio-India-2019 (Organized by DBT and BIRAC at Delhi) -21* to 23 Nov, 2019.
> Progressive Punjab -2019 at ISB, Mohali (Organized by Govt. of Punjab)- 23 Dec, 2019.
» Punjab Innovation & Technology Summit on 5" Nov. 2019 at Chandigarh.
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AN T 22-23 TG, 202R 3 S TG I TEHEE SIS (SN2 04 R) T Teh TT GRS T SIS foRT]

CIAB organized a national conference on Innovations in Bioprocess Technology (IBT-2019)
during 11-13 December, 2019

HISATETS 7 ¢ 3-28 ITFTR, 0%% Tl ATEATH H1Y SR AATIEET (SHATSTS-H 202 %) T T FHRIITAT ST 11
CIAB conducted a workshop on Secondary Agriculture and Bioprocessing (CIAB-SAB-2019) 13-16 October, 2019

HTSUSlt 3 STee TR Neafores Iewt o 7w ST, eI % Arer gREiar o T akder Ry

CIAB Signed MoU with IHBT, Palampur for research and academic purposes
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ISR 7 2¢-03-2 020 I TS Tz feare wamam|
CIAB celebrated National Science Day on 28 February 2020

AT STeTd G WA i 8 i oh o S FHTH bt STl

CIAB brings green solution to stubble burning menace

Q& JTFZAT 0% i fobe WTer foard THRIE AT 7T
World Food Day Celebrations on 16" October 2019
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Hrarsusf I et 3N fremseeE grr st 3 St qrRd-20 4R § 9T form
CIAB participated in Global Bio India-2019 organised by the DBT and BIRAC

HIATSTST 3 Ty SHERTT | iRt st geei=i" § omT form
CIAB participated in "Exhibition of Technologies in Food Processing"

HIATSUS T ATEATETATH-R 0 4R T TG I Aeh{1ehT b1 TeTi fehamm|

CIAB showcased its research technologies in [ISF 2019
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CIAB in Public Communication Media




CIAB Annual Report 2019-20

NABI-CIAB A&7 STt o T 8L T7 o1 &t T 2
&1 o 3T I B SAE At H G o (oAU TR, Fomeht ST Sitames $b o forshed o &9 7 foram ST wehat 2
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T U ST o SHEERT 6 (HSATSUet) 3 e - Sa-sienfieht weem () %
T dcardT #§ TSR fag feaw 2020 it fom 7 Afeard: forwr 3 |rer 3¢ et i HeAwE T

2. wH. Fate i deeet S gt R ot | €-¢ e R030 % SN TR Wi
HEAT, é_c'ﬁ'{'ﬁ?::i'@ﬁ?f mﬁmmmm@ﬁaaﬁm T T2 Hifae Tfd TR
PIRRED
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