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ioprocessing of
secondary
agriculture produce

is an eco-friendly
mechanism of
environmental protection
and value addition for
additional economic gain
to the farmers and
entrepreneurs. Keeping
this in mind, Center of
Innovative and Applied
Bioprocessing (CIAB) is
continuously working
towards value addition to
primary and secondary
agriculture produce
through bioprocessing.
CIAB's focus is to identify
gaps in the research areas
of secondary agriculture
and bioprocessing as well
as to provide solutions
through innovative
technologies. In this effort,
the institute is working on

four major R & D
programmes: (i) Value
addition to primary

processing residue/wastes
for edible products, (i)
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.

I am happy to share that
during the year under
report, CIAB has filed ten
patents and published
more than thirty research
publications in high impact
peer-reviewed journals.
Institute has received
several competitive
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research grants from
various funding agencies
during the past one year. In
addition to the core
research projects, the
institute is working on
many DBT and BIRAC
funded national and
international projects in
collaborations with other
institutes and the industries.

We have been working
on various research
projects for the past few
years. During this year, the
most significant work
includes the production of
bacterial cellulose on
various agro-residues by
using our own proprietary
bacterium Acetobacter
pasteurianus RSV-4. A
significant yield of bacterial
cellulose was obtained
using fomato juice. We
have developed functional
composite coatings using
various natural agro-
biomass containing starch
to improve shelf life of
tomatoes. We have also
developed a ftomato-based
nutritional beverage and
investigated the effect of
thermal and non-thermal
processing on the quality of
the beverage. ACP
processing was found to
retain the maximum
ascorbic acid and better
quality of the developed
beverage. A recombinant
enzyme (TrLmLEVS) was
produced from a truncated
Levansucrase gene
(LmLEVS) of Leuconostoc
mesenteroides. TrLmLEVS
was employed for the
genesis of non-digestible
fructans from sucrose-
containing feedstocks like
table sugar, jaggery, cane

Center of Innovative and Applied Bioprocessing

“Exploring potential of secondary
agriculture biomass for value added
products and providing support to
entrepreneurship through innovations”

Dr. T. R. Sharma

Chief Executive Officer,
Center of Innovative and Applied Bioprocessing (CIAB)
Mohali, Punjab
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molasses, and sweet sorghum juice. A new flavone GB and all the members of the GB for their valuable
3,5,7-trihydroxy-2-(4'-hydroxy-3'-isopentyloxyphenyl- suggestions in shaping various research programmes of
4H-chromen-4-one (5) was isolated from seeds of Aegle the institute. | am also grateful to Dr. J S Yadav, former
marmelos. We have explored the use of lignin as a Chairman, Scientific Advisory Committee (SAC) and Dr.
matrix to synthesize silver-gold bimetallic and V. Prakash Chairman SAC and all the members of the
monometallic nanocomplexes for potential antioxidant SAC for their guidance and intellectual inputs which
and antimicrobial applications. have helped in evolving and focusing the research plans
An energy-efficient process has been developed for and activities of the Institute.

preparation of nanocellulose from rice straw with least | personally acknowledge the support and
lignin content. A two-step approach viz., organosolv cooperation received from Sh B. Anand, Financial
pretreatment followed by base treatment has been used Advisor, and Shri. C.P Goyal, Joint Secretary, DBT in
to recover silica-removed cellulose from rice straw. A various financial and administrative matters. | would like
process has been optimized for glucose conversion to place on record my sincere thanks to Dr. Mohd.
towards levulinic acid through homogeneous catalysis. Aslam, Advisor, DBT and Dr. A. Vamsi Krishna, Scientist E
A process has also been standardized for enhanced (Food and Nutrition), DBT for their support and
recovery of lignin through conventional green solvent cooperation in running all the activities of the institutes
isolation technique. A process has been developed for and providing a very strong link between DBT and the
the removal of unpleasant odour and taste of corn institute.

gluten meal. Co-enzymatic treatment process has been | really appreciate the efforts and achievements of
optimized for debittering and retaining high content of my scientists, staff, and students that are reflected in this
dietary fiber in kinnow pulp residue and kinnow pomace annual report for the year 2018-19. My special thanks
During 2018-19, CIAB has licensed two technologies to are due to Dr. Sudesh Kumar, Dr. Sasikumar Elumalai,
the industries; i) tomato-based carbonated beverage Dr. Jayeeta Bhaumik, Dr. Sudhir P Singh, and Mr. Aman
and spice mix/ seasoning, and ii) Iron-fortified turmeric Sethi for their help in compiling and editing of the annual
as a value-added product for improving iron nutrition. report. | thank all my colleagues at CIAB who have
Institute has signed a non-disclosure agreement with worked sincerely for the growth and development of
industry for a process technology on polypyrrolic CIAB in their respective roles and responsibilities.

compounds and nanoformulations.
Under Human Resource Development programme,

CIAB has started the first batch of PhD program in .
Biotechnology with Regional Centre for Biotechnology

(RCB), Faridabad besides having other PhD students

working on various aspects of Biotechnology and 2;.'T%E.Shc'lrm(;ﬁ'
Bioprocessing. The institute celebrated various events of et Executive Otricer . o .
. . . . Center of Innovative and Applied Bioprocessing (CIAB)
national importance with great enthusiasm such as . .
Mohali, Punjab

National Science Day, Technology Day, Rashiriya
Swachhta Diwas, Republic Day, Hindi Pakhwara,
Vigilance Awareness Week, etc. The institute has also
participated in National Science Congress and 1ISF-
2018 at Lucknow. Institute also conducted open day for
school and college students, public lectures, and
seminars. CIAB hosted a SAARC countries delegation
and interacted with them on the technological platform.

| would like to express my sincere gratitude to Dr.
HarshVardhan ji, Honorable Minister of Health and
family welfare, Science and Technology, Environment
and Forests and Earth Sciences for his critical and
valuable inputs and support to improve various
programmes of the institute.

| sincerely acknowledge and express my thanks to
Dr.Renu Swarup, Secretary, Department of
Biotechnology (Government of India) and Chairperson,

Center of Innovative and Applied Bioprocessing 5
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fafaiT, Farer G Hae & st yfier @1 fafg FRA B -1 HY @Iy e o1 HY & & A
HRAT iy T HRia: QH wn:hazrr TG faomT, Tife! FUTarul, IdTe ToradT
RREICEIBEECa ST 3ATME & &y | THYM Td Tar[aR
sﬁa‘rfhmms‘cﬁﬁ‘crs‘m% gonferdt & faer & fore Staerned Jeeh 719 vd
AT I TF AT AF vd Gura1sf &1
o AT
W9-HR, HIY-TTe, HY-Idre sfe I TSGR0 Taiftd a1 Wi 9, UG fad, Mrenfifeal qur ufparsh § TR,
SEAHIHRUT, e Ud fafai & sriff-ad ST
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JUTATSH! SRS P AT I Ol YRIHRUT U HiY-W7e] & B YUR T uRac &1 SR AT

I IR, AfFT YT TATIRS TG & WY WIIeRT & 3R/ 31dT TgaT & ATeqd § YU &1 gerdl ol
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Vision Mission

To be a nodal research and innovation > To test, validate, translate, innovate, improve,
organization linking leads etc. of bioprocess and up-scale and integrate approaches and
bioproduct R&D system knowledge, technology technologies related to bioprocessing of agri-
with production system, and serve as incubatorial food/agri-mass for promotion of secondary
platform for agri-process and agri-food—product agriculture.

related entrepreneurship along with a frontal role > To generate bioresources related knowledge
in translation, innovation, optimization and up- and advance R&D leads and potential for the
scaling of approaches and technologies for growth of research and innovation systems
bioprocessing products to catalyze agro-industrial towards products development, technology
growth through progressive functional linkages translation, product quality assurance etc. in
and networking/ collaborations with institutions the sectors of agri-food and secondary
and industries nationally and globally. agriculture including technology

demonstrations, training, clustering of
entrepreneurs/stakeholders etc. in the lab-to-
market chain.

Obijectives

> 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.

Center of Innovative and Applied Bioprocessing 9
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> 20 3T, 2008: YR ! Wit Hfeie 3 I Wex, AgTeh, doa & Sia-ureifie! faum, fagm ud weanfiiet @y,

YR INBR & T WA TR & U H S1d-UHRU SHTs b RITIT Pl Wpid TeH B
> 0178, 2012: 1. Ioi= Rig WHTaH 7 Sy & TRATUS T FRIGRT SIBRT BT YUR FHTET TUT ST ARTH

@telid), g Brar, 18 oot ¥ ity Ifrarer ury far|
> 20 3T, 201281 3 T e, aeR-81, METel A SMIIMZTHSIR & Ree apy feurchic (sMsssygl) Ha- o

39T ¢ifye Srafey @iar|
> 27 RawR, 2012: U A SIS ITsT & U SIpRicd IRERM 3t Trradt sififad, 1860 & Sfdifa T &1

IS & 39 H Yoligpd HRamdl auT AARsH 3 TR U 59 3avd fow ud fafam &t srgmifea fear
|
> 09 TR, 2012: HUg ARR A Bt gy dow St 78 fiweh § smaifora g1 =t e 3 didig &1 iy

SHTts TR SR fom td fafvem sromme | <t e A didiy ot foxfta @ urmafae wifdaar g sdeuras

SHfYSHRY (ST, SR.TH. TTAH) BT Tt 3R TIH & 1 I Yafdrd uRfe ufshar o1 ot siigaies u ver fasar m
> 18 TRad), 2013: sty sfafm gfawm W-127 (&<dia aa) ieifie &=, %ol.e, TIUTy TR, Aigreh # Smfsd &t TS|
> 13 T, 2013: g IRf e &1 gust 9ad Staueifiet faym, Weitel simdaey, drd IIs, =S fowh g5 |
> 15 9RR, 2013; SO TEE &t Fame Hed 3 T dow siauefiet faun, deftel Hrmde, did s, 78

et # gs|
> 18 FTRR, 2013: AU TS $1 Ugel d6d Saviienfie! faumT, dishsl ehmae, A s, =1 feeh & g3
> 28 FAER, 2013: H41T HRAHSH (YRA WBHR) A AU HT 919 T5d HR 1.3 HA & TRaTd BT SIS fban|
> 08 3T, 2014: TY.3ME Tl Tt &) Fame Hsa &1 32 Sae Sauefie! faymT, defel simdaey, drd s,

7 et H g2
> 13 IR, 2014: T.3MS.T AT, TECT B gAY 95 Uit faumT, dohsh wimde, M s, 7S fow # g3
> 10 BRERY, 2015: Areret Rict (@aex 81) B T SME.Ta. Y BT SR T8 TS|
> 08 ISR, 2015: T.3ME TN, ST TRIE! &) Fame Hed o uiad! dod Sauienfies! faunT, dishsi

Himcay, e s, 72 fGeh A g3 |
> 28 7GR, 2015: .38 T TIRIEt 3 ARt 93 Sauiafiiast faym, defsh simaey, el e, 73 fowd # g2

12 AT UF UG T 91 YHEHIUT DS
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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.

> MayO01,2012: 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.

> September27,2012: 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 Unitto 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.

Center of Innovative and Applied Bioprocessing 13
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> August02,2016: Fourth meeting of the Scientific Advisory Committee (SAC) held at CIAB, Mohali.

> September 07, 201 6: 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.

> August 16,2017 :Dr.R. S. Sangwan was relieved from the post of CEO, CIAB.
> August17,2017:Dr. T. R. Sharma, ED, NABI taken additional charge as CEO, CIAB.

> 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.

vV V ¥V V¥V VY V
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CIAB Society

Governing Body (GB)
CIAB

Finance MY Chief Executive Officer Y Scientific Advisory
Committee CIAB Committee

Sub-Group on
Scale-up Evaluation & ’
Process Optimization Technical Advisory and
Product Innovation
Committee (TAPIC)

Sub-Group on
Development of
New Technology

Sub-Group on Training
Demonstration &Business
Development
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Members of CIAB Society

Prof. Ashutosh Sharma

President (Ex-officio) (up to 09-04-2018)
Secretary,

Department of Biotechnology,

Ministry of Science & Technology,

CGO Complex, Lodhi Road, New Delhi

Dr. Renu Swarup

President (Ex-officio)(from 10-04-2018)
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. Arvind

Member

Director,

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

Dr. Dinakar M. Salunke
Member
Former Director,

International Centre for Genetic Engineering
& Biotechnology, Aruna Asaf Ali Marg, New Delhi

Center of Innovative and Applied Bioprocessing

Dr. Ramesh V. Sonti

Member

Director,

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

Dr. Hemalatha R.

Member

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)

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

Prof. Ashutosh Sharma

Chairman (Ex-officio) (up to 09-04-2018)
Secretary,

Department of Biotechnology,

Ministry of Science & Technology,

CGO Complex, Lodhi Road, New Delhi

Dr. Renu Swarup

Chairperson (Ex-officio)(from 10-04-2018)
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

Sh. Chandra Prakash Goyal

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)
Executive Director

National Agri-Food Biotechnology Institute (NABI),

Knowledge City, Sector 81, Mohali, Punjab

Center of Innovative and Applied Bioprocessing

Prof. Arvind

Member (Ex-officio)

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

Prof. Akhilesh K. Tyagi

Member (Expert, Academia)
Department of Plant Molecular Biology
Delhi University, New Delhi-21

Dr. Dinakar M. Salunke

Member (Expert, Academia)

Director,

International Centre for Genetic Engineering

and Biotechnology (ICGEB), Aruna Asaf Ali Marg,
New Delhi

Dr. Ravinder Kaur

Member (Expert, Academia)

Principal Scientist & Director (Officiating)
ICAR-Indian Agriculture Research Institute
New Delhi

Dr. Swarup Sarangan

Member (Expert, Industry)

Senior Vice-President, Reliance Industries Limited
Maker Chamber-IV Nariman Point, Mumbai

Dr. J. S. Yadav

Member (Chairman SAC)

CSIR Bhatnagar Fellow & Former Director,
Indian Institute of Chemical Technology
(ICT), Uppal Road, Hyderabad

Dr. T. R. Sharma

Member Secretary (Ex-officio)

Chief Executive Officer,

Center of Innovative and Applied Bioprocessing,
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Members of Finance Committee of the Institute

Sh. B. Anand

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)

Chief Executive Officer,

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

Dr. Mohd. Aslam

Member (Ex-officio)

Scientist-G & Advisor

Department of Biotechnology,

Ministry of Science & Technology,

CGO Complex, Lodhi Road, New Delhi

Center of Innovative and Applied Bioprocessing

Dr. P. Bapaiah

Member (External Institute)

Registrar,

Indian Institute of Science Education and
Research Knowledge City, Sector-81,
S.A.S. Nagar, Mohali

Sh. Suneet Verma

Non-member Secretary (Ex-officio)
Manager (Finance),

Center of Innovative and Applied
Bioprocessing,

Knowledge City, Sector 81, Mohali, Punjab

29



arffe yfedes |1 2018-2019

fagr iy aargeR afafa @y vHh) & e

ST. 9. g9 g1ea u‘rlﬁgmwmf
e
;ﬂw&%‘mwﬁ@ fewe, yRd sﬂ:f( YT Ug

Fihed et =M= &nég%ﬂeﬁ)mﬁg &Fgm &rrqaaawmwnq
31, faa® 3o Tt .
o™ . -Q?T-a*'\‘lslq
arszr(\ﬁq%aam e %

RElc TR TR lghR
:%; - Jae 81, H.U.S{.e{.m.&né.m.&r.w.mﬁw
. a_ farem S1. geu $UR IIed
g™ e (G IRy I31)
GRS Sol1aT Td STadenfieT GRIGC R
faum, YR M) TR e, 73 o Tara Ud STRE d - TR e,

At Ridt, AR 81,
BT, &. HIYaT AR TeTell, Uole
o™
74 391E U 3T fareres Tt wraAt
ST WY G HEG YIS (UeH) (17.08.2017 )
SHTS IGHIAT, exTaTg T FIBRY ABRY
qaﬁ:ﬁtﬂqa G - TR Heg;,

. g et i R, @aam
bkl _ TgTeh, tefre
PN Td @I HHiADT fqumT
URA TR GSTGR
LIEEEHI]
. 3Rfdg ameht
o

JRIM,

30 AT UF UG T 91 YHEHIUT DS




Annual Report | 2018-2019

Scientific Advisory Committee (SAC)

Dr. J. S. Yadav

Chairman

CSIR Bhatnagar Fellow & Former Director,
Indian Institute of Chemical Technology (IICT),

Uppal Road, Hyderabad

Dr. T. R. Sharma

Member (Ex-officio)

Executive Director

National Agri-Food Biotechnology Institute
Knowledge City, Sector 81,

Mohali, Punjab

Prof. Saroj Mishra

Member

Department of Biochemical Engineering and
Biotechnology,

Indian Institute of Technology Delhi, New Delhi

Dr. K. Madhavan Nair
Member

Scientist F

National Institute of Nutrition
Jamai-Osmania, Hyderabad

Prof. Rintu Banerjee

Member

Department of Agriculture and Food
Engineering,

Indian Institute of Technology Kharagpur,
West Bengal

Prof. Arvind Lali
Member-Coordinator,
DBT-ICT,

Centre of Energy Biosciences,

Institute of Chemical Technology,
Mumbai

Center of Innovative and Applied Bioprocessing

Prof. P. Guptasarma

Member

Dean (R&D)

Indian Institute of Science Education & Research
(IISER) Mohali

Knowledge City, Sector-81, Mohali, Punjab

Prof. J. L. Karihaloo
Member

Senior Consultant
APAARI, NAS Complex
Pusa Campus, New Delhi

Dr. Sudesh Kumar Yadav

Member (Senior Scientist of the Institute)
Scientist F

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

Dr. T. R. Sharma

Member Convener (Ex-officio)

Chief Executive Officer,

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

Dr. V. S. Chauhan

Chairman

Former Director,

International Centre for Genetic Engineering &
Biotechnology, New Delhi

Shri. Chandra Prakash Goyal
Member (Ex-officio)

Joint 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

Dr. T. R. Sharma

Member (Ex-officio)

Executive Director

National Agri-Food Biotechnology Institute
(NABI), Mohali

Dr. T. R. Sharma

Member (Ex-officio)

Chief Executive Officer,

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

Dr. A. Vamsi Krishna

Member (Ex-officio)

Scientist E, Department of Biotechnology,
Ministry of Science & Technology,

CGO Complex, Lodhi Road, New Delhi

Center of Innovative and Applied Bioprocessing

Dr. R. S. Khandpur
Member

Former Director General,
Pushpa Guijral Science City,
Kapurthala, Punjab

Er. N. K. Verma
Member
Former Chief Engineer,

Council of Scientific & Industrial Research,
New Delhi

Shri. K. K. Kaul
Member

Former Chief Town Planner,
GMADA, Chandigarh

Dr. Jagdeep Singh

Member

Additional Director,

Department of Higher Education, Punjab

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

Sh. Virendra K. Banerjee

Member Secretary (Ex-officio) (up to 10-07-
2018)

Administrative Officer

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

Sh. Suneet Verma

Member Secretary (Ex-officio) (from 11-07-
2018)

Administrative Officer (Additional charge)
Center of Innovative and Applied Bioprocessing ,
Knowledge City, Sector 81, Mohali, Punjab
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Consultant Monitoring Committee for Institute Campus

Dr. R. S. Khandpur
Chairman

Former Director General,
Pushpa Guijral Science City,
Kapurthala,

Punjab

Dr. Jagdeep Singh

Member

Additional Director,

Department of Higher Education,
Punjab

Er. N. K. Verma
Member
Former Chief Engineer,

Council of Scientific & Industrial Research,
New Delhi

Center of Innovative and Applied Bioprocessing

Development

Shri. S. L. Kaushal
Member

Former Chief Architect
Punjab

Sh. Virendra K. Banerjee

Member Secretary (Ex-officio) (up to 10-07-
2018)

Administrative Officer

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

Sh. Suneet Verma

Member Secretary (Ex-officio) (from 11-07-
2018)

Administrative Officer (Additional charge)
Center of Innovative and Applied
Bioprocessing , Knowledge City, Sector 81,
Mohali, Punjab

35



arffe yfedes |1 2018-2019

36 SAIHl UF UYSd Sid UG s




Recruitment and Staff Status of the Institute




arffe yfedes |1 2018-2019

WP &1 R (31 91 2019)
STHYTT HPTY-HGH:
w9 |9 U™ FHIUR Tg01 &1 fafdy
1. 31 &, 3R, zmf T BRI AR 17-08-2017
2. | SLEWHAR ERIECALY 12-04-2016
3. ST gread Mt 3EY 3R TarER-HaA 11-03-2015
g YUY
4, |7 TE adage - § 14-07-2016
5. |37 wfipuR ugHa M 3R TarER-gaA 24-03-2014
TR SRR
6. | ST I it - 12-08-2016
7. | ST o o fosn ERIECES] 07-12-2014
8. |ty Rz ERIEER] 24-06-2015
9. 31, i1 piomr et STHYM 3R FarER 01-01-2016
A e Srawfsran
qH-TP! TG
%4 BRIk} & PRYR Tgu1 1 fify
1. | eaaE Rig e iftrar (g 01-08-2014
1. | weeiia Rig Teras S Rifae 07-07-2017
2. | ffiwfa dopeia Ty AR debriich! WETaD (WY it 02-12-2013
3. | AERE ARy deb-ite! HeTad (REE fas) 04-12-2013
4, | St Al guded AR Tl WeTaD (@I MR T 21-01-2016
5. &1 foiie pHR T SIBRY (FeTondrd a1 09-02-2016
6. | Ao Rig ARy Tt TETaH (W) (SMfoRad THR) 01-03-2014
38

Aol U9 U dd old UHIHRUT Dw




Annual Report | 2018-2019

Staff Status (as on March 31, 2019)

SCIENTIFIC STAFF
Sr. No. | Name Designation Date of Joining

1. Dr. T. R. Sharma Chief Executive Officer 17-08-2017

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

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

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

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

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

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

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

9. 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. Manjeet Singh Assistant Engineer (Civil) 07-07-2017
3. Ms. Pankaj Preet Sandhu | Senior Technical Assistant (Food Science & 02-12-2013

Technology)
4. Sh. Umesh Singh Senior Technical Assistant (Chemistry) 04-12-2013
5. Dr. Nidhi Budhalakoti Senior Technical Assistant (Food & Nutrition) |21-01-2016
6. Dr. Vinod Kumar Technical Officer 09-02-2016
(Microbial Technology)
7. Dr. Mainpal Singh Senior Technical Assistant (Farm) 01-03-2014
(Additional charge)

Center of Innovative and Applied Bioprocessing
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e &1 fRUfT (31 A=t 2019)
URMTES Hed
®. 9. BRIk U™ PREYR Tg01 $1 fify
1. | A o RIS STt (3ifaved guR) 11-07-2018
2. |fiwEpum VSR Td 4 R (31faRad TUR) 04-05-2018
3. |diedufiE HERUT T4 59 ifeRY 24-01-2014
4, &t 3 9t EECRHRED 07-03-2014
5. off ¥d et urt PEUEHEED 04-09-2015
6. &t gators Rig Usit YT 19-10-2016
7. | gfemwam Tt WeTa (3ifoRed THR) 01-12-2012
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Staff Status (as on March 31, 2019)
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. Hardip Singh Stores & Purchase Officer 24-01-2014

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

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

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

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

(Additional charge)

Center of Innovative and Applied Bioprocessing 41



arffe yfedes |1 2018-2019

SIYUT eAdr ot fRufq (31 9t 2019)
TR AFTiH®, SEUT Tganil/sreddn
¥4 |9 qgA™ PRYR U501 &1 fafy
1. | o safie Rig SRR ot 01-03-2019
2. |Sioflav AR RIS 01-06-2017
3. | i@ emgR RUERSELI | 07-07-2017
4. ST, ez <Ny g 15-03-2018
5. | st IR Rig a1gR <Ny gt 01-05-2018
6. | g g =y Fgant 29-10-2018
7. | s aiftrar T IR TB 23-07-2018
8. |gdif=n T 3R 11-05-2017
9. ot 9 TR ged THIRTH 01-09-2017
10. |gdtvofa TH SR UG 09-05-2018
11. | g fiRon s TH.3RUB 12-12-2018
12. |4 w7 $Ar S AN TH 23-06-2016
13. | #t due S AN TH 27-06-2016
14, |@h siefa qufea AT TH 11-01-2019
15, | gEfid om @ TH AT 01-08-2018
16. | #1 907 FAR S ATTE 18-07-2017
17. | %ol weiom i T AR 07-05-2018
18. |t i e AT TH 09-08-2017
19. | #f 7gean o e S ATTH 16-08-2017
20. |t i s SR T 01-08-2017
21, |l wHfa =R SR T 08-05-2017
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Research Scholar Status (as on March 31, 2019)

Sr. No. | Name Designation Date of Joining
1. Dr. Baljinder Singh Inspire Faculty 01-03-2019
2. Dr. Jitesh Kumar Research Associate 01-06-2017
3. Dr. Karnika Thakur Research Associate 07-07-2017
4, Dr. Nitya Sharma Research Associate 15-03-2018
5. Dr. Neeraj Singh Thakur Research Associate 01-05-2018
6. Dr. Munna Bhattachary Research Associate 29-10-2018
7. Ms. Amita Sharma Senior Research Fellow 23-07-2018
8. Ms. Gisha Senior Research Fellow 11-05-2017
9. Sh. Satya Narayan Patel Senior Research Fellow 01-09-2017
10. | Ms. Pranati Senior Research Fellow 09-05-2018
11. Ms. Girija Kaushal Senior Research Fellow 12-12-2018
12. | Sh. Sandeep Kumar Junior Research Fellow 23-06-2016
13. Sh. Deepak Junior Research Fellow 27-06-2016
14. Ms. Anjali Purohit Senior Research Fellow 11-01-2019
15. Sh. Shushil Kumar Rai Senior Research Fellow 01-08-2018
16. | Sh. Varun Kumar Junior Research Fellow 18-07-2017
17. Ms. Manisha Sharma Senior Research Fellow 07-05-2018
18. | Sh. Neera Aggarwal Junior Research Fellow 09-08-2017
19. Sh. Yedulla N. Reddy Junior Research Fellow 16-08-2017
20. | Sh. Nitish Sharma Junior Research Fellow 01-08-2017
21. Ms. Ravneet Kaur Junior Research Fellow 08-05-2017

Center of Innovative and Applied Bioprocessing
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g sTerar 1 ferf (31 w 2019)
qIEISHT ST, AL Fedri/sTemn

% " |am R R T8 it fafyr
22. |@lt T e S ARTH 09-06-2017
23. |t foeria wig S ATTR 23-04-2017
24, |welt WA 3R S AT TH 14-11-2017
25. | @l wife S AR TR 12-03-2018
26. |wh dem sEn I ARTH 15-03-2018
27. |t e R S 15-03-2018
28. | wifewt 3R AR TH 15-03-2018
29. | #terd ek S AT 03-04-2017
30. |grgE S AT 20-04-2018
31. |@hesiasr S AR TR 24-10-2016
32. | @l S AR TR 23-04-2018
33. | @t et S AT 23-04-2018
34, |#iewefiE S.3R.TH 23-04-2018
35. |wfiumifie 3. HRTH 25-04-2018
36. |Gl wraredt ot 3. 27-04-2018
37. |wfteremi 3. 06-02-2019
38. |l wew IS EEECA | 07-05-2018
39. |gHtEw SRINTRITAT e 1R 19-03-2018
40. |9 IEER ER ST Hedl-1 12-05-2017
41, | smfa Ffr suEme st el 12-06-2017
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Research Scholar Status (as on March 31, 2019)

PROJECT SCIENTIST, RESEARCH ASSOCIATES/SCHOLARS

Sr. No. | Name Designation Date of Joining
22. | Ms. Priyanka Pal Junior Research Fellow 09-06-2017
23. Sh. Nishant Pandey Junior Research Fellow 23-04-2017
24. | Ms. Manisha Thakur Junior Research Fellow 14-11-2017
25. | Ms. Monika Junior Research Fellow 12-03-2018
26. | Ms. Sanjam Chandna Junior Research Fellow 15-03-2018
27. | Sh. Mangat Singh Junior Research Fellow 15-03-2018
28. | Sh. Sahil Kumar Junior Research Fellow 15-03-2018
29. Sh. Hadi Al Junior Research Fellow 03-04-2017
30. | Ms. Sunanda Junior Research Fellow 20-04-2018
31. Ms. Harpreet Kaur Junior Research Fellow 24-04-2018
32. | Ms. Navodita Kapoor Junior Research Fellow 23-04-2018
33. [ Ms. Namrata Joshi Junior Research Fellow 23-04-2018
34. | Mr. Gurjant Singh Junior Research Fellow 23-04-2018
35. | Ms. Aishwarya Singh Junior Research Fellow 25-04-2018
36. | Ms. Shatabdi Paul Junior Research Fellow 27-04-2018
37. | Ms. Neha Sharma Junior Research Fellow 06-02-2019
38. Ms. Mehak Kamboj Project Fellow 07-05-2018
39. Ms. Sapna Daniji Lab Technician 19-03-2018
40. | Ms. Dalveer Kaur Project Fellow-I 16-05-2017
41. | Ms. Nidhi Aggarwal Project Fellow 12-06-2017

Center of Innovative and Applied Bioprocessing
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Hergud axe Bt ugar aur Fgdiet R g Herust faenfia & ot e Sl dofierur & o smazas B
> AT U9 ST Sa-URRERUT g (SrSSua) 7 St fed & & o <1 Gt & e o S= <Y e
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2014 &1 & TSR O Td TRt fayfaenay, RuR @Rarm & I e THeiiy R g Bl
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Academic and R&D Linkages

New

> 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 amountingtoRs. 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 amounting toRs. 10,95,651/-

Previous

> 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
forinter-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-1).
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> 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-ll).

> 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.

Academic and R&D interactions, linkages and collaborations with other national and
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
> 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. Lid.
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

YVVYVYVYVVYVYVYVYVYVYVYVYYVYYVYYVY
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International

> Lincon University, Lincoln, UK

YV V YV VYV V

YV V VYV VY

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:

»

YV V V¥V ¥V VYV ¥V V VYV V

Center of Innovative and Applied Bioprocessing

Reliance Industries Limited

AamzToFaamz Technosolutions Pvt. Ltd, Mohali
Dr. Silviu Pharmachem Pvt. Lid. 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. Lid.

Diovita Foods Pvt. Ltd.

Hydrolina Biotech Pvt. Ltd., Chennai
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Following sketch graphically mirrors the scope of Area-A: Value Addition to Primary Processing
research and innovation to serve the mission and R esidues or Wastes for Edible Products
vision of the institute that is centric to the Area-B: Valorization of Crop Wastes for
development of value added products of edible Specialty Products and Chemicals

and nonedible usage from un-utilized or under- Area-C: Nutritionals, Nutraceuticals, and
utilized biomass. To realize the objectives of the Upgradation of Value or Use of Primary
institute with that focus on operational framework Processing Bioproducts

of research work have been evolved in the form of Area-D: Biosynthetic Technology/Synthetic
following four major mandate areas: Biology for Low Volume-High Value

Products and Industrial Enzymes

Research & Innovation Mandate & Mission of CIAB

CIAB Bioresq_lfrcelearm Biomass
Translational

Research l\/l Co-Harvest
Primary Value Harvest

(e.g. see ruits, vegetables) Co-Harvest
Primary Processing

Primary Processed Products
(Flours, Juices, Sauces, Splits, Gums, Oils)
=

Value Addition 9 Byproduct
(hulls/seed cakes/

cobs/pomace etc.)

andscaps

Secondary & Tertiary
Processing

Value Creation &
Value Integration

Knowledge Based Value-Added Diversified Produdts

Figure 1. 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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TN BIeN 3, 3HICIY §H 3Ha | STl 1 offdl HH el b
TSI GUNTE MTaRa% od 9 Heel-I| THM R I
RIS Hed Haftid W HaT adl b STG & [ P |

YT W

B U8 q WM BH Jed $ RiciHdl 31awae ad &
A SfidTss Jadd & fu po um wha ufekarsi ot
I R (ST DI WS 2017, 97, 567; S TR WS,
2018, 172, 1765), T H Ry 3Ma=Rg® qd WHRUI
R &) I T ga) &1 RidAdid 3 IRewor U
He@yul Bed U1l 39 =Rl # RydRar dd # IufRa
RIHTA BT NaBH, BT A gRT I&b ATUH B
gfaferar fadras & w0 o IuRUfd # HHR & daqH IR
RigHcara & sroad= o fear mar ot | geft fos srivomat
Ada A gAdS ¥ (~5 Q) Rigere o RigHeia #
ST faame gad Rufa § &= fea, el ufsear &
SR T §g I YA TR NaBH, / 79 SiO, 30e JoITelt
AR e srafiie T o i, safiu e o
W 3P KA BT 9 F fou em@ivg umn

DT 1 : NaBH, / el NaOH gRT RigHeTd & 3 Hig 3uea & forg ufchar vd su

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

S. No. oil (2) (2) (g) (mL) (Yield%)
1 1 0.38 0.05 2.5 091 (~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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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, synthesis of 6-O-
ascorbyl fatty esters, etc. Functional food from
dairy by-products, protein hydrolysate from corn
meal and kinnow byproducts are some of the
representative examples of such products.

A 01: Process scale up (120 g) for production
of rose oxide value added citronella oil

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.
Indeed, due to a high commercial value but limited
natural occurrence (e.g. Damask
rose,Dracocephalumheterophyllum, geranium,
Eucalyptus citriodora and lychee), rose oxide is
produced synthetically on a large scale by photo-
peroxidation of B-citronellol via singlet
oxygenation in the presence of a sensitizer.
However, methanol, oxygen and light entails
problems with respect to safe processing using this

method on large scale. The concept of ‘dark’
singlet oxygenation (DSO) via catalytic
disproportionation of H,O,using Na,MoO,*2H,0O
as catalyst appears a promising alternative,
therefore, we investigated the applicability of this
approach on low value citronella foliage essential
oil for production of rose oxide value added
citronella oil at multi-gram scale.

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 higher amount of
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 NaBH4
in presence of dry THF as reaction solvent at room
temperature. In order to develop a cost-effective
and organic solvent free approach, we investigated
a reaction system consisting of NaBH, and moist
SiO, (catalytic amount) for in situ reduction of
citronellal to citronellol. Despite the methodology
enabled a very fast reduction (~5 min) of citronellal
to citronellol in the oil under solvent free condition,
however, during the process scale up at a multi-
gram scale, NaBH,/moist SiO, reduction system
caused the overheating of the reaction mixture,
hence, was found unfit to be used while large scale
processing. Therefore, as a significant
improvement in the earlier reported methods, in
situ reduction of citronellal occurring in the

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

Citronella essential Citronellal NaBH4

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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A9 UpR H aroefia

Y, Ug el §aTE U ieh | & Ueh Heeaquf GuR b =,
feHar savasd dd H IufRd WeeHad &1 34 g
ST U H NaBH, / NaOH (SER® 11N &1 faaras &
O H W & dU R ITAN B oid DI T5| TEGIAR,
RIgHar sMaw® dd ¥ U6 I THEHR] IMAHS
TR gRT R & 984 (~ 30% TS = 1)
RySHa Sz da YehRuT gifyet fobar T iR ufshar
P 200 T TP TS o b1, TROMH J&g H arferest 11
RrcHere @1 RigHeia # 7 dig TUiaRT &1 ARE
SIR- fa=eyor gRI B! 778, forae RigHad &1 Ue aa- s
3R guf srerg= yefid farar Sefer 3 arwo=id SRR
@ (= 1) | IRUTRaE T U odt & RigHard S o
AT T ISR () fafd &1 JudiT avds &t 15
o1 8T T B: Wb WM HP-5MS (0.25 x 30 Hiew), fher
Trers, 1.0 Wex; 1.0 THTd / fiFe 1 yare &) W giferd
TS A6 TN & =0 B T o1 T | 3719 &l argd=

609 210°C TR faaT T, 3°C / e YU &R 3R 210°C TR 1
fire gics I9g; fhR 210 ¥ 280°C U 20°¢/ e YU X
IR 5 e giee W™ 280°C WR | 1 pL T &I faHeH
3{JUTd 1:20 b 1Y 280°C eI AU WR Sulae fobar 7 |
70 a1 3G THIT ST Sholl | AIY Werel 50 I
400 TUHRY AT ST e X1 fodT 71T, A ATaHT 280°C
ﬁm@—llﬂidwl Al hTdIgHTT 280°C |

Ry RigHdld gad (~ 30% Toed) RigHar
SHTIRTD Il TDHRUI P13 ST’ RiTTacie TaioH=e
& fIU IR & ATUHEM W H,0, % SUTie gRacd oI &b
Na,MoO,.2H,0 &1 &R Tafafer & a1 Y H1 178, Ugd
A w18 50-55° ¢ R ufafsar s & S fafr s
faoia 9 I IdTeH, 2017, 97, 567) | U@ &0
e WRITRTSRISHT gelfadi, (Mo0(0,),]°- 3 &I
gfafrar oo ® IO e & fou ufdafear &

difereT 2. RERdd I g3el-IRIags & oY & 37 W WIRNSTA Ufthar THH &7 Whd 31

Citronella Citronellol Na;Mo0,.2H,0 NaOH 30% H,0, IPA-H,0 Qty. of VACO

SN il (g) (@ g (mmol) g(mmol) (mL) (mL,v/v) g (%Yield)
L. 3.0 09g 0.114 (0.47)  0.13(3.3) 5 25:0.5 2.20 (~73%)
2. 300g 2.0g 1.14 (471)  1.16(28.9) 50 50:1 21.6 (~72%)
3. 60.0g 18.0g 2.28(9.42)  1.9(47.5) 100 100:2 42.0 (~70%)
4 1200g 360g 4.56 (18.84)  3.8(95) 200 200:4 84.0 (~70%)
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Figure 1. GC-MS analysis: (a) volatiles in native citronella oil; (b) volatiles in semi-synthetic citronella essential oil

variant with respect to citronellol (~30% qualitatively)

citronella essential oil was investigated using
NaBH,/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
200g, results summarized in Table 1. The in situ
conversion of citronellal to citronellol was
monitored by subsequent GC-analysis which
demonstrated a selective and complete reduction
of citronellal while other volatiles remained intact
(Fig. 1). Citronellol content in the resulting oil was
validated using gas chromatography (GC) method
stated as: A column HP-5MS (0.25 x 30m), film
thickness, 1.0 m; helium at flow rate of 1.0 mL/min
was used as a carrier gas. Oven temperature
gradient was performed from 60 to 210 °C at
32C/min ramp rate and 1 min hold time at 210 °C;
then 210 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, source
temperature of 280 °C and mass transfer line
temperature of 280 °C.

The resulting citronella essential oil variant
containing citronellol (~30% qualitatively) was
further investigated for ‘dark’ singlet oxygenation
via disproportionation of H,O, through the catalytic
activity of Na,MoQO,.2H,O at room temperature,
unlike the heating of the reaction mixture at 50-55
°C in a previously reported method(Indus Crops
Prod, 2017, 97, 567). In order to generate
predominantly the key peroxidising species,
[MoO(O,),],- ion in the reaction medium, the
reaction was experimented in slightly alkaline
medium containing a mixture of agq. NaOH-
isopropanol (1:4 v/v) instead of water-isopropanol
used previously. The reaction was also optimized

Table 2. Process scale up for in situ peroxidation of citronellol to hydro-peroxides

Citronella Citronellol Na;Mo0,.2H,0 NaOH 30% H,0, IPA-H,0 Qty. of VACO

SN il (g) (@ g (mmol) g(mmol) (mL) (mL,v/v) g (%Yield)
L. 3.0 09g 0.114 (0.47)  0.13(3.3) 5 25:0.5 2.20 (~73%)
2. 300g 2.0g 1.14 (471)  1.16(28.9) 50 50:1 21.6 (~72%)
3. 60.0g 18.0g 2.28(9.42)  1.9(47.5) 100 100:2 42.0 (~70%)
4 1200g 360g 4.56 (18.84)  3.8(95) 200 200:4 84.0 (~70%)
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NeT &g e # v fea mr o fe oe-
STSTITTT & ST STeTd NaOH- STSHTEAT (1: 4 v /
v) & Y1 9 gaa o1 ufdfehar &1 R sraxas aa
T # Aive feRad & qof RiRiszH & fo
TS JHT & ey 7 of srgepferd fovar man| ag <an
a1 o <19 wfafesan fHgor (RigHen sraae dd S,
Na,M0O,2H,0, STelld NaOH, 3R ST o 30%
H,0, STa- TR UTfehan el 81778 3R STeg g1 T8 R I
HICA TS | IR U & 16 SR & dT0HH IR T4 & dgd
faforar g §1 & e 75 o guf IR T & forg
Hohd & U H foran 11| II9R, RigHard 98 Righar
AT B IS WIRASTA & T 4 €2 a6 TR &
AIHE W Na,M00,.2H,0/NaOH &I IBR®F & ¥ H
IufRufd W Ife duifda fear man, arferer 2 &
gffehan Wha 31g Tay & I9a st & a1g, Ufafssar s
B Na,S0, & TH I fdagd & I g & &1
SUEURT W I s fear mar un ofidf-uaey
fazawor 1,6 3R 1,7-ST & 1: 1 YT BT 7T R
fopan (e 2) | SIfde TRUT Y 25% H,S0, F Taew & Iry
FI F dAOHE R IH T TS O 3R et §
b3y fmar T, Sifde TR B AT R Fifsd HRb
- / TAe sifaarse & Ayl § 9g< gf+el 0 9
gRafdd RieHardd (~ 70 39w e fasan T |
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Figure 2. GC-MS detection of 1,7- and 1,6-diol, precursorsto rose oxide stereoisomers

with respect to the time required for complete
peroxidation of citronellol present in the citronella
essential oil variant. It was observed that while
adding 30% H,O, to the reaction mixture (citronella
essential oil variant, Na,M0O,.2H,0, agq. NaOH
and isopropanol), the reaction became pink and
soon changed to dark brown in colour. After four
hours under stirring at room temperature, the
reaction mixture turned to colourless which was
taken as indication for complete peroxidation.
Accordingly, citronellol enriched citronella oil was
chemically processed for chemical peroxidation for
4h at room temperature in presence of
Na,Mo0O,.2H,0/NaOH as catalyst, process scale
up summarized in Table 2. After time elapsed, the
reaction mixture was quenched with a saturated
solution of Na,SO, followed by extraction with
diethyl ether. GC-MS analysis established the
formation of 1:1 mixture of 1,6 and 1,7-diols (Fig.
2). The organic phase was stirred with 25% solution
of H,SO, for Th at room temperature. The workup
was done with brine solution and water, organic
phase was separated and concentrated to afford a
selectively transformed citronella oil (~70 yield)
enriched with a mixture of cis/trans-rose oxide.

Salient Achievements

» Scaled up and organic solvent free
methodology for semi-synthesis of citronella
essential oil variant with respect to citronellol.

» Scaled up methodology for in situ peroxidation
of citronellol to citronellyl diols, the rose oxide

Center of Innovative and Applied Bioprocessing

precursors under room temperature condition.

A 02: Valorisation of spent aromatic
biomass to value-added chemicals

Lemongrass [Cymbopogon flexuosus (Steud.) Wats,
(syn. Andropogonnardus var. flexuosusHack; A.
flexuosus Nees)] and palmarosa [Cymbopogon
martini (Roxb.) Wats. var martinii(syn. C.
martiniSapg var. motia)] are subtropical essential
oil plants widely cultivated in Guatemala, Brazil,
China, India, Indonesia, Haiti, Madagascar, and
other Eastern African countries. Exiraction of
volatile oil from these aromatic crops results in
generation of spent aromatic waste. Globally,
approximately 30,000,000 tons per annum
aromatic waste are generated from industrial
processing of lemongrass alone. India is a chief
cultivator of aromatic crops (for example
lemongrass, citronella, palmarosa, patchouli, etc.)
and generates approximately ~6.0 million tons
per annum of aromatic waste which does not
currently have high-value applications, instead the
maijority is disposed or used for burning purposes
that adversely affects the human health.

In spent aromatic biomass (citronella,
lemongrass and palmarosa fibers),cellulose is the
predominant component (35-40%), followed by
hemicellulose (25-30%) and lignin (15-20%).
Therefore, in order to harness the chemical
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—— Std. Levulinic acid
—— Levulinic acid from spent aromatic biomass
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potential of spent aromatic waste for development
of green reagents and chemicals, an integrated
process has been developed for production of
xylose, levulinic acid and lignin via processing with
p-cymene sulphonic acid dihydrate (p-CSA) in the
absence of any organic solvent or additive. Earlier,
no such attempt has been made on waste to wealth
recovery of value added products from spent
aromatic biomass, and the methodology appears
to be economically more attractive than processes
based on production of a single product, either
furfural/HMF or ethanol from spent aromatic
biomass.

Research Progress

Pre-treatment of spent aromatic waste with p-CSA:
A glass media bottle (50 mL)charged with dried
and powdered palmarosa waste (1.0 g), p-CSA
(600 mg, 60% W/W) and water (20 mL) was
autoclaved at 121°C for 90 min followed by
cooling to room temperature and filtration to
afford a hydrolysate containing xylose (164 mg,
92% yield with respect to hemicellulose in spent
aromatic waste; 16% yield with respect to initial
biomass), Fig. 3. Concentration of hydrolysate
under reduced pressure furnished a brown syrup,
wherefrom, p-CSA could be recovered with a high
efficacy via dissolving in ethanol, meanwhile,
xylose precipitated. Repeated washing of
precipitate with toluene followed by a subsequent
drying under hot air oven furnished xylose in good

\ Formic acid

Levulinic acid
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D-xylose
— Sample

Figure 3. HPLC chromatogram of palmarosa biomass
hydrolysate

yields and purity. The catalyst p-CSA was recovered
and reused for >3 times from hydrolysate without
the significant loss of activity.

One pot production of levulinic acid from pre-
treated spent aromatic biomass: Pre-treated spent
aromatic biomass (1.0 g), 2N HCI (20.0 mL) and
p-CSA (1.0 g) were loaded on a thick-walled high-
pressure glass reactor (Ace Glass, USA) of 120 mL
capacity sealed (back) with silicone rubber (Table
3). The reaction mixture was heated at 180 °C
using an oil bath for 2h. After time elapsed, the
sealed glass tube was removed from oil bath
subsequently cooled to room temperature by
application of cold water. The reaction mixture was
centrifuged at 8,000 rpm for 20 minutes. Pallet
(hydro-char) was collected and stored for further
use. Aqueous phase after dilution with ethanol was
subjected to HPLC analysis which demonstrated a
selective degradation of cellulose to levulinic acid

—— Std. Levulinic acid
—— Levulinic acid from spent aromatic biomass

Figure 4. HPLC chromatogram of levulinic acid in pre-treated biomass hydrolysate

Center of Innovative and Applied Bioprocessing
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et 3. N-Hrau $fR Srefia Terfivd gRT 3= dTomH &1 G/ & e gd - JUARG TR SR ¥ TAU 3dTe 8q U1 &l

Sfffepar srpaH |
Entry® Concentrations of HCI
p-CSA? 2NHCI 1IN HC1 0.5N HC1
LA Gluc FA HMF Gluc FA HMF LA Gluc FA HMF
(wt%)  (wt%) (wt%) (wi%) (wi%) (wi%) (wtd) (wt%) (wi%) (wi%)  (wi%)  (wi%)
1 0.125 1410  12.11 4.88 0.24 1539 199 NDs¢ 0.64 6.40 0.35 0.15
(0.05)
2 0.25 16.56 8.59 5.76 0.21 1731  3.09 0.32 1.0 12.56  0.49 0.20
(0.12)
3 0.5 20.15 5.59 6.67 0.10 16.63 4.04 0.27 539 1611 2.17 0.31
(0.23)
4 1.0 22.69 1.34 9.12 ND 13.86  4.25 0.18 686 1648 275 0.28
(0.47)

asolid-liquid ratio, 1:20 in all sets of reaction; “Loading of p-CSA in grams (mol%); ND, not detected; LA, levulinic acid; Gluc,

Glucose; FA, formic acid; HMF, 5-hydroxymethylfurfural.
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Table 3. Reactionoptimization for LA production from pre-treated palmarosa biomass via processing with p-CSA and

aq. HCl under refluxing condition.

Entry® Concentrations of HCI
p-CSA? 2NHCI1 1IN HC1 0.5N HC1
LA Gluc FA HMF LA Gluc FA HMF LA Gluc FA HMF
(wt%)  (wt%) (wt%) (wi%) (wi%) (wi%) (wtd) (wt%) (wi%) (wi%)  (wi%)  (wi%)
1 0.125 14.10 12.11  4.88 0.24 479 1539 199 NDs 0.64 6.40 0.35 0.15
(0.05)
2 0.25 16.56 8.59 5.76 0.21 7.64 17.31 3.09 0.32 1.0 12.56  0.49 0.20
(0.12)
3 0.5 20.15 5.59 6.67 0.10 9.75 16.63 4.04 0.27 539 1611 2.17 0.31
(0.23)
4 1.0 22.69 1.34 9.12 ND 1242 13.86 4.25 0.18 6.86 1648 2.75 0.28
(0.47)

asolid-liquid ratio, 1:20 in all sets of reaction; “Loading of p-CSA in grams (mol%); ND, not detected; LA, levulinic acid; Gluc,

Glucose; FA, formic acid; HMF, 5-hydroxymethylfurfural.

(226 mg; 22.69 wi% with respect to initial
biomass)and formic acid (91 mg, 9.12 wit% with
respect to initial biomass) while glucose, acetic
acid, and 5-hydroxymethyl furfural are obtained in
traces (Fig. 4).

Quantitative HPLC analysis of spent aromatic
biomass hydrolysate: Xylose, glucose, arabinose,
acetic acid, HMF, formic acid and levulinic acid in
hydrolysate of spent aromatic biomass was
quantified by High-performance liquid
chromatography (HPLC, Agilent Technologies
1200 infinity series) using analytical standards of
D-xylose, D-glucose, D-arabinose, acetic acid,
HMF, formic acid and levulinic acid under
chromatographic conditions stated as: Agilent Hi-
Plex H column (300 mm length; 8 um porosity), Rl
detector operated at 60 °C, mobile phase of 5 mM
H,SO,, flow rate of 0.7 mL per min, refractive index
(Rl) as detector at 55 °C, run time of 60 min.
Quantitative estimations of xylose, glucose,
arabinose, acetic acid, HMF, formic acid and
levulinic acid in hydrolysate was made using a
calibration curve drawn by plotting concentration
of known standards versus peak area values from
the Rl chromatograms.

Extraction of lignin from hydro-char: The hydro-
char was boiled in 2% aqg. NaOH in a RB flask for

Center of Innovative and Applied Bioprocessing

2h at 100°C. After time elapsed, the reaction
mixture was cooled to room temperature followed
by centrifugation at 8000 RPM for 20 min. The
back liquid was separated and was subsequently
neutralized with 0.5 N H,SO, solution, wherein,
lignin precipitated at pH 3.0. The precipitate was
collected and washed with water followed by
overnight drying at 50°C in a hot air oven to afford
lignin in crystalline form (70 mg, 7.0 wi% with
respect to initial biomass) which was further
characterized by EDS and FT-IR analysis (Fig. 5 and
6). Total lignin yield obtained was calculated using
the following formula:

Residual spent aronetic  bionass  (g)

Lignin yield (wt %) = x 100

Initial spent aromatic bionass  (g)

Characterization of lignin isolated from hydro-
char: The isolated lignin was further characterized
by EDS, FT-IR, XRD, and FE-SEM analysis.
Elemental composition of palmarosa isolated
lignin was determined by Energy-dispersive X-ray
spectroscopy (EDS) analysis which showed
elemental composition: C, 74.59%; O, 25.28%
(Fig. 5). FT-IR spectrum of the lignin exhibits
similarity of absorption bands characteristic to
standard lignin samples (Sigma Aldrich).
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Figure 5. Elemental composition of isolated lignin
from aromatic biomass by EDS analysis
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Figure 7. XRD analysis of isolated lignin from spent
aromatic waste

Absorption bands at 3500 cm™' indicates the
phenolic and alcoholic groups. Absorption bands
observed between 2800-2900 cm™' show the
presence of -CH,-H and >C-H stretching while
bands observed between 1600-1780 cm™
indicate the presence of carbonyl function. Bands
at around 1400 cm™' show the presence of
aromatic ring. Absorption bands between 1300-
1100 cm™' show the presence of syringyl and
guaiacyl residues while absorption peaks at
around 800 cm™' is established for C-H bending
vibrations of aromatic rings (Fig. 6). X-ray
diffraction pattern of lignin shows a diffraction
peak centered at 21.53°, a typical for standard
pure lignin isolated from other biomass residues

Center of Innovative and Applied Bioprocessing
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Figure 6. Comparison of FT-IR spectrum of isolated
lignin with commercial lignin standard

Figure 8. FE-SEM images of isolated ligninfrom spent
aromatic waste

(Fig. 7). SEM images established defibrillate and
polyhedric structure of the lignin, with granules of
varied dimensions (Fig. 8).

Salient Achievements

» Production of xylose, levulinic acid and lignin
from spent aromatic waste of palmarosa.

» Xylose could be isolated as a white solid which
produced neutral solution on dissolution in
water.

» The catalyst p-cymene sulphonic acid dihydrate
was prepared via semi-synthesis from fruit
processing waste of Kinnow mandarin.
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6- 3N-THBIad Bl TR FT YH: T HIATL: TH
T TRE A YW SHR AT 9o DI TA-Th i RIS (1.0
I, 1.0 SP3acic) 3R Tix TP TRTS (4 THTA) &
1Yy TR} T | T ifees TS & quf i gl 33 &
fore wfaforan farsor &t 40 e & forg FHR & IUAME R
TR wR Y foran | gHg didn & Sie, radTiS T
¥ Iuds el TRTS, JarRul & fag wifhfes oRrs,

OH

0.0 H,S0 059 OR
— +  RCOOH - 0
24 h, RT
HO o R = C11Hz,C13Hy, HO o
Ascorbic acid C5H31,Ci7H3s 6-O-ascorbyl  esters
AT 4. TS TRIS & A1y TWhiad TRTS & TRl & HIEH ¥ 6-3H-TWhiad UraHiee T T=eor
SN Fatty acids® Product Yield (%)
1 Palmitic acid OH 80%
HO
o -
o]
/\/\/\”/\’/\/\/\)LO lo]
OH
2 Stearic acid HO OH 76%
(o] —
(=]
/\,/‘\A‘/’\\/\/\\/‘\‘/\)'L o}
3 Lauric acid /J& 70%
4 Myristic acid /\iI& T3%

“Molecular ratios: ascorbic acid (1.0 equiv.); fatty acid (1.4 equiv. ) ascorbic acid-conc. HySOyq,
1:8 W/W; ascorbic acid-ice used, 1:4 W/W; ascorbic acid-food grade solvent, 1:5 W/W.
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A 03: Semi-synthesis of 6-O-ascorbyl fatty
esters and their fortification in edible oils
for shelf life improvement

Antioxidants capable of retarding the oxidation of
organic substances are frequently used in
enhancing the shelf life of materials e.g.
commodity fats and oils, flavours, cosmetics etc.
Synthetic antioxidants such as propyl gallate (PG,
E310), tertiary butylhydroquinone (TBHQ),
butylated hydroxyanisole (BHA, E320) and
butylated hydroxytoluene (BHT, E321) etc. being
petrochemical in origin, their application is a
matter of concern because of the formation of toxic
compounds after their degradations under
physiological conditions. Moreover, they require
extensive purification for food applications, as they
are contaminated with organic solvents, catalysts,
and starting materials used in their synthesis.
Natural antioxidant such as ascorbic acid (AA
E300) despite having high potential for use as
antioxidant, its application for shelf life
improvement of vegetable oils and animal fats, is
limited due to insolubility in such a hydrophilic

OH

00 OH
B +  RCOOH

HO o R = C11Hz,C13Hy,
C15H31,C17H35

Ascorbic acid
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substance. To broaden the application of ascorbic
acid, its chemical/enzymatic conversion to
lipophilic ester derivatives has been prospected.
Therefore, we investigated a high yielding, cost-
effective and regioselective gram scale process for
production of 6-O-ascorbyl esters by acid
catalysed esterification of ascorbic acid with
different saturated fatty acids and their separation
and purification from the reaction mixture using
various physical methods.

Research Progress

Regioselective synthesis of 6-O-ascorbyl fatty
esters: Charge a completely dried beaker or pot
with L-ascorbic acid (1.0 g, 1.0 equiv.) and conc.
sulphuric acid (4 mL). The reaction mixture is set on
stirring at room temperature for 40 minutes to
allow the complete dissolution of ascorbic acid.
After time elapsed, commercially available fatty
acids e.g. palmitic acid, stearic acid, lauric acid,
myristic acid etc. (1.8 g, 1.4 equiv.) is added slowly
to reaction mixture in small proportions followed by
a continuous stirring for 24 hours at ambient

OH
H,S0, 050 OLR
= 0
2 hRT HO  OH
6-O-ascorbyl  esters

Table 4. Synthesis of 6-O-ascorbyl palmitate via esterification of ascorbic acid with palmitic acid

SN Fatty acids®

Product Yield (%)

1 Palmitic acid

HO
0 _
/\/\/\/\,/\/\/‘\)Lo lo] °
OH

2 Stearic acid

80%

HO OH 76%

(o] =

SO Yoo

SUSUS N -

3 Lauric acid

4 Myristic acid

70%

73%

“Molecular ratios: ascorbic acid (1.0 equiv.); fatty acid (1.4 equlv.), ascorbic acid-conc. HySOyq,
1:8 W/W; ascorbic acid-ice used, 1:4 W/W; ascorbic acid-food grade solvent, 1:5 W/W.
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Figure 9. UPLC chromatogram of L-ascorbic acid é-palmitate

temperature. After time elapsed, the reaction
mixture is added slowly to another beaker
containing ice flakes (4.0 g) under stirring
condition followed by addition of a food grade
solvent such as p-cymene, ethyl acetate etc. (5 mL),
resulting in a white coloured solution which is
further stirred vigorously for 30 minutes. The white
coloured reaction mixture is placed inside a
refrigerator at 0-5°C for 30 minutes for layer
separation while product settled to bottom as solid
powder. Upper liquid layer consisting of acid, water
and organic solvent is removed by decantation
while bottom layer residing product is added with
water and set to centrifugation (9000 rpm for 20
minutes). Pellet is washed with water repeatedly
until pH of water reaches 6-7, drying of pellet at
temperature 60-70°C afford 6-O-ascorbyl fatty
esters in yieldsranging between70-80% (Table 4).

Ultra-Performance Liquid Chromatography
(UPLC) of 6-O-ascorbyl fatty esters was performed
for product identification/purity. 6-O-Ascorbyl fatty
esterswere quantified by UPLC (Waters) using
standards of 6-O-ascorbyl fatty esters(procured
from Sigma Aldrich) under the chromatographic
conditions stated as: C18 (4.6x100) mm with
particle size 5um, mobile phase 85% methanol
and 15% deionized water containing 0.01% TFA,
flow rate of 1.0 mL per min, column temperature of
30 °C, detection using PDA at wavelength 254 nm,
runtime of 20 min

Center of Innovative and Applied Bioprocessing

Process scale up (10 g) for regioselective synthesis
of 6-O-ascorbyl palmitate: A beaker was charged
with L-ascorbic acid (10.0g, 1.0 equiv.) and
conc.sulphuric acid (45 mL). The reaction mixture is
set on stirring at room temperature for 40 minutes
to allow the complete dissolution of ascorbic acid.
After time elapse, palmitic acid (18 g, 1.4 equiv.) is
added slowly to reaction mixture in small
proportions followed by a continuous stirring for 24
hours at ambient temperature. The reaction
mixture is added slowly to another beaker
containing ice flakes (40.0g) under stirring
condition followed by addition of a food grade
solventsuch as p-cymene, ethyl acetate etc. (37 ml),
resulting in a white coloured solution which is
further stirred vigorously for 30 minutes. The white
coloured reaction mixture is placed inside a
refrigerator at 0-5°C for 30 minutes, causes layer
separation while product settles to bottom as solid
powder. Upper liquid layer consisting of acid, water
and solvent is removed by decantation while
bottom layer residing product is added with water
and set to centrifugation, at 9000-12000 rpm for
20 minutes. Pellet is washed with water repeatedly
until pH of water reaches 6-7, drying of pellet at
temperature 60-70°C affords L-ascorbic acid 6-
palmitate (19.0g, 80% yield) with excellent purity
(~96%) (Fig. 9).

Regioselective synthesis of 6-O-ascorbyl fatty
esters from non-edible oil of Aegle marmelos:
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Figure 10. UPLC chromatogram of 6-O-ascorbyl fatty acid esters obtained from A. marmelos seed oil via semi-

synthetic approach

A stirring solution of ascorbic acid (3.0 g) and 98%
sulphuric acid (12 mL) in a RB flask (100 mL) was
slowly added with 5.4 g of A. marmelos seed oil.
The reaction was allowed to stir for 24hat ambient
temperature. After time elapsed, the reaction
mixture was added slowly with ice flakes (20.0 g)
and CH,CI, (12 mL) under vigorous stirring for half
an hour, resulting in a turbid solution which was
kept in a refrigerator at 0-50 °C for 2 h for layer
separation. The layer containing acid and organic
solvent was decanted while product settled to
bottom was added with water and subjected to
centrifugation at 9000 rpm for 20 minutes. Pellet
was repeatedly washed with water (until pH
reaches 6-7) followed by drying in a hot air oven to
afford a white solid powder (1.2 g). UPLC analysis
demonstrated a mixture of L-ascorbic acid 6-
palmitate and L-ascorbic acid 6-stearate (Fig. 10).
The work has been published in Natural Product
Research, 2018 (Accepted) DOI:
10.1080/14786419.2018.1499630.

Salient achievements

» Cost effective regioselective synthesis of 6-O-
ascorbyl fatty acid esters.

» Physical methods such as cooling and
centrifugation were used for separation of
products from reaction mixture.

» 6-O-Ascorbyl fatty acid esters were obtained in
high purity without column chromatography.

» Semi-synthesis of 6-O-ascorbyl fatty acids from
non-edible oil of Aegle marmelos.

Center of Innovative and Applied Bioprocessing

A 04: Affordable protein supplement in the
form of protein hydrolysate using corn
gluten meal.

Corn gluten meal (CGM), a by-product of the corn
wet-milling process employed for the production of
corn starch, contains majorly protein (60 - 71 %).
The protein fractions of the CGM are maijorly zein
and glutelin, representing 68 and 28 % of total
protein weight, respectively. Currently, its main use
is as an animal feed. Unpleasant taste and odour
has limited the use of CGM in human food,
moreover the major drawback of using corn gluten
meal in foods is that it is cannot be absorbed due to
their structures and composition. So, in maximum
cases CGM is discarded. Enzymatic hydrolysis has
been used to favorably modify the functional
properties of proteins, such that the hydrolysates
could be incorporated into foods for their flavour,
functional and nutritional value. This could be used
to resolve the problem of protein shortage
worldwide caused by increasing population growth
and improving economies.

Research progress

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 causes negative impact on
the environment in the long term. So this study
emphasis was on the enzymatic hydrolysis method
of making protein hydrolysate from corn gluten
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Figure 11. Effect of different proteolytic enzymes (1% pepsin + 2% pancreatin, both from porcine pancreas, 2%
papain from papaya and 2% protease from Aspergillus oryzae) on the digestibility of corn gluten meal in different time

interval

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. Corn gluten meal is deficient in lysine; to
balance it other food processing by-products were
incorporated. Various proteolytic enzymes have
been used for making protein hydrolysate but
imbalanced amino acid composition of corn gluten
need to be balanced as well which also makes it
difficult to be used as a food additive. Different
proteolytic enzymes (1% pepsin + 2% pancreatin,
both from porcine pancreas, 2% papain from
papaya and 2% protease from Aspergillus oryzae)
were used for corn protein hydrolysis in different
time interval and protease from Aspergillus oryzae
has shown the best digestibility (as shown in Fig.
11).

Corn gluten meal was treated with a green solvent
to remove the unpleasant odour in the ratio of 1:10
of sample: solvent (25%), followed by stirring with
overhead stirred for 3 hours at 1000 rpm. 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. Further, enzymatic
hydrolysis was standardized to maintain the proper
amino acid profiling in protein hydrolysate and
enhance its absorption and lysine content. So it can
be incorporated into various food products as a
source of protein. The corn protein hydrolysate by
using protease from Aspergillus oryzaewas
optimized with temperature, medium, time,
enzyme and pH. The lysine enhanced to 3.9%in 30
hrs of digestion along with balanced amino acid
(Fig. 12).
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Figure 12. Showing amino acid profiling of protein hydrolysate from corn gluten meal in HPLC (Protease (Aspergillus

oryzae)- 3%, pH-10, Temp.-55 °C)
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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.

A 05: Chemo-Enzymatic Processing of
Kinnow Juice Industry Waste for Value
Added Nutritional Products

“Kinnow,” is ahybrid 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 fibre (20-35
g fiber/day, or 10-13 g/1,000 kilocalories).

Einnow industry by-product

Maringinase
(NATE-0653)

Annual Report | 2018-2019

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 (Fig. 13), 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 (Francisco et al.,
2016). 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

Debittered pulp Naringsnin
OH
?"1‘?%‘} HO. I [j

Figure 13. Mechanism of naringinase enzyme to debitter kinnow juice industry by-products

Center of Innovative and Applied Bioprocessing
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Experiment Kinnow pulp Kinnow pomace Enzyme treated Enzyme treated Co-enzymatic Co-enzymatic
(%e) kinnow pulp kinnow pomace treated kinnow treated kinnow
residue (%) (%) pulp residue (%) pomace (%)

residue (%0)

Ash 0.530+0.02 0.61 +0.05 043+ 0.02 0.59+0.01 0.41+0.01 0.58+0.02
Crude fat 42+ 0.08 1.61+0.71 4.03+0.05 1.50+0.03 2.95+0.03 1.03+0.01
Crude fiber 1694+ 1.98 17.85+2.94 10.39+1.42 11.50+1.31 10.32+0.2 11.45+0.1
Dietary fiber 60.4+ 0.04 4511+ 0.04 63.8+ 0.01 44.9+0.02 81.45+0.11 5895+03
Pectin 3.02+1.43 542+1.26 3.69+1.25 5.52+1.20 2.78+0.03 5.62+ 002
Crude Protein 10.9+1.03 12.02+1.04 998+ 0.88 11.02+ 0.65 0.78+0.01 1.09+0.02

Note: Enzyme treated kinnow pulp residue and kinnow pomace (% , w/'w) — treated with nariginase
Co- enzymatie treated kinnow pulp residue and kinnow pomace (% , w/w) - treated with nariginase + protease
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rich in oligosaccharides with antioxidants and then
to dry the nutrient formulation.

Research Progress

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. Bitterness of these by-
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products also restricts their use in production of
food products and needs considerable attention.
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 solventogenesis method, maximum
bitterness causing compounds like naringin and
limonin got solubilized in acetone with sample:
solvent ratio 1:10 at ambient temperature for 3 hr.

—+—Dec. in naringin(mg/g)

b- Plomace —&—1Inc. in naringenin(mg/g) L6
0.9 | 14 -
0.8 - La L0

@07 | 1.2 &0
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Figure 14. Shows the hydrolysis of naringin and conversion to naringenin by treating with naringinase enzyme in a)
kinnow pulp residue and b) kinnow pomace at different enzyme concentration at 50 °C for 4h

Table 5. Chemical characterization of kinnow juice industrial residues after enzymatic treatment (on dry weight basis)

Experiment Kinnow pulp Kinnow pomace Enzyme treated Enzyme treated Co-enzymatic Co-enzymatic
(%e) kinnow pulp kinnow pomace treated kinnow treated kinnow
residue (%) (%) pulp residue (%) pomace (%)
residue (%0)
Ash 0.30+0.02 0.61 + 0.0 0.43+0.02 0.58+0.01 0.41+0.01 0.58+0.02
Crude fat 42+0.08 1.61 +0.71 4.03+0.05 1.50+ 0.03 2.95+0.03 1.03+0.01
Crude fiber 16.94+ 1.98 17.85+2.94 1039+ 1.42 11.50+1.31 1032+0.2 1149+ 0.1
Dietary fiber 60.4+0.04 4511+ 0.04 63.8+ 0.01 44.9+0.02 81.45+0.11 58.95+03
Pectin 3.02+1.43 542+1.26 385+ 1.25 5.52+1.20 2.T78+0.03 5.62+ 002
Crude Protein 10.9+1.03 12.02+1.04 998+ 0.88 11.02+ 0.65 0.78+0.01 1.08+0.02
Note: Enzyme treated kinnow pulp residue and kinnow pomace (% , w/'w) — treated with nariginase
Co- enzymatie treated kinnow pulp residue and kinnow pomace (% , w/w) - treated with nariginase + protease
Center of Innovative and Applied Bioprocessing 81
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enzymatic method, compound naringin,
responsible for bitterness in kinnow was converted
info non-bitter compound naringenin by using
enzyme naringinase as shown in Fig. 13. Optimum
reduction in naringin has been observed with 1% of
enzyme concentration in 4 hrs of incubation period
at temperature 50 °C. The reduction percentage of
naringin was almost 66.58 % in pulp residue and
73.09% in pomace respectively (Fig.14).

Enhancement of dietary fiber without bitterness
has been done by using co- enzymatic treatment. In
this method kinnow juice industry by-product was
treated with enzyme naringinase and protease at
similar operational parameters. Kinnow juice
processing pulp residue and pomace constituents
before and after enzymatic treatment has been
shown in Table 5. The major content is the dietary
fiber. In kinnow pulp residue dietary fiber is 60.4 %
and in kinnow pomace itis 45.11 %. Post enzymatic
treatment crude fiber is 81.45% and 58.95 % in
kinnow pulp residue and kinnow pomace,
respectively.

Total dietary fibre content after enzymatic
treatment of kinnow pulp residue and kinnow
pomace is achieved to be 63.8% and 44.9 %.
Whereas in co-enzymatic treatment, the total
dietary fiber is 81.45% in kinnow pulp residues,
which shows 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. This
process is not only an effective utilization of agro-

Annual Report | 2018-2019

industrial by-product but also a solution to the
environmental pollution caused by kinnow juice
industry.

Salient Achievements

» Co-enzymatic treatment with nariginase and
protease enzymes at 50 °C in 4 hrs of incubation
period showed efficient debittering and high
content of dietary fiber in kinnow pulp residue
and kinnow pomace.

» Reduction percentage of naringin was almost
66.58 % in kinnow pulp residue and 73.09% in
kinnow pomace.

» The dietary fiber content in Co-enzymatic
treated (naringinase + protease) kinnow pulp
residue was achieved 81.45 % and in kinnow
pomace was observed as 58.95%.

» The original flavor of kinnow without bitterness
has been observed in co-enzymatic treated
along with rich in dietary fiber. Thus, it can be
used for kinnow flavour food products.

A 06: To develop a liquid whey beverage
named CIAB-NAVITA containing a fibre rich
preparation from fruit processing by-
product and its production process and uses

In India, 3 million tons of whey is produced every
year with 2 lakh tons of essential milk proteins. As
per the current practices in the dairy industry in
India, the majority of the solid components of whey
are thrown away as wastage. This is a dangerous
practice as not only it incurs huge loss to the

Effective utilization of the by-products of food Industry

for health drink

.|.'i'i“ &

Ewnow  Tomato

Whey as a by-product of dairy induostry
(Rich i whey protein and calcium)

Bana

Added treated fruit processing
by-products as a source of

CIAB-NAVITA

Figure 15. A process has been developed for preparing a heathy drink by utilization of dairy waste (whey) with fiber
sources (Kinnow processing by-product, Tomato processing by-product, banana pulp (fiber source)

Center of Innovative and Applied Bioprocessing
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Time Bacterial Count (10 dilution (CFU/ml))
eriod

?]) ays) WB1 ‘WB: WB3 WBy WBs WBs WB>
15 0 0 0 0 0 0 56
30 0 27 0 0 08 15 198
45 0 108 02 0 84 109 =300
60 24 197 142 09 126 178 =500

Note: WB; — Kinnow flavour whey beverage with 0.1 % clove and 0.1 % cinnamon, WBz —Tomato flavour whey
beverage 0.1 % clove and 0.1 % cinnamon, WBz — Choco banana flavour whey beverage 0.1 % clove and 0.1 %
cinnamon, WBy — Control whey beverage with 0.1 % sodium benzoate, WBs Control whey beverage with 0.1%
clove, WBg- Control whey beverage with cinnamon, WB7 — Blank whey beverage without any preservatives.
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Table 6. The shelf life study for bacterial count (CFU) with 10-4 dilution of whey beverage natural preservative as

ingredient at room temperature

Time Bacterial Count (10 dilution (CFU/ml))

eriod
?]) ays) WB1 ‘WB: WB3 WBy WBs WBs WB>
15 0 0 0 0 0 0 56
30 0 27 0 0 08 15 198
45 0 108 02 0 84 109 =300
60 24 197 142 09 126 178 =500

Note: WB; — Kinnow flavour whey beverage with 0.1 % clove and 0.1 % cinnamon, WBz —Tomato flavour whey
beverage 0.1 % clove and 0.1 % cinnamon, WBz — Choco banana flavour whey beverage 0.1 % clove and 0.1 %
cinnamon, WBy — Control whey beverage with 0.1 % sodium benzoate, WBs Control whey beverage with 0.1%
clove, WBg- Control whey beverage with cinnamon, WB7 — Blank whey beverage without any preservatives.

valuable nutrients present in whey but also causes
colossal damages to the environment.

Research Progress

The present process developed a dietary fiber rich
whey beverage, which conglomerates the
refreshing taste and the health benefits of whey and
fruit dietary fiber. The kinnow pulp residue (left after
juice clarification) was treated with lime and
acetone for removal of bitterness. The acetone
treatment results with improved flavor of kinnow
pulp residue. The liquid whey, which is rich in
minerals, protein and lactose, is fransformed into a
nutraceutical beverage enriched with tasteful and
prebiotic dietary fibers derived from fruit
processing residues such as kinnow pulp, tomato
processing by product, banana pulp, and apple
pulp as shown in Fig. 15.

The shelf life study was conducted with natural
preservatives and its combination as ingredient in
whey beverage. The natural preservatives like
clove, cinnamon and their combination were
added as preservatives. Then the bacterial growth
was compared against the control samples viz.
One with sodium benzoate and the other without
preservative. Table 6 shows the colony growth
(bacteria) of the different variants of the beverage.
We can achieve shelf life upto 45 days with the clove
cinnamon combination as preservative except for
tomato variant. Further natural preservative
options including pomegranate peel, rosemary

Center of Innovative and Applied Bioprocessing

extract will be tried to enhance the shelf life at
ambienttemperature.

Salient achievements

> Simple and cost effective process has been
developed to prepare a Prebiotic Ready-to-Drink
(RTD) whey beverage with fiber which was
produced from fruit processing by-products
waste

s ‘\I
N
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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, levulinic acid,
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: To prepare nanocellulose composites:
reinforcemnt of cellulose acetate film with
nanocellulose (with lower residual lignin
content) asfiller.

Rice straw is one of the most underutilized by-
product especially 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 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 superior thermal, mechanical and barrier
properties.

Research Progress

Preparation of all cellulose composites:

Cellulose acetate (CA) is one of the most
important organic esters obtained from natural
sources. Its 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. 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

Figure 1. (a): CNF (1 wi%) 5 mg in 0. 5 mI DMSO (6-11 nm)(left) and; CNF in DMSO optimized at different solvents ratio

DMF:DMSO:DCM (right )

Center of Innovative and Applied Bioprocessing

87



arffe yfedes |1 2018-2019

ol Y Fg & ford faa sraf-a ST fadR R 3R |

SHTYHI 37eqT Yol THIcE WR SR Huifoie afgd
TOCNs & YR WR Hiad & S 3fifdwa iR Tifie on,
g TN Y@t A-IpRed R & ¥ H, Afe T
IS BT I THYST B3 arae b Y 1 3ift e uar
T Ta 8 | 39 foIT CNFs &I ga=iiaar & SuR W
(1) SreT Hicded o SuHTHs SR SITATG &
JORT foraT T T |

ffHa o7t forwraett 181 ¢ | 3wieng fbed daR & for fafve
TUCS] BT 3H e HRh b Ul I fafd b1 U
g

> At & TN IUTIT T o aTe Yl Tiiee &1
UbR: THTIAT SFHa |

> 3T faemaes g Bfee 3 forg Ui farar ST § ok
NCACRIPEICRET

> Thiol G Aqaret A-ITh e T IuanT 4_1a: Afeaa &

YR TR HRTG SFUT|
> TR Aqael glee UG aie |

fAfRE A ITRga @) iR Al ew:

e @ we fafte diedey &1 udemr far mar
@FAHifean), SEuRd IohlaEs [ h D),
A @), FEaRAAT (@dh) ), FARIm (Hdh
), Ay (@i, wiv & 91y BiAHEs 3@
a7 fafE AT IR A el | DMSO 3R DMFAH®

fort 2. 70:30 DMSO % 1Y TR fhT 7T A-ioregarst fhel 1 URGRIAT: DMF (@T9) 3R 90:10 DMSO: DMF (&Td)

e feeman A egis & A b egar A5uH 7 fay
guSuHTgs Fafefed sie sl & femmarmary |

A Hulfere & 1Y H Aega Riiee ot dar:
YR FIRT & §Te, DMSO ! G+ ARy Shulfore &

fore faeimaes o SO & g1 TN | TRTHIT0.3,0.4,0.5 wt% CNF
BT o SITATHSH THTYH § 4T fo5ar ma 3R 25 df R
T IR BS fearIdiRid (= 1) | 39% o1g Al il
AT & forg THiee iR T & feu s fearad R |
Sd GEYH §F 71,98 U & \@HE H 30 e & fog
HiHldre foar Tar o1 | FHIYE &1 $e AR Ut ©ie J Srar
T 4T 24 & T 40 R 62 | & FU H ARG bt J1T

88

% 3f3 g2 et T, forew oot uReRfar we ot 8 (R 2
3R3)|

o 3. R B TS wHy b Bt Spfa fagm A eggie 8tk
Y@ THICe & iy

Aol U9 U dd old UHIHRUT Dw



applications but still several attempts have been
made to improve their different properties and
expand their vastimplementation.

Most of the studies were focused on improving
the optical and mechanical properties of the
cellulose acetate based composites including
TOCN:Ss, 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 used
based on the solubility of CNFs (Fig. 1). Most of
the cellulose acetate composite films were formed
by electrospinning which is not economical.
Hence a simple casting method was used for film
preparation by optimizing various parameters.

Annual Report | 2018-2019

> Type of cellulose acetate to be used as matrix:
concentration optimization.

» Common solvent to be used for both matrix
and filler : selection of solvent.

» Use of freeze dried cellulose nanofibrils as
filler: filler ratio based on the matrix.

» Properties of prepared cellulose acetate
composites.

Dispersibility of nanocellulose in different
solvents:

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 differenttemperature. Out of all,

Figure 2. Transperancy of nanocellulose films prepared with 70:30 DMSO:DMF (left) and 90:10 DMSO:DMF (right)

DMSO and DMF showed some suspension of
nanocellulose. Transmission electron
microoscopy, TEM of nanocellulose dispersed in
DMSO is shown in following figures.

Preparation of all cellulose composites with
cellulose acetate:

After preliminary experiments, DMSO was
selected as solvent for all cellulose
composites.Weigh around 0.3,0.4,0.5wt % CNF
in DMSO solution and left at stirring at 25 °C
overnight (Fig. 1). After overnight, add cellulose
acetate to the solution and left for stirring
overnight. When the solution became
homogeneous suspension, it was sonicated for 30
minutes in water bath. Some amount of solution
was poured into the petri plate at 40 °C for 24

Center of Innovative and Applied Bioprocessing

hours. As amount of nanocellulose increased in
film composition, transparency of the film
decreases (Figs. 2 and 3).

Figure 3. Morphology of the composite film prepared
with nanocellulose and cellulose acetate
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Figure 4. TGA of cellulose composite film CNF-0.2 wi%

The a- cellulose obtained was treated with
different concentrations of H,SO, (45 - 75 wit%), at
different temperature range (30 — 50 °C) for
different hydrolysis time periods (1 hr- 3 hr).The
ratio of the obtained cellulose to liquor was 1:20.
The hydrolyzed cellulose sample was washed
several times with distilled water by centrifugation
(8500 rpm & 15 mins) in order to remove the
excess of sulphuric acid. The suspension was then
dialyzed against distilled water until a constant pH
was reached and finally the resulting suspension
was sonicated using probe sonicator (Sonics Vibra
cell) to correctly disperse suspended nanocrystals
and then freeze dried. The optimal value of stage
efficiency came outto be 92 %.

Further it was upscaled (ratio — 1: 300) at TDC,

NIPER, Mohali under following objectives:

> Optimisation of the parameters for the
production of Cellulose Nanocrystals from rice
straw derived a- cellulose.

> Scaleup of the optimized process parameters
in the ratio 1:300.

Optimisation of the parameters for the upscale
production of Cellulose Nanocrystals from  rice

Annual Report | 2018-2019

straw derived a- cellulose:

Optimization has been done through RSM studies
where factors and levels have been decided as
below (Table 1). The CNC so prepared has the
morphology as shown by the SEM micrographs at
50 um below (Fig. 5).

= '_ ¥ 2
0

E;HEF Lzl BEN HCks i),

Figure 5. SEM image of CNC

Scale-up inthe ratio 1:300:

Rice straw bought from Punjab, India was used as
a raw material for the production of cellulose
nanocrystals. Sulphuric acid as of commercial
grade. Equipment of TDC, NIPER, MOHALI such
as R-04 SS reactor, R-02 glassline reactor and one
basket centrifuge were used to carry out the
reactions in a pilot scale.

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.

Table 1. RSM optimization for upscale production of CNC

Factors Actual level of coded factors

Conc. of H.SO4 45 60 75
Time (hrs) 1 3 5
Temperature (°C) 30 40 50

Center of Innovative and Applied Bioprocessing
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B 02: Preparation of cellulose nanocrystals
from broom grass

Broom grass (Thysanolaena maxima); a new
natural fibre is extracted from the stems of the
broom grass, collected from Assam. A brief
introduction about the broom grass is outlined
below. Thysanolaenamaxima belongs to the
family of Poacece. The vernacular names of
broom grass are Jhadughas (Hindi), Amliso
(Nepali), Phoollhadu (Assamese), Bouquest
grass, Tiger grass, Broom grass (English) and
Cheepurugaddi (Telugu). It is mostly found in the
slopes of hills, damp steep banks along ravines
and on sandy banks of the rivers. It is distributed
widely throughout the country up to an altitude of
2000 m. On an average 4-5 tussocks of broom
grass can be found in the area of 10 m®. The
Annual National Production of broom grass is
68410 quintals/year. lts inflorescence or flowering
culms are used mainly for making broomsticks or
brooms and the left out portion can be been used
for the production of nanocellulose.

Annual Report | 2018-2019

Production of cellulose nanocrystals from
broom grass:

The a- cellulose obtained from broom grass was
treated with different concentrations of H,SO, (55-
75 wit%), at different temperature range (40 - 60
°C) for different hydrolysis time periods (0.5 - 2 hr).
The ratio of the obtained cellulose to liquor was
1:20 (%wt) . The hydrolyzed cellulose sample was
washed several times with distilled water by
centrifugation (8500 rpm & 15 mins) in order to
remove the excess of sulphuric acid. The
suspension was then dialyzed against distilled
water until a constant pH was reached and finally
the resulting suspension was sonicated using
probe sonicator (Sonics Vibra cell) to correctly
disperse suspended nanocrystals and then freeze

dried.

The CNC so prepared has a particle size in the
range of 5 -11 nm as predicted by TEM and is
shown below (Fig. 6).

Salient Achievements

» A process is being optimized for nanocellulose
preparation from broom grass obtained from
broom grass.

Figure 6. TEM image of CNC

Center of Innovative and Applied Bioprocessing
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IR B B 3IAF g, oH YR &1 INeH 2.64
fafero sriat STeR 8, 1 Af¥es IR %7 8.5% B, 3R
ol A STSIR 3 Iy Ut af 17,500 fobelt e Iare
! AT ¢ Fhaec IR TRE 1A § o SIS,
FHeAD, SaieR MAfFE 3R TR-3mafie ghace | 5
IR UHR & Yhace § F, -3 ® Thdec & 3wy

l Hemicellulose I

(o]
Phenolic J Q.

BES § Fife 3 Tt # smafd I8 g § e
RO § T & 3 Sfed flsor & Iy S
F1d § 3IR 9 Sdagienscd & Ufd $H Hda-Rid g, it
I I T HAR AU UHfd & U H ST HRA &
U SER ST ] | TP SHTaRD ATH T8 © b gq Tthae
F o fauTeddr 8| gihadce &) U g gaen 8, died
A B, fEesle, a1 ham a1d Tele, HivH & &0 &
IR, O, FefivR, e, Ue sk e anfe |
ST W

i) TTad & Y& A Rifirer-gergsn eges

TRICTaed Wi Fad & 4 & S fediede &
a1 3 fafirs S TRIS & w1 SaHTa-urT & s
o fiyaman o foras oo forst 8 URd fru e B | dfde s
e This IaR® & U | SRR gl 399 9
dffesw thre & 9 & 4@ # Aive T gedHt &
Sferd ® HRIa urn T4, fSH 49.3% et gaa
e, 28% SHRITTEN 3R 6% A &1 dgfefa
R ¥ o 59 argd & YH BT 3are b T dl 51%
@S @ RferenT e

(o). (0,
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B 03. Disintegration of agro residue-rice
straw- into value-added chemicals and
their derivatives

Efficient disintegration of lignocellulosic biomass
and isolation of three major constituents, such as
cellulose, hemicellulose and lignin is one of the
biggest challenges in the biorefinery. As ligninis a
heteropolymer with recalcitrant nature, the
selective transformation of lignin into potential
targeted chemicals is intriguing but generally
challenging. On the other hand, conversion of
cellulose and hemicellulose to high-value
chemicals and fuels are promising, as they have
the potential to replace petroleum-based
chemicals. In connection with this, the major
research focus for next one to five years would,
therefore, be an efficient utilization of secondary
agricultural residues such as rice straw, corncob,
mango seed into potential bioproducts, such as
alkyl pyranosides (biosurfactants) (Fig. 7).

The global market size of surfactant is
estimated to be USD 30.64 billion in 2014, of
which India contributes USD 2.64 billion, 8.5% of
the global market, with a total global market
volume of 17,500 kilo tons production per year.
There are four different surfactants viz. anionic,

l Hemicellulose I
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cationic, zwitterionic and non-ionic surfactants.
Over these four types of surfactants, non-ionic
surfactants have good advantages as they do not
ionize in water, resulting in making their
compatibility with other complex mixtures in water,
and they are less sensitive to electrolytes which
makes to use in water having a high or hard
salinity nature. One of the essential advantages of
this surfactants is having a low toxicity. Surfactants
have a wide range of applications in cosmetics,
detergents, pharmaceutical dispersing agents,
food as emulsifiers, beverages, cleaner, additives,
paints and coatings.

Research Progress

i) Silica-removed cellulose from rice straw

The extractives removed rice straw was subjected
to organosolv pretreatment with various organic
acid catalysts in the ethanol-water mixture, and
the results are presented in Fig. 8. Lactic acid,
levulinic acid, formic acid, acetic acid and oxalic
acid are employed as catalysts. Lactic acid was
found to be efficient for the major components
present in the rice straw, yielding 49.3% silica-
intertwined cellulose and 28% hemicellulose and
6% lignin. Levulinic acid treated rice straw also
yielded 51% cellulose plussilica.

C5-platform
chemicals

HO™ "OH

H OH .
Alkyl pyranoside
(non-ionic surfactant]

Figure 7. Schematic representation of valorising rice straw to potential chemicals
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o1 8. faftrs wrafe RIS & 1Y Irad & I &1 Dedcde
(A T UHT: 500 mg; TS TRIS: 0.1 M; 3AATA: HTalfdH
AT =7.5:7.5ml;160°C; 4 h

g 71d & [ TRIS &1 pka AT sr g sie s TRIs &
T d It TG 81T, T eI SIS &1 &Hdl BT Habd
T B, S A9d & YA Bl faged A d geH 71 39
T Sfiqiferes TRIS &1 pKa dfdes TRISIHH 7,
N g GRITCT § BT SHaRiferd RIS ST & °id o S
T S BReb faTe Y 398 BRaT ¢ | gTetifep, Afded
I SEY T Ue HRdl ¢ T I8 dl Ierdl § [ 37
gRfufet & 7ed pKa T @1 3fad 8 39D
sifafe, dfdees TS # oo grggiioRae Wi Bidl & Sl
Qfdess 3R aad & YA & o GG IoH SISt ST §
3R o TS #Y go H fger & QuR orr 81 395
TATA1 39 IYAR o URUTH WEY gHH AN (26.04%)
3R AR (7.2%) famgaa gan|

3T AIYEST T YHTT S THFIAT, AT 3R dTIH T
3fera foran T o, 3R et uRomd o 9 & Ofe €
ot oA T 8 b Affe s tRis &t wwmrar®0.190.2M
i ¥ Riftier-Serdes &1 IusT U@ 44% 9 TGHR
49.9% B! 4T 3R fhR dgd THT UIST Uchr 49.5% 8
T W dfdeds TS &t UdrEr 0.3M aet o ud
STERH 3 TS e IaRS & YASHT & ddhd
T Ul Il 8 | THY BT UHId I8 Ybd ol & fb gd
JUER & 1h & dlg, Rifel-§erdes dgars B!
SR UT (66.2%) ST NREL UfshaT 3 SIAR Aegas] 3R
fferer & o Il I ot § (W IRe), R
@ SR fafm yml &1 Igas & Y IS g
HT Yobd firerar g | RiferpT-gexdes et (50%) Ifd
AT H 1 & o si1awas § for SUaR 199y (R 9 B)
46 T b Jegael Al F T H 6 G B aTe BIg
Ity gfg Tet 1 Aqee Read & 120 3R 140
& R ®KE JeaE 76 g@r T sHfey 160 U &
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Irac b YA B S TRE1 TUT SR W g &
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Figure 8. Rice straw pretreatment with various organic
acids (Rice straw: 500 mg; organic acid: 0.1 M;
Ethanol: Organic acid = 7.5:7.5 ml; 160eC ; 4 h

It is known that the lower the pKa of acid the higher
the strength of the Bronsted acid, suggesting that
more ready to give up the protons which can
facilitate the disintegration of major components
in rice straw during the organosolv treatment.
With regard to this, oxalic acid has lower pKa
value than lactic acid, inferring that oxalic acid can
readily donate protons into the solution and
favour disintegration. However, lactic acid
afforded optimum yields of silica-intertwined
cellulose, hemicellulose and lignin, suggesting
having moderate pKa value would be appropriate
under these conditions. In addition to this, lactic
acid has a hydroxyl group which could facilitate
the hydrogen bonding network between lactic
acid and hydroxyl moiety present in rice straw and
thus improving the disintegration compared to
other acids employed in this study. Moreover, this

Annual Report | 2018-2019

treatment resulted in the liberation of
hemicellulosic (26.04%) and lignin (7.2 %).

The influence of other parameters such as the
concentration, time and temperature was studied,
and the results are illustrated in Fig. 9. Figure 9a
shows as the concentration of lactic acid increased
from 0.1 to 0.2 M, the yield of silica-intertwined
cellulose increased from 44 to 49% and then
slightly decreased to 49.5% when increasing the
concentration of lactic acid further to 0.3M,
indicating the role of organic acid as a catalyst
during the pretreatment. The influence of time
indicated that after Th pretreatment, the silica-
intertwined cellulose was quite high (66.2%) which
exceeds the total content of cellulose and silica
(plus ash) according to NREL procedure,
indicating hemicellulose and lignin parts might
still be intact with cellulose. The treatment time
required for having an appropriate amount of
silica-intertwined cellulose (50%) (Fig. 9b) was 4 h
as no notable rise in terms of cellulose content was
observed for 6 h pretreatment. The optimum
cellulose recovery was achieved at 160°C and no
significant changes were observed at 120 and
140°C (Fig. 9¢).

The rice straw possesses recalcitrant nature
due to its complex structure as its outer surface was
predominantly covered by silica layer; thus
emphasising the removal of silica is imperative. It
is known that bases can be employed in the
desilication processes. The extractive-free rice
straw was initially treated with various bases, such
as NaOH, NaHCO,, Na,CO, and urea, and the

60
(@) o

?50_ _ 486
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5 S

=] @

Eh g

3 E

o 20 =2
&)
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Figure 9. Cellulose yield as a function of concentration(a), time (b), temperature (c). The amount of cellulose was

calculated based on oven-dried weight
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qrferent 2. 9rad & YU W e gem & fog fafte SRt &1 gua

S.No. Base Solid recovered Ash content (%)*
(%)
1 Untreated rice straw -- 11.3
2. NaxCOs3 74.4 4.9
3. NaHCO; 67.9 5.6
4 Urea 67.9 6.5
5 NaOH 69.8 2.8

TRICTaed Wi T (3 2.5% H HT) | ufaferar ot fRUfA: I1ad &1 43 100 mg; T 0. 07M; ATUHM 70 °C; THY 4 e | * HIRTRH &

TS SRS T | TUHT T & 3aH-G aoi R R g1

#, 3T g diferepT 2 H TRgd fbu T § | SR F i
S fam fdft v a6 70 TSR 4 9oe d
Fad & YUY I s A & NaOH (0.07M) 9&™
T T, o R1G9R & IR 1 &1 gfY Tauiuad! &
e aur fafd & o uv-vis WP FRd g
IUER & d1C, 3N AaRN I F7 A, sHga
IR B 575 fERwR 24w & forw wid fosarman,
IR 1 g3 gd wg U= RifererT & SU SRR ¥ e
FI AT 31 3 99 & I IR O Jifsan
FIai-e, Qifean ssdEe 3R gikar, ffee ot oa
JA-RITAd] BT, 91ad & I & A1 RiferesT &1 g &t
AT T AT A S b 37 3R B g NaOH
FIAAYGS dad & Y B qdg W Rifiesr &
ffpar eIt § qur ifsan e sarg|

ST B 1 ¢ o o TR fded Traa & ¥ ¥ Rifere
H e & o gurdt ©u § guifad axar g @sus
U ¥, 3 & TN IR SR IUDR AT IR

T 5 ST aF 53 T B Aad & 4@ B sAS
(CRSdea-bl) &R &9 (NaOH) & 91Y &1 H
ffiAraea faftr 7 Faa Rferet Feaa &, oy o
Ty FegrIge 3R fafde fos amn W vedt 3139
UHR, Jegalol, eHegay 3R i &t fiRrae sy
FA G TG g e offffbied gd SR & a1
S SUDR fhar o S aRomy drferet 3 3 oRgd
f5T T &1 NREL & SR Ufehar, o =g & Y&

36.7% Jogald, 13.3% gHIega, 15.8% oM iR
11.3% 8 @ fAferam1 3 |

S b Ug e S foan T B, Hiegay I Hew
Y HH UTE TS ¢ | I1ad & Y BT ITAR NaOH F A1y
foraT T &, sivATdIea e @UaTa-ur & s s
0T R dfded RIS U6 IARS & I H) 283%
IGAN, 16.4% U@, 2.5 I 3R 6.0% @
fiyeran ¥ 1 fererare 8, afg Riferet o1 srema gk ol @
foparoiar g St o sifrifiera Ut 3R 34 a1e &

it 3. 319 & Y R gd 3R a1 & &R STIR & GHIT

Treatment Cellulose(%) Hemicellulose(%) Lignin(%) Ash+silica
(%)
Native Rice straw 36.7 13.3 15.8 11.3
NaOH treatment + Organosolv 28.3 16.4 02.5 06.0
Organosolv + NaOH treatment 36.6 26.1 07.2 05.9

fafomar o fRufa: Trad &7 Y- 500 mg (Taefaed )| 31 2.5% B g1
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Table 2. Effect of different bases for silica removal on rice straw

S.No. Base Solid recovered Ash content (%)*
(%)
1 Untreated rice straw -- 11.3
2. NaxCOs3 74.4 4.9
3. NaHCO; 67.9 5.6
4 Urea 67.9 6.5
5 NaOH 69.8 2.8

Extractive free composition. (Loss in Extractive 2.5%). Reaction Condition: Rice straw 100 mg; Conc. 0. 07M; Temp. 70

2C; Time 4 h. * Sample recovered after calcination.
Calculations are based on the oven-dried weight of the samples.

results are presented in Table 2. Among the bases
employed, NaOH (0.07M) was found to be
efficiently removing silica from rice straw without
compromising degradation of its major
components at 70 °C for 4 h, as confirmed by
subjecting the supernatant liquid samples to HPLC
for sugars and UV-Visible spectroscopy for lignin.
After the treatment, solid residue composed of
cellulose, hemicellulose and lignin was calcined at
575°C for 24 h and the leftover was
predominantly ash, suggesting the efficient
removal of silica by the base treatment. The
treatment with other bases, such as sodium
carbonate, sodium bicarbonate and urea,
showed a small amount of silica remained intact
with rice straw which might be due to lower silica
solubility. It is known that NaOH can efficiently
react with silica on the surface of rice straw to form
sodium silicate compared to other bases to form
their corresponding salt.

As the base treatment effectively influenced the
removal of silica from extractive rice straw (vide

supra), further experiments have been performed
by applying the base treatment after the
organosolv pretreatment. Treating rice straw
(extractive-free) with alkaline base (NaOH)
followed by organosolv method led not only to
removal of silica but also a significant loss in
carbohydrate and lignin contents. Thus, it is worth
performing organosolv pretreatment followed by
base treatment to alleviate the degradation of
cellulose, hemicellulose and lignin, and the results
are presented in Table 3. According to the NREL
procedure, native rice straw possessed 36.7%
cellulose, 13.3% hemicellulose, 15.8% lignin and
11.3% ash plus silica. As mentioned before, the
hemicellulose content was found to be moderately
low.

Treating rice straw with NaOH followed by
organosolv approach (ethanol-water mixture as
the solvent and lactic acid as a catalyst) afforded
28.3% cellulose, 16.4% hemicellulose, 2.5 lignin
and 6.0% ash. Interestingly, the silica removal was
performed by the other way around, that is,

Table 3. Effect of pre and post alkaline treatment on rice straw

Treatment Cellulose(%) Hemicellulose(%) Lignin(%) Ash+silica
(%)
Native Rice straw 36.7 13.3 15.8 11.3
NaOH treatment + Organosolv 28.3 16.4 02.5 06.0
Organosolv + NaOH treatment 36.6 26.1 07.2 05.9
Reaction Condition: Rice straw 500 mg (extractive free). Loss of extractive 2.5%
99
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JUAR, 36.6% QIS 26% sHbAN, 7.2% i
3IR 5.9% g fAerdl €, T8 EfPIv Acqenisl 1 FRTae
(36.6%) 3fdd: HH T I Gl § Sl NREL BT JudNT
PRSP U Jearet Al & 0 81 afS S BT SKAT
TR TS GRA a1 1T § dl g egad iR fafie
DA H GYUR GO § 1Y & @l &f fRTae ot v
§< ¢ 3ufer, ue eRHI0 T1ad & W o1 faued gd
&R TR &1 goT & 31feh ugara uram T |

ad &b Y 3R 3P O TAI &b TATHS TRac1
R YUY 3R TG & STIR & YT BT FTIR H fazaior fasan
1 T difch JUAR BT G&fel (I 10) BT THS S b |
AEA BT YA T T J JgAr, sHega, i
IR Rferet ¥ &1 g1 &, S99 fafie ree I
(-OH, -C = O, -CHO, C = C-, Ar, 3Tfe) B &, f51= FTIR
forzaryor & e foar o war 81 s 10 =it wraa &
Y ¥ ST Hegale, gHIegey SR ffde & WaeT &
feamar g SR faRiw Aifedt &1 3% Srrma B YR HRAH
forg gy T B1 U sTSsS 3200-3400 T 3R 2900
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I =T TGS & O-H 3R C-H T A ar T
I8 919 ¢ % Igas § @ SHsdl U 1,4
TEHINTSH feidhel GRT IS 85 6, 3R HH: C-H 3R
C-0-C 58 &} I fa=war Fifeat &Y -1902 3R 1157
I TR a1 AT ATl 1057 A R feaTs o ATl 9t
B! Uegd H fg il Sfehigd SR S & U1 -C-0- TG
& 1Y SIST o Tl ¢ | SHRIY 3R ol ofei &
amal H, 1720 YA B AT ST TS SR Y C=0 Wi
¥ wU H W S gHaT g1 2900 I W AT
A 3R I & c-H RS Far s g2 |
s FHRICAN &1 U & fore Sifies sftaeion g, 3afere
1639 9" W uw FfEy e fezaran man 81 3iiege™
T U Y T3 3§91 § 3R 39T 1040 iR
R Yies feraman A g OH g & SHiflies uifechiaur &
HRU, C-H TR TIET 1373 I R gHkegar & fears
3 o ged! I fafm & guaexu &t gl 1507
Iier ' # e o1 SufRUfT q g8, RN € = cWRIAR®
HHII HU &F B @/ o bl 8, S Yegarel 3R
TR & mwal # ouRd R
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organosolv pretreatment followed by base
treatment, gave 36.6% cellulose, 26.1%
hemicellulose, 7.2% lignin and 5.9% ash,
inferring that this approach ultimately lessening
the degradation of cellulose (36.6%) which is close
to the cellulose content obtained using NREL
procedure. Also, the recovered amount of
hemicellulose and lignin improved, inferring
using base during the second step could
altogether avoid the degradation of cellulose; thus
enhancing its content. Hence, this approach was
found to be more suitable in comparison to pre
alkaline treatment for the disintegration of native
rice straw.

The effect of pre and post treatment on the
structural changes of rice straw and its derivative
samples was analyzed in FTIR to understand the
efficiency of the treatment (Fig. 10). As rice straw
predominantly composed of cellulose,
hemicelluloses, lignin and silica, it contains
various functional groups (-OH, -C=0, -CHO, -
C=C-, Ar, etc.) which can be monitored in FTIR
analysis. Figure 10 shows the spectra of isolated
cellulose, hemicelluloses and lignin from native
rice straw and characteristic peaks assigned to a
particular group to confirm their separation. A
broadband at 3200-3400 cm” and 2900 cm’

Annual Report | 2018-2019

were assigned to O-H and C-H stretching of
cellulose, respectively. It is known that glucose
units in cellulose are connected by a-1,4
glycosidic linkage, and the corresponding
characteristic peaks of C-H and C-O-C band at
902 and 1157 cm’, respectively, was observed.
The peak appeared at 1057 cm™ can be ascribed
to the secondary alcohol and ether in cellulose
with —C-O- group. In the cases of hemicelluloses
and lignin fractions, a peak at 1720 cm™ was
observed and can be ascribed to—-C=0O stretching.
The absorption at 2900 cm™ can be assigned to -
CH stretching of hemicellulose and lignin
moieties. Since hemicelluloses have a greater
attraction for water, hence showed a specified
peak at 1639 cm™. As hemicelluloses is composed
of mainly xylose and the corresponding
absorption peak can be observed at 1040 cm™.
Due to the partial acetylation of OH group, C-H-
ester peak showed at 1373 cm’ in hemicelluloses.
The separation of lignin from other components
was confirmed by the appearance of pa eak at
1507 cm™ which can be ascribed to C=C
aromatic skeleton vibration region, which is
absence in the cases of cellulose and
hemicelluloses. A band at 1420 cm™ can be
assigned to C-H deformation, that is, methyl,
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Figure 10. FT-IR spectra for isolated components from rice straw (rice straw, Cellulose, Hemicellulose, Lignin)
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1420 ¥M W TH § H C-H fa=go, g frmga
BT & IO o Tl 5 | I T U ¥ fafdq § e
(C-0), [3MEHTIA (C-O Aryl) JU BId & forrapt i 1328
3R 1268 J W fezgelt § 1 sififeiiera didtedie @ sram
B3 R god Yoy auT S Sur s TS & SUaR
& 915 el g3 RifcieT gad Y@ &1 SEM Bfaat i
11 focars e € | a1ad & Y& U JY@I & T3 XRD
Yo (o 12) ® e U g1 Jq@ &1 fhxeddiaar

TAHIH (Crl) XRD e & THIHROT A BT IUIRT TR
gedich fasan mar (i fean mar §), et Crl B SHars
UM § P AR & forw fopeda dq@re
STTIEId & &G AGATS BT Crl 47% (TG BT N J
59.4% T TGT Sl &1 WSTH STSIHITS & FUIR & §1G
61.8% (QIfCTpT 4) I §¢ TT| SHBT HRUT G
DI o8 ¥ eHNIARG & o9 &I Hel BT gl ol
JHarg|

o 11. SEM Bf- sififeiera Welede & are Riftial-aRaH<R I (aT) SiR WSTH sagiaie ¥ IUaR & d1e Riferdl-gem e
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methoxy group. Lignin is comprised of mainly (given below), where Crl is the height ratio of
syringyl (C-O), guaiacyl (C-O aryl group), the crystalline cellulose amount to the total amount.
corresponding peaks appeared at 1328 and The Crl of cellulose after the organosolv
1268 cm’. The SEM images of isolated silica- pretreatment increased to 59.4% from 47% (rice
intact cellulose after organosolv pretreatment and straw) which further increased to 61.8% (Table 3)
silica-removed celluloseafter treating with NaOH for cellulose after the base treatment with NaOH
are shown in Fig. 11. The XRD patterns for rice for removing silica. This could be due to the
straw and cellulose samples are shown in Figure organosolv pretreatment that facilitates to rupture
12. Crystallinity index (Crl) of cellulose was the linkages between the lignocellulosic
evaluated from XRD patterns using equation A components.

Figure 11. SEM images of silica-intact cellulose after organosolv pretreatment (left) and silica-removed cellulose after
post-treatment with NaOH (right).

Intensity(a.u.)

2 theta (degree)

Figure 12. X-ray diffraction pattern for untreated rice straw, cellulose + silica, silica-removed cellulose
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IeTBT 4. XRD fIRewr- sruamia 3iR Iu=Tid drad & Y- &1 Crl

Sample

Crystallinity Index (%)

Rice straw(R.S)

Cellulose with silica (C+S)

Silica-removed cellulose (C-S)

47.0
59.4
61.8

i) Rifere1-geTgsmaraa &1 4T

&R IUER ¥ I19d & Y T Agayul JHu urn w|
Y JHIH Y F99 & T 0rifaes efPoiu 8 sfam
IS SIaNIE S TARM &1 YA fordT TRT | ATqd b 4T Pl
S BESIRISS & JqRH & I fAremar ma 3R
T URfire pH, 3R ufkums diferet 5. & e g |
Ig 37N 1 Yaovdl § o IR & aTe Aot ot amn &
Tyl iRTae mft §1 Wdg W ATl avd A &1
TIUTET 3R UV I fa=ersor fosar mar iR U T @

YR T8 BRI 1 H1s ot e wadtoerh & 721 fears
AR TR g et § o Frafersse H1HE &Rur T8
TS | BT, T8 3R, UV TR J e =ren & Roif
FaA0.5 Y 2% P A A AT g | AT 3R U=t Bt
It T BT 31era foham e SR TfomH § drferet
6 fe@mar 7T | 39 gRuTHY A Habd fam fob uri ot sifdieh
AT (80 UTH) & SR IUAR A RiferdsT gem 8 guR fa,
F AR TR 15% (ATaet 1 1) T 8.8 wt% T TS |

AT 5. SHITH FRSIHIES & 1Y A & Y BT JUAR

Entry  Silica:base* Initial pHP

pH after*  Residue left (wt%)¢

1 Rice straw after calcination 15

2 1:1 11.6 10.5 11.5
3 1:10 12.2 11.5 10.7
4 1:20 12.4 11.8 10.3

IUAR @ RUR: 1 g T1aa BT YIT; 20 g Tl SmfaH gEST

R, 24 e (AR 1Y AfehT); & FAfeTeHT & 8% W MR, b pH

HESIERIES]
TR ¥ U8 ¢ pH ITIR & 91G; d 24 e & AT 575 °C W FHerags foar mam|

AT 6. MG & YA F ITIR W dAIAH 3R fIaras qrkt &1 gura

SR Wt% of Initial pH pH after  Residue left (wt %)
base

12 1:1 11.16 10.25 8.8

2b 1:1 11.02 10.19 8.5

3¢ 1:1 11.03 9.89 11.47
IUAR FI RURA: 1g ATTA BT YHT- ST SHEIATH FIESIaISS TR, 24 h (ATeR STy ~fT), RT, *40 UTH UTH, °80 UH U, 40 °C, 24
He & 1T 575 °C W Herwrgs far m|
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Table 4. XRD analysis for Crl for untreated and treated rice straw

Sample

Crystallinity Index (%)

Rice straw(R.S)

Cellulose with silica (C+S)

Silica-removed cellulose (C-S)

47.0
59.4
61.8

ii) Silica-removed rice straw

As significant loss from rice straw with alkaline
treatmentwas found, the strategic approach was
changed to use ammonium hydroxide solution to
remove silica from rice straw selectively. Rice straw
was treated with ammonium hydroxide solution at
various initial pH, and the results are shown in
Table 5. It can be seen that there was a significant
loss of silica after the treatment. The supernatant
liquid samples were subjected to HPLC and UV
analysis and found that no peaks for sugar and

furanics appeared in the HPLC chromatogram,
confirming that no degradation of carbohydrates
took place. However, on the other hand, UV results
revealed that only 0.5 to 2% of lignin leached into
the solution. The influence of temperature and
water content was studied and the results are
shown in Table 6. These results indicated that
having more amount of water (80 g) during the
treatment improved the silica removal, the total

residue content decreased from 15 ( rice straw) to
8.8 wi%.

Table 5. Treatment of rice straw with ammonium hydroxide

Entry  Silica:base* Initial pHP

pH after*  Residue left (wt%)¢

1 Rice straw after calcination 15

2 1:1 11.6 10.5 11.5
3 1:10 12.2 11.5 10.7
4 1:20 12.4 11.8 10.3

Treatment conditions: 1g rice straw; 20g aqueous NH,OH solution; 24 h (shaking water bath)a based on 8% of silica;
bpH before the treatment; ¢ pH after the treatment; dcalcined at 575 °C for 24 h.

Table 6. Influence of temperature and solvent content on the treatment of rice straw

SR Wt% of Initial pH pH after  Residue left (wt %)
base
12 1:1 11.16 10.25 8.8
2b 1:1 11.02 10.19 8.5
3¢ 1:1 11.03 9.89 11.47

Treatment conditions: 1g Rice straw- aq NH,OH, 24 h (shaking water bath), RT, °40 g water,"80g of water,

‘40 °C, decalcined 575 °C for 24 h.

Center of Innovative and Applied Bioprocessing
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iii) Alkyl pyranosides from agro-residues

The preliminary study related to the production of
alkyl pyranosides was performed with mango
seeds in octanol with niobium based catalysts in
aqueous acidic conditions, and the obtained
results showed the formation of beta-octyl
glucopyranosides in a significant amount. The
optimization of reaction parameters with mango
seed or cellulose derived from mango seed is
currently under progress.

Salient Achievements

» 36% of silica-removed cellulose was achieved
via a two-step approach viz., organosolv
retreatment followed by base treatment.
Ammonium hydroxide treated rice straw
showed significant removal of silica (>40%)
from rice straw.

A preliminary study on the transformation of
mango-seed with niobium based catalyst in
octanol showed a significant amount of beta-
octyl glucopyranosides.

B 04: Glucose conversion towards levulinic
acid production through homogeneous
catalysis

Glucose-to-fructose isomerization is an important

Annual Report | 2018-2019

Endogeneous
Spermine
(@)
(@)

reaction in the food and beverage industries for
the production of high fructose syrup to be used in
preparation of variety of food products, for
example, low-calorie snacks, carbonated
beverages, sports and energy drinks, baked
foods, confections, etc. Indeed, in recent years, the
significance of this reaction is recognized in the
field of lignocellulose derived sugars (glucose)
conversion to liquid biofuels and high value
platform molecules synthesis like 5-
hydroxymethylfurfural, 2,5-furandicarboxylic acid
and levulinic acid, where the fructose serves as the
key intermediate compound, which has more
reactivity than glucose for the subsequent
dehydration reactions. The challenging part of this
reaction is the existence of thermodynamic
equilibrium between both aldose and ketose
sugar molecules along with the reversible reaction
characteristics.

Research Progress

In this work, a homogeneouslyconversionof
glucose to fructose towards levulinic acid synthesis
was conducted in the presence of polyamines, as
depicted in Fig. 13. The study demonstrates that
polyamines as Lewis base catalyst is potential in
glucose-to-fructose isomerization reaction and
allows for sequential extraction and isomerization.
In a single-step, we were able to achieve a 30%
fructose yield with 72% selectivity. Whereas, the

0,

OH OH

Mannose

95015n44

Figure 13. Graphical abstract of the process for glucose conversion to fructose towards levulinic acid production via

homogeneous catalysis in the presence of polyamines

Center of Innovative and Applied Bioprocessing
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Figure 14. Comparative result of glucose to fructose isomerization using different polyamines

sequential extraction strategy enabled to achieve 15 min), as shown in Fig. 15.

a maximum conversion of 70% fructose yield with

76% selectivity withinminimum extraction runs that Salient Achievements

is relatively ~1.5 times higher than the literature » The step-wise selective extraction and
reports (Fig. 14). Moreover, the presence of isomerization strategy was incorporated to
polyamine avoids the necessity of addition of improve the product concentration, resulted in a
buffer solution to maintain the basic condition of remarkably increased net fructose
the medium due to the continuous removal of OH- concentration.

anions during the sequential extraction protocol. » The strategy accomplishes a maximum product
Fascinatingly, considerable amount of psicose (D- concentration (70% wt. yield and 75% selectivity)
allulose), a rare sugar compound is produced within 5 sequential extraction and
under the modest reaction conditions (100 °C for isomerization.
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Figure 15. Reaction products distribution in each of the sequential extraction and isomerization processes
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B 05: Lignin extraction and further
transformation to fine chemicals or
copolymers

Lignin 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 (B-
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 employed for effective and efficient
depolymerization of lignin towards the synthesis of
popular product chemicals namely, oligomers
(dimers and trimers) and monomeric units like
alky-substituted aromatic phenols, guaiacols, and
syringols. However, these phenolic compounds

cannot use as transportation fuels due to its
inherent high oxygen content, poor chemical
stability and immiscibility with hydrocarbon fuels.

Research Progress

In this work, a modified protocol was employed for
the extraction of lignin from lignocellulosic
biomass (rice straw/saw dust) via green solvent
technique using deep eutectic solvents, as
illustrated in Fig. 16. DES is considered as
environmentally nontoxic and exhibited superior
for lignin dissolution. An acid:choline chloride
combination was employed to the substrate (rice
straw and saw dust) under less severe conditions
(60-100 °C for 4 h). Subsequently, a low boiling
solvent (dichloromethane) was used for the
extraction of lignin from the reaction medium,
resulted in higher lignin yield (43-77% wt.
depending on the substrate and temperature, as
presented in Fig. 17). The modified protocol
employs a simple decantation procedure during
the lignin recovery due to natural biphasic layer
formation and that eliminates the modern

Choline chloride:
levulinic acid

Tetrahydrofuran
+ 20% NaCl solution

b

DES me

Liquid-li
extracti

Lignoc ulosé 180 °C;

THF reuse ‘l

Organic
phase
Aromat.i«-:. lignin
for

—
Fine chemicals or alkanes synthesis .

Carbohydrates
to biofuels

Post-reaction
solids
(rich in carbohydrates)

Figure 16. Graphical abstract of the process for enhanced recovery of lignin through conventional green solvent

isolation technique
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Figure 17. Effect of temperature on the recovery of lignin using DES solvents
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Figure 18. Comparative 2D-HSQC NMR result of DES isolated lignin and reference technical lignins

filtration and centrifugation steps. Furthermore,
the system facilitates the DES solvent recovery and
reuse. Overall, the process demonstrates an
industrially feasible method of lignin extraction
from biomass and that can be used for a variety of
applications (e.g., phenol derivatives
preparation). The isolated lignin exhibits a rich in
aromatic content, which is useful for further
applications (Fig. 18). Further depolymerisation of
lignin towards fine chemicals and copolymer
synthesis is underway.

Salient Achievements

» The strategy accomplishes a maximum lignin
recovery (70% wt. yield and 75% selectivity),
which is 2-times higher than the yield achieved
through traditional alkaline protocol.

Center of Innovative and Applied Bioprocessing

B 06: Xylooligosaccharides from sugarcane
bagasse

Xylooligosaccharides (XOS) are the sugar
oligomers made up of xylose units and are
considered as non-digestible food ingredients.
XOS exhibit prebiotic effect when consumed as a
part of diet. They are neither hydrolyzed nor
absorbed in the upper part of the gastrointestinal
tract and they affect the host by selectively
stimulating the growth of limited number of
bacteria, such as Bifidobacteria and Lactobacillus,
and hence improve one’s health. Importance of
XOS as a valuable food ingredient is increasing as
‘prebiotics’ as they possess variety of health
benefiting effects such as lowering the cholesterol,
improving the biological availability of calcium,
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Sugarcane bagasse
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Figure 19. Graphical abstract of the process for enhanced recovery of lignin through conventional green solvent

isolation technique

etc. Moreover, it has acceptable organoleptic
property and does not exhibit toxicity or negative
effects on human health.

Research Progress

In this work, a modified protocol was employed for
the extraction of hemicellulose from
lignocellulosic biomass (sugarcane bagasse)
towards synthesis of xylooligosaccharides, as
illustrated in Fig. 19. A weak and strong base
combination was used as the dissolution reagent
during the biomass digestion. After process
optimization, the hemicellulose extracted from 2.5
M mixed alkaline protocol at 121 °C contains
maximum amount of xylan (68.32%) along with
high content of glucose (12.47%) and arabinose
(22.83%). Furthermore, the structural
characterization studies (FTIR, 2D-HSQC NMR,
and TGA) witnessed the carbohydrate
composition and its properties. Overall, the
hemicelluloses extracted through the modified
protocol contains less amount of lignin as
compared to hemicelluloses extracted using

individual alkalis (ammonium hydroxide and
sodium hydroxide) and have comparatively high
amount of xylose with shorter chains,
consequently yielding the XOs contains significant
amount of xylobiose, xylotriose and xylotetrose (as
presented in Figs. 20 and 21).

——01M —o—025M —0.5M

Reducing sugar yield
(mg/100mg xylan)
o

0 20 40 60 80 100 120 140

Time (min)

Figure 20. Effect of acid concentration on
xylooligosaccharide production from xylan extracted
from sugarcane bagasse through mixed alkaline
protocol (2.5 M conc. at 121°C).
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Figure 21. Effect of temperature on XOs from xylan extracted from sugarcane bagasse through mixed alkaline protocol
of 2.5 M concentration at different temperatures. (X1: xylose, X2: xylobiose, X3: xylotriose, X4: xylotetrose).

Salient Achievements

» Fructose, a more reactive compound than
glucose is produced with shorter residence time
over homogeneous amines under mild
condition.

» Considerably improved lignin recovery was
achieved through modified extraction approach
for further transformation to fine chemicals.

» Enriched xylooligosaccharides synthesis is
achieved through the modified alkaline
protocol.

B 07: Nanolignin capsules as bioactive
stabilizers

Lignin nanocapsules (LNCs) were synthesized via a
green method. The LNCs were monodispersed and
spherical in shape and exhibited narrow size
distribution range with average size 110 nm,
Simple precipitation techniques have been used to
form spherical and hollow LNCs and it stabilized at
room temperature, neutral pH. Lignin
nanocapsules showed promising antioxidant and
UV blocking properties, due to presence of
phenolic and flavonoid groups. Entrapment of
therapeutic and/or imaging agents was
successfully done inside lignin capsules. Hence, the

Center of Innovative and Applied Bioprocessing

outcome of this research activity can be extended to
develop biodegradable lignin nanocapsules based
delivery vehicles of bioactive agents as well as
nanosensors.

Lignin was utilized as a sole source for high
yield synthesis of nanolignin vehicles which are
applicable as versatile carriers for bioactive agents
via providing them aqueous solubility,
photostability and biocompatibility (Fig. 22). In
addition, they are found to possess antioxidant, UV
blocking and antimicrobial activity. Lignin based
nanocarriers are synthesized quickly under mild
reaction conditions. Protocols for synthesizing
nanolignin were optimized by varying
temperature, time, pH and concentrations of
lignin. Preparation of nanolignin confers the
advantage of short reaction time, avoiding use of
toxic chemical or surfactants, use of green solvents
(such as water or ethanol) (Fig. 23). The
nanocarriers were further characterized by
absorption spectroscopy, dynamic light scattering
and scanning electron microscopy (Fig. 24). The
lignin derived nanocarriers were examined for
antioxidant potential revealing commendable
properties. Moreover, surface functionalization
and entrapment were achieved using long range of

117



arffe yfedes |1 2018-2019

Synthesis of lignin derived biodegradable nanocapsules for entrapping
multifunctional probes

‘ Characterization Absorption spectroscopy, SEM
\," N/ DLS using Zetasizer
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Synthesis of lignin derived biodegradable nanocapsules for entrapping
multifunctional probes

\QF
\-J,_\\r-

N

Kraft Lignin Lignin derived
(from industry waste) Nanocapsule

Characterization

— Absorption spectroscopy, SEM
DLS using Zetasizer

Figure 22. Schematic diagram towards the synthesis of lignin derived nanocapsules

(@)

Figure 23. (a) Stability of the lignin nanoclusters at various pH values, (b) SEM image of kraft lignin

bioactive agents (e.g. imaging agents, therapeutic of the nanolignin carriers. Overall, these highly
agents, biopesticides etc. Furthermore, stability, stable, lignin derived nanocarriers can be
release kinetics, UV protective and antioxidant applicable in various sectors in stabilization and
efficacy were also examined to prove the potential delivery of bioactive agents.
§ 20
5 5 = e -
=2 1 -
(1] 1 ] ] w L] 0 ] ] o
Sxidm A ]ea sl ()

Figure 24. Dynamic light scattering spectrum of lignin nanocapsules (left), zeta potential spectrum of lignin
nanocapsules (right) and SEM image of lignin nanocapsules (bottom)
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B 08: Lignin derived UV-protectant
nanocoatings

Lignin directed metal oxide nanocomposites
developed earlier by us were tested for antioxidant
and antimicrobial efficiency. Furthermore, the
nanomaterials were evaluated for UV protection
efficiency showing promising results. These
nanocomposites are highly valuable for
developing UV-blocking nanocoatings for
application in various surfaces such as windows,
cars efc.

Agri-biomass derived lignin was utilized of as a
source for synthesizing metal oxide
nanocomposites with potential UV resistance and
antimicrobial activity. Lignin based metal oxide
nanocomposites were found to be easy to
synthesize and environment-friendly. Moreover, the

nanocomposites offer non-toxicity, easy fabrication
ability, safety and biocompatibility, which makes
them ideal for coating applications. The
nanocomposites were examined for antioxidant
and antimicrobial potential revealing
promisingresults. Moreover, surface
functionalization was also achieved using bioactive
agents (e.g. imaging agents, therapeutic agents).
Furthermore, stability and UV protective efficacy
were also tested to prove the potential of the
nanocomposites (Fig. 25). The results showed that
the newly developed lignin derived
nanocomposites are far better than commercially
available ones in terms of UV-blocking properties
(Table 7). Overall, these highly stable, lignin
derived metal oxide nanocomposites can be
applicable in various sectors, especially in
developing UV protectant nanocoatings.
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85
T 70
55
g
=]
£
.E 40
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£
=25
10
-5
200 225 250 275 300 325 350 375 400 425
s AL — WAL KL ZnOAL ZnOKL
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>

Figure 25. UV-Vis spectra indicating % transmittance of the synthesized nanocomposites and lignin from different
sources. (AL = alkali lignin, KL = kraft lignin, com = commercial)

Table 7. Determination of UV protection efficiency of metal oxide nanocomposites

S. No. Nanocomposites UVA (315-400 nm) UVB (280-315 nm)
% Transmittance % Transmittance

1 ZnOAL 0-20 0

2 ZnOKL 0 0

3 ZnO commercial 10-15 10-15

4 TiO,AL 10 -20 5-10

5 TiOKL 10 -20 10-12

6 TiO; commercial 0-75 0
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B 09: Lignin derived antimicrobial
nanofilms

Lignin, being a natural antioxidant and
antimicrobial underutilized biopolymer, is a
material of great interest. In this work, lignin was
chosen as a matrix to synthesize antimicrobial
nanocomplexes to explore the synergistic
antioxidant and antimicrobial properties of the
lignin stabilized nanoprobes. The lignin based
nanoprobes were found to possess substantial
phenolic and flavonoid contents, which contributed
to their high antioxidant activities. Further, the
antioxidant and antimicrobial activity of the lignin-
nanocomplexes were evaluated and compared

Annual Report | 2018-2019

with pristine lignin. Moreover, the mechanism
behind the antimicrobial activity of the
nanocomplexes was elucidated through various
methods (Fig. 26). The obtained results were
greatly supported by scanning electron
microscopy, transmission electron microscopy and
live-dead cell imaging techniques (Fig. 27). This
study will be further extended to develop lignin
based antimicrobial nanofilms for coating various
surfaces.

The methods for the synthesis of antimicrobial
nanocomplexes using agro-waste derived lignin
are economical and environment friendly
techniques. The easy preparation methods and low

Figure 26. SEM images of (a) Escherichia coli —control (scale 2 uM), (b) Escherichia coli — treated with nanocomplexes
(scale 2 uM), (c) Bacillus megaterium — control (scale 5 uM), (d) Bacillus megaterium — treated with nanocomplexes
(scale T uM), (e) Candida tropicalis- control (scale 2 uM) and (f) Candida tropicalis- treated with nanocomplexes (scale

2 UM).

Center of Innovative and Applied Bioprocessing
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(a) Live (FITC) Dead (PI) Merged (b) Live (FITC) Dead (PI) Merged

KL-AuAgNCs

-AuNCs

Live (FITC) Dead (PI) Merged

Figure 27. Fluorescent microscopic images of Candida tropicalis treated with lignin based nanocomplexes (scale 20

UM)
cost of the lignin derived antimicrobial > Lignin based nanocomposites were developed
nanocomplexes developed in this study paves a with excellent UV-blocking potential with
unique way of lignin valorization through the implication to further applications as
formation of highly efficient antimicrobial nanocoatings for various surfaces.
nanofilms. > Lignin derived antimicrobial nanocomplexes
were successfully developed showing promising
Salient Achievements microbicidal action against a range of
» Nanolignin capsules were successfully prepared microbes. These materials have the potential to
which acted as stabilizers for bioactive agents. be transformed into films for acting as
Moreover, surface functionalization and antimicrobial nanofilms.
antioxidant studies were also performed
showing promising results.
Center of Innovative and Applied Bioprocessing 125
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B 10: Processing of agro-biomass for
extraction of nano-silica and lignin and
their use in membrane preparation
Background

Mechanization of agriculture in the developed
and developing countries generates lot of
secondary agricultural waste. Efforts are being
carried out to use such waste in production of
energy, fuel and platform chemicals. Such
technologies/processes would have two fold
benefits. First, they are based on utilization of
waste and thereby providing protection to the
environment. Second, they produce value added
products from waste and thereby providing
additional income source. In this regard, rice is
one the highly cultivated crops across the world
and therefore generates huge waste in terms of
straw. Since rice/paddy straw contains around
ten percent of silica, it could be a potential source
of silica/nano-silica recovery in addition to
various other valuable compounds. Since paddy
straw is available in abundance, low in cost and
causes environmental pollution upon burning, its
use in the recovery of precious molecules of
industrial applications would add value to the
economic gain.
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Research Progress

We have standardized a process for direct
recovery of nanosized silica and lignin fromrice

straw. The recovered silica and lignin have
characterized (Journal of Cleaner Production
2018, 194: 158-166). Now the process is further
optimized for separation of nanosized silica and
lignin from sugarcane bagasse. With the
standardized one-pot synthesis process,
nanosilica of about 35 nm with a yield of 5.6% and
nanolignin of about 20 nm with a yield of 10.15 %
was achieved. The obtained nanosilica and
nanolignin were characterized using XRD, TGA,
FTIR, SEM, TEM, etc (Fig. 29). The synthesized
nanomaterial were used in the fabrication of
flexible cellulose composite membranes for
purification and separation applications (Fig. 28).

Salient Achievements

» Optimized a one pot synthesis process for
recovery of nanosized silica and lignin from
sugar bagasse.

» Biomass recovered nanosized silica and lignin
used in composite membrane development for
separation applications.

Functionalized Separation Membrane

Figure 28. One-pot process for recovery of nano-silica and lignin from sugarcane bagasse. Scanning electron
micrograph shows the structure of obtained silica and lignin. Developed functionalized separation membrane using the

silica and lignin
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Figure 29. XRD pattern of nano-silica and lignin obtained from sugarcane bagasse
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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.
Developed tomato based functional food products
and edible coatings to improve shelf life of fresh
produce.

C 01: Valorization of tomato processing by-
products and bioprocessing for shelf life
enhancement of agro-produce

Tomato (Lycopersicon esculentum) is one of the
most widely cultivated vegetable crops in the
world including India. There is often tomato glut
due to its production being much more than the
immediate need. Shelf life of tomato is very short
and to avoid wastage it needs to be
processed/used collaterally for new products.
Also, tomato pomace generated at the tomato
processing industry particularly lycopene
producing industry is under-utilized. Tomato juice
generated by such industries could be valuable
source for developing tomato based beverages
and at the same time, use of tomato juice will
reduce the waste disposal problem. Consumption
of fruit or vegetable-based beverages is an instant
medium of getting intake of natural bioactive
compounds and hence they help to deliver
various health benefit properties. Tomato is
among the most consumed vegetables
worldwide. Also, it is considered as a popular
functional food owing to its carotenoid and
phenolic content. Tomatoes are consumed both
as raw fruit as well as in processed form like

Center of Innovative and Applied Bioprocessing

sauce, puree, paste, and canned-based products.
Considering the benefits of tomatoes, it can be
used to develop a beverage and carbonated
beverage in combination with other additives
based on sensory evaluation.

Tomato being rich in fiber, antioxidant activity,
and minerals shows potential for the development
of quality nutritional carbonated beverage and
spice-mix/seasonings. To the best of knowledge,
market available carbonated beverage contains
either very less or no nutrition. Therefore, use of
tomato in carbonated beverage could add
nutritional value to the drink. Moreover, tomato
by-products/ pomace is under-utilized, and there
is a scope for the development of tomato-based
food seasonings. The utilization of tomato
processing industries by-products in the
development of food seasonings/ spice-mix and
carbonated beverages would provide additional
source of income as well as a solution to reduce or
eliminate the problems related to waste disposal.
The processing methods have been reported for
significant effect on the quality of fruits and
vegetable based products. In view of this, thermal
and non-thermal processing effect was evaluated
on the developed tomato based beverage.

Research Progress

We have developed tomato based beverage and
bakery products. These products have been
characterized for nutritional and sensory
characteristics. Now, the effect of thermal
(pasteurization) and non-thermal
(ultrasonication, ultra-violet (UV), atmospheric
cold plasma (ACP) processing was investigated on
the quality of a tomato-based beverage. The
ultrasonication and ACP processing for 10 min
put significant effect on L* and a* color values of
the tomato beverage. All the processing
techniques applied degraded ascorbic acid but
maximum retention (95%) of ascorbic acid was
found in ACP processed beverage (Fig. 1).
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Figure 1. Effect of different processing methods on bioactive compounds of developed beverage

Furthermore, ACP processing of 10 min also had
significant effect on bioactive compounds like
chlorogenic acid, sinapic acid and gallic acid in
comparison to thermal and other non-thermal
processing. Moreover, ACP for 10 min and
ultrasonication for 15 min was found equivalent to
thermal processing in microbial reduction and
ACP processing for 10 min was found equivalent
to pasteurization in reduction of yeast and mold
count. Hence, ACP processing for 10 min has
emerged as the best processing method for
retaining as well as improving the quality of the
developed beverage. Also, the processes have
been standardized for the development of tomato
pomace-based food seasonings and carbonated
beverage with high nutritional content and sensory
acceptability. In case of seasonings/spice mix, the

dehydrated tomato by-product was blended with
other spices followed by sieving (Fig. 2). The
developed seasonings were stable at room
temperature. Seasoning stored in LDPE-aluminum
cardboard was observed to maintain the moisture
content, volatile oils, and color for longer
durations compared to other packaging. There
was an absence of yeast & mold count in LDPE-
aluminum cardboard packed seasoning after
twelve days of storage. For carbonated beverage,
tomato puree was mixed with sugar syrup and
water followed by carbonation and corking. The
developed carbonated beverage was also studied
for storage shelf-life. The shelf-life of tomato
based carbonated beverage was estimated to be
more than ten week without preservative and can
be enhanced using preservatives. The developed

TomZesty Fizz

2

Swaad-e-Seasoning Tomaco Spice-mix

Figure 2. Developed tomato based carbonated beverage and spice mix/ seasoning
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beverage was found t.o retain vitamin C and
antioxidant activity levels during storage.
Microbial content also defines the shelf-life of the
ready-to-drink beverage and no yeast or mould
count were observed till ten week of storage.

Salient Achievements

> Investigated the effect of thermal and non-
thermal processing on the quality of tomato
based beverage

> ACP processing improved the quality of
developed beverage.

> Standardized process for the preparation of
tomato pomace-based food seasonings and
carbonated beverage.

» Characterized the tomato pomace-based food
seasonings and carbonated beverage for
nutritional content, sensory acceptability and

shelf-life

C 02: Development of composite edible
coatings for enhancing the shelf-life of
tomatoes

Food packaging industry is rapidly drifting
towards innovative biodegradable packaging

HOOC,_.O. .OH

HO OH
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either in case of processed food products or fresh
fruits and vegetables due to increased
environmental concerns. Edible coatings/films
from natural and biodegradable sources are
resulting as a promising alternative which would
certainly reduce the impact of synthetic polymers-
based food packaging materials.

The biodegradable edible films are also
captivating consumers as these are demonstrating
effectiveness in terms of preservation as well as
freshness of products lying under different food
groups for instance, in fruits and vegetables (Pro-
long TM, Semperfresh TM etc.), bakery products
(MonoSol), confectionary (Crystalac® Z2), etc.
Edible films are usually composed of one or more
basic constituents, solubilizing medium and a
plasticizer. In view of this, we have developed
edible coatings of natural starch rich biomass and
analyzed their effectiveness on shelf life
improvement of tomatoes (Fig. 3).

Research Progress
Functional composite edible films have been

developed using various film formulations
containing pectin (P), corn flour (CF), beetroot

Low water
vapor permeabil

Low solubility

High tensile
strength

ol High antioxidant
activity

i

Figure 3. Development and characterization of edible coatings from natural bioresources
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powder (BP), orange peel powder+sodium
alginate (OPS), muesli root powder (MRP) and rice
flour (RF). TGA curve and viscosity (G) as a
function of shear rate of coatings was determined
(Fig. 4). Strong intermolecular attachment evolved
between starch and pectin molecules due to
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hydrogen bonding of their hydrophilic groups,
confirmed through scanning electron
micrographs and FTIR spectra. The prepared
edible coatings P:CF ratio (1:1) were found to

effective in improving the shelf life of tomatoes
(Fig. 5).

Figure 4. Thermogravimetric analysis (TGA) curve and Viscosity (G[]) as a function of shear rate of composite edible
coatings [A- 4% Pectin; B- 10% Pectin:Corn flour (1:1); C- {10% Pectin:Corn flour (1:1)+ beetroot powder (2g) }; D- 10%
Pectin:Corn flour (60:40); E— {10% Pectin:Corn flour (60:40)+ beetroot powder (2g) }; F- Pectin:Corn flour (80:20); G-
{10% Pectin:Corn flour (80:20)+ beetroot powder (2g); H- 3% Orange peel powder:Pectin (2:1)+ sodium alginate (1g); I-
4% Pectin:Corn flour (1:3)+ muesli root powder (2g); J- 5% Pectin:Rice flour (1:4)]

PCF11 25d

Cantrol 25d

Figure 5. Application of edible coating for shelf life enhancement of tomatoes
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Figure 6. (a) PWL (%) and (b) Decay (%) of tomatoes stored at 25 °C for 30 d
Also, P-CF ratio (1:1) might retained some and thermal stability. Although, higher proportions
crystalline regions of starch which has significantly of hydrophilic polymers (B, OPS & BP) due to higher
enhanced structural integrity and functionality of molecular mobility resulted in less rigid, highly
films in terms of tensile strength (TS), water soluble, moisture permeable and thermally

solubility (WS), water vapour permeability (WVP)
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Figure 7. Respiration rate in terms of O, & CO, (%) of tomatoes stored at 25[]°C for 30 d. Primary axis as scatter plot
graph represents O,% whereas secondary axis as bar graph indicates CO,%.

unstable films. Furthermore, RF films possessed Salient Achievements

cracks over the surface and insoluble fractions due > Developed edible coatings of corn flour/orange
to insufficient starch gelatinization which peel/muesli/beetroot powder in combination
decreased their TS and barrier properties. The with pectin.

ATR-FTIR spectra confirmed the presence of » Addition of ingredients influenced rheology and
functional groups corresponding to starch and stability of the developed coatings.

pectin in range of 500-4000 cm™". The variation » Mechanical, functional and thermal properties
among different films underlies only in peak improved in pectin-corn flour based coatings
intensities due to some molecular changes. and Beetroot powder (BP) improved their
Overall, the films made of P-CF ratio (1:1) were antioxidant and color properties.

more functional and structurally stable as » Pectin-corn flour based coating was found to
compared to rest of the films, thus, they would most effective for shelf life improvement and
make a better alternative for synthetic packaging. quality retention of tomato.

Later, the coating was analysed for its effect on
physiological weight loss (PWL) and decay (%) in
tomatoes (Fig. 6). Also, coated tomatoes were
evaluated for respiration rate in terms of O, and

’—*\ I*—‘
CO, on storage during 25 °Cfor 3 days (Fig. 7). 7N
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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,
food and flavor additives, colors etc. in a metabolic
pathway approach.

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 pittii 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
xylooligosaccharides with predominant amount of
xylopentose and xylohexose (Bioresource
Technology, 2017, 244:793-799). Towards this
effort, acetic acid producing bacteria could have
high commercial importance as acetic acid is a key

—4—AA Production () —+—AA Production (g)

2% 28 £ 3 2 a7
Temperature (°C)

—4—AA Production (g)

100

120

150

Agitation (rpm)

180 210 240 0 6 18 24 0 36 42 48
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Figure 1. Isolates showing halozone on GYC medium were considered as positive and were selected for further screening
on Carr media (A). Halozone producing colonies were streaked on Carr media (B). 16S rDNA gene based phylogenetic
analysis of isolated Acetobacter pasteurianus SKYAA25 (C). Acetic acid production by Acetobacter pasteurianus SKYAA25
strain examined at various pH (D), temperature (E), agitation rate (F) and time (G).
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8. No. Production medium

Dry wet. (g1)  Productivity (g/l/d)

1. HS Medium control 37012 052+002
3 Orange pulp medmm 280+0.14 040+£0.04
3 Cane molasses medium 3.60+0.14 0.52+0.19
4. Corn cob medium 180004 025001
3 Rice straw medium 0.80+0.002 011001
6 Tomato juice medium 48+021 068019
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Table 1. Evaluations of low-cost medium for bacterial cellulose production after 7 days incubations.

S. No. Production medium Dry wet. (g1)  Productivity (g/l/d)

1. HS Medium control 37012 052+002
3 Orange pulp medmm 280+0.14 040+£0.04
3 Cane molasses medium 3.60+0.14 0.52+0.19
4. Corn cob medium 180004 025001
3 Rice straw medium 0.80+0.002 011001
6 Tomato juice medium 48+021 068019

intermediate of value added products in textile
industry, food industry, paint and adhesives. It is
estimated that the Asia Pacific region will soon lead
the world market as its global food and textile
sector is rapidly growing. Approximately, 75% of
the acetic acid production is by synthetic route
through carbonylation of methanol and only
around 10% of world production is achieved via
biological route. There is need to identify microbes
which can potentially use agro-waste to synthesize
acetic acid for food applications.

Research Process

In present study, a potential bacterial isolate
Acetobacter pasteurianus SKYAA25 was found to
be very effective in the bioconversion of apple
pomace to acetic acid (Fig. 1). The isolated strain
was tolerant to high ethanol concentrations of upto
14% and temperature of 42 °C. Fermentation of
apple pomace alone in presence of brewing yeast
produced 7.3% of bio-ethanol which was further
used for acetic acid production. Apple pomace in
combination with cane molasses produced 14% of
bio-ethanol. The fermented bio-ethanol was used
as medium for acetic acid production which yielded
52.4 g of acetic acid/100 g of DM (Dry Matter) of
apple pomace. Hence, an ecofriendly process has
been developed that is entirely based on microbial
processing of apple pomace to produce acetic acid
without involving commercial enzymes. The
present bio-conversion will prove to be beneficial
for utilizing food and beverage industrial waste in
the production of acetic acid.

Center of Innovative and Applied Bioprocessing

Salient Achievements

> Identified a potential bacterium Acetobacter
pasteurianus SKYAA25 for acetic acid
production from biomass.

> The identified bacterium was ethanol tolerant
and thermo-tolerant.

> Isolate was found to be efficient for
bioconversion of ethanol derived from apple
pomace into acetic acid.

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
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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.

Research Process

A multi-module integrated process of whey
utilization for the production of products like whey
proteins, bacterial cellulose, D-tagatose and
calcium citrate has been developed. After the
separation of whey proteins from liquid whey,
deproteinized whey rich in lactose has been used
for static culture procedure using a special design

HO.

OH

One pot dual
WOH  catalysis

Annual Report | 2018-2019

unit of multiple merits for the production of
bacterial cellulose using a hyper-producer
proprietary strain (RSV-4) of Acetobacter
pasteurians (MTCC 25117). Bacterial cellulose is
produced in any medium formulations and process
can be scaled up to any amount, size, shape and
dimension.

Now this process was further compared with
the bacterial cellulose production on standard HS
medium and also optimized for upscale production
at more than 100 L scale. Also, several residues
from agro-forestry industries such as rice straw
acid hydrolysate, corn cob acid hydrolysate,
tomato juice, cane molasses and orange pulp were

OH OH
D-Tagatose

Figure 2. SEM image of hybrid nanoflowers containing beta-galactosidase and L-arabinose isomerase (A), magnified SEM
image of single nanoflower showing many petals in the structure (B). CLSM micrograph of green fluorescent of beta-
galactosidase in hybrid nanoflower (C), CLSM micrograph of red fluorescent of L-arabinose isomerase in hybrid
nanoflower (D), and merged image of green and red fluorescent hybrid nanoflower (E).
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evaluated as the economical source for the
production of bacterial cellulose by Acetobacter
pasteurianus RSV-4. The bacterial cellulose
attained the significant yield of 7.8 g/L using
tomato juice, followed by 3.6 g/L using cane
molasses and 2.8 g/L using orange pulp after 7
days of incubation (Table 1). Furthermore, the
optimum pH and temperature of fermentation for
maximum production of bacterial cellulose was
4.5 and 30+ 1°C. The produced bacterial cellulose
was characterized through FTIR, SEM, TGA and
DSC and found to be of very good quality. The
bacterial cellulose produced by identified strain on
these various agro-waste residues could be a cost
effective technology for commercial production.
Such pure bacterial cellulose may find commercial
applications such as acoustic diaphragms for
audio instruments, biological dressing and
temporary skin substitutes, non-woven fabric and
paper, non-caloric bulking and stabilizing agents
in processed foods.

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 (ACS
Sustainable Chem. Eng., 2018, 6 (5), pp
6296-6304). To achieve one pot conversion of
lactose to tagatose, a hybrid manganese
nanoflower of two enzymatic proteins beta-
galactosidase and L-arabinose isomerase was
developed and characterized (Fig. 2). A process
was also optimized for the direct conversion of
lactose into tagatose at equilibrium level.

Salient Achievements

> With the identified bacterial strain, process of
bacterial cellulose production was compared
with the standard medium and upscaled to
more than 100 L scale production on whey
medium.

> The same bacterial strain was also found to be
efficiently producing bacterial cellulose on
several other agro-residues with higher yield in
tomato juice.

Center of Innovative and Applied Bioprocessing
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> A completely novel hybrid nanocomposite
consisting of two enzymes beta-galactosidase
and L-arabinose isomerase for direct
conversion of lactose into tagatose has been
developed.

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

D-allulose is a C-3 epimer of D-fructose. It is a
rare sugar having 70% of the relative sweetness of
sucrose, but contrasts with sucrose by having
almost zero caloric value. Further, it has been
shown to enhance storage stability and quality of
food products, for example texture, antioxidant
property and mouthfeel. D-allulose has been
suggested to exert beneficial physiological
functions such as low glycemic, blood glucose
suppressive, anti-dyslipidemic, anti-oxidative,
and neuroprotective effects etc. D-allulose has
been accorded GRAS status, and it is becoming
increasingly important in food and medical
industries due to multifarious human health
benefits. Till now atotal of 17 genes, encoding the
enzyme D-allulose 3-epimerase, have been
characterized from microbial sources for the
catalytic production of D-allulose. We have
discovered a novel D-allulose 3-epimerase gene
(S2PE2), for the first time, from the metagenomic
information of a thermal aquatic habitat of
extreme temperature.

Research Progress

A DNA fragment containing conserved catalytic
residue for D-allulose 3-epimerase activity has
been cloned from the metagenome of an aquatic
habitat sample of extreme temperature. The gene
sequence does not show any match with any
nucleotide sequence present in the public NCBI
database (no hit on BLASTn analysis). At protein
level, this novel enzyme exhibits a significant
dissimilarity (55 to 70%) with the D-alluose 3-
epimerase proteins known till date. The gene was
expressed in Escherichia coli host cells, and the
protein was purified by nickel-nitrilotriacetic acid
(Ni-NTA) agarose affinity chromatography. The
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Figure 3. Characterization of a novel D-allulose 3-epimerase. Optimum pH and temperature, and substrate specificity

have been determined

translated product of the gene displayed D-
allulose 3-epimerase activity, catalyzing the
transformation of D-fructose into D-allulose. The
novel enzyme exhibited its optimum catalytic
activity at pH 7 and 80 °C temperature (Fig. 3).
The catalytic activity of the novel protein have
been examined in the presence of several divalent
metal ions, added at the final concentration of 1
mM in the assay reaction. The novel enzyme

Novel D-allulose 3-
epimerase (S2PE2)

D-Allulose

(Nearly zers calorie sugar)

showed the maximum catalytic activity in the
presence of Co’". Substrate affinity of the enzyme
was examined by using different sugar molecules,
such as D-allulose, D-fructose, D-tagatose, D-
sorbose, D-galactose and D-glucose, as
substrates. The novel enzyme showed the
maximum affinity with D-allulose, followed by D-
fructose, and D-tagatose. The results indicated
that the novel enzyme is D-allulose 3-epimerase.

A . D-allulose

= ‘ﬁ D-fructose + S2PE2
: ;‘ Treated with Yeast

D-pcasel

Figure 4. D-allulose biosynthesis from D-fructose containing feedstocks
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The enzyme was exposed to heat at 60 °C, 70 °C,
and 80 °C for different time intervals. Then,
standard enzymatic assays were performed under
optimum reaction condition to examine thermal
stability of the enzyme. The protein retained half of
its residual activity at 60 °C, 70 °C and 80 °C after
9900, 3300 and 49 minutes of their incubation at
the respective temperatures. This is the most
thermal-stable D-allulose 3-epimerase known till
date. The bioconversion ratio of 71 : 29 (fructose :
allulose) was achieved. Treatment of a variety of
D-fructose containing biomass by this enzyme
successfully biosynthesized D-allulose (Fig. 4). The
novel biocatalyst system has been employed for
D-fructose to D-allulose conversion in fruit juice
samples. The catalytic product was purified and
confirmed by TLC, HPLC, and NMR.

Salient Achievements

> A novel D-allulose 3-epimerase gene has been
discovered from the metagenomic information
of athermal aquatic habitat.

» The novel enzyme has been characterized for
catalytic production of D-allulose from D-
fructose.
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D 04: A novel amylosucrase for
isomerization of sucrose into turanose

Turanose (3-O-a-D-glucopyranosyl-D-fructose),
is one of the isomers of sucrose. It is a reducing
disaccharide, naturally present in honey as a rare
sugar. Being a non-cariogenic disaccharide, use
of turanose can avoid demineralization of dental
enamel. In the view of its low-glycaemic response
and suppressive effect on lipid accumulation in
adipose tissues, it is is being promoted as a
promising low-calorie and un-fermentable
alternative sweetener of next-generation.
Amylosucrase catalyzes transglycosylation
reaction, generating turanose from sucrose. To
date about 13 amylosucrases have been reported,
out of which turanose production has been
established by using 7 genes.

Research Progress

We have identified a novel gene encoding
amylosucrase from the metagenomic data of a
hot-water reservoir. NCBI BLAST analysis of the
putative amylosucrase gene (Asmet) against the
NR public database revealed an identity of 77%
with the genomic regions of Chloroflexus sp. Y-
400-fl and Chloroflexus aurantiacus J-10-fl. It
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Figure 5. Characterization of amylosucase in free and immobilized forms.
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shared the maximum identity of 55% with C.
carbonis amylosucrase protein. The gene
encoding amylosucrase was expressed in E. coli.
The crude cell extract was subjected to Ni-NTA
affinity chromatography for purification of his-
tagged protein. The catalysis of the protein was
examined using sucrose as substrate. Examination
of total activity at different pH and temperature
conditions determined pH 9.0 and 60 °C as the
pH and temperature optima, respectively.
Amulosucrase protein fractions, incubated at 45,
50, 55, and 60 °C, displayed the half-life of about
24, 20, 6.5, and 1 h at the respective
temperatures. Amylosucrase was immobilized
onto iron magnetic nanoparticles that remarkably
increased the enzyme's thermal stability. No
significant loss in the activity could be detected
even after pre-incubation of the protein at 45 °C
and 50 °C for 72 h (Fig. 5). The catalytic efficiency
of amylosucrase for the sucrose isomerization,
leading to turanose synthesis, was found the
maximum at 8.0 pH and 50 °C temperature. The
maximum bioconversion yield of about 47% was
obtained (Fig. 6). The catalytic product was
characterized by TLC, HPLC and NMR profiling..

Sucrose

Annual Report | 2018-2019

Salient achievements

» A novel amylosucrase gene has been
discovered from the metagenomic information
of athermal aquatic habitat.

» The novel amylosucrase enzyme has been
characterized for catalytic production of
turanose from sucrose biomass.

» Turanose production has been achieved by the
nanoparticle immobilized amylosucrase.

D 05: Alginate-pectin co-encapsulation of
dextransucrase and dextranase for
oligosaccharide production

Glucan-oligosaccharides are the functional
dietary carbohydrate of increasing interest to
global consumers. These natural
glucooligosaccharide molecules have been
established to proliferate the intestinal flora.
Further, the non-digestible oligosaccharide
supplements can functionally potentiate the
metabolic health benefits of other dietary
materials. We have previously established
oligosaccharide synthesis from the sucrose
containing feedstocks, employing Leuconostoc
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Figure 6.Transformation of sucrose biomass into turanose
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mesenteroides MTCC 10508 dextransucrase.
However, during oligosaccharide synthesis
substantial amount of dextran is also
biosynthesized. In the present study,
dextransucrase and dextranase were co-
entrapped in the food grade sodium alginate and
pectin beads. The immobilized enzymes were
physico-kinetically characterized using sucrose as
the substrate. The enzyme-encapsulated alginate-
pectin beads were employed for glucan-
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oligosaccharide production using table sugar and
cane molasses as feedstocks.

Research Progress

The genes for dextransucrase and dextranase
were cloned from the genomic regions of
Leuconostoc mesenteroides MTCC 10508 and
Streptococcus mutans MTCC 497, respectively.
Heterologous expression of the genes was

FTIR analysis of enzyme co-immobilized and control beads

Alginate-pectin control
beads

Alginate-pectin beads i
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.
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Figure 7. FTIR and SEM characterization of dextransucrase (dsr) and dextranase (dx) co-immobilized enzymes in alginate-

pectin beads. Thermal stability of free and immobilized enzymes.
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performed in Escherichia coli, and protein was
purified by Ni-NTA agarose affinity
chromatography. The purified enzyme fractions
were entrapped in matrix comprised of alginate
and pectin. A substantially high (>80%)
immobilization yield of dextransucrase and
dextranase was obtained. FTIR analysis revealed
characteristic spectra after enzyme entrapment.
The surface roughness of the beads after enzyme
loading was found to be increased in the SEM
micrographs. The pH profile studied for the
activity of both enzymes revealed the optimum pH
for dextransucrase and dextranase as 5.2 and
5.5, respectively. The optimum reaction
temperature of dextransucrase and dextranase
was found to be 30°C and 40°C, respectively.
Alginate-pectin immobilization did not affect the
optimum temperature and pH of the enzymes,
and improved thermal tolerance storage stability
of the enzymes. Enzyme entrapment improved
thermal stability of both the enzymes by several
folds. The alginate-pectin co-entrapped enzyme
preparation manifested fairly good storage
stability by retaining about 73% of its
dextransucrase catalytic activity after incubation at
4°Cfor 30 days (Fig. 7).

Annual Report | 2018-2019

The repetitive batch experiments suggested
substantially good operational stability of the co-
immobilized enzyme system. We investigated
oligosaccharide production through synergistic
catalytic reactions of dextransucrase and
dextranase enzymes, in their free and
immobilized forms. The synergistic catalytic
reactions of alginate-pectin co-entrapped enzyme
system were able to produce 7-10 g L-1
oligosaccharides of a high degree of
polymerization (DP 3-9) from sucrose (~20 g L-1)
containing feedstocks, e.g., table sugar and cane
molasses. This alginate-pectin based co-
immobilized enzyme system is a useful catalytic
tool to bioprocess the agro-industrial bio-
resource for the production of prebiotic
biomolecules.

Salient achievements

> Dextransucrase and dextranase enzymes have
been co-entrapped in alginate-pectin beads.

> The co-immobilized enzyme-bead system was
physico-kinetically characterized, and
employed for glucan-oligosaccharide
production using table sugar and cane
molasses as feedstocks.
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diformylfuran, Catal. Today, 319 105.

> Jadaun JS, Narnoliya LK, Agarwal N, Singh SP (2019) Catalytic biosynthesis of levan and short-chain
fructooligosaccharides from sucrose-containing feedstocks by employing the levansucrase from

Leuconostoc mesenteroides MTCC10508. International Journal of Biological Macromolecules. 127, 486-
495,

> LiH, Zhao W, Dai W, Long J, Watanabe M, Meier S, Yang S, Riisager A, Saravanamurugan S (2018) Noble
metal-free upgrading of multi-unsaturated biomass derivatives at room temperature: Silyl species enable
reactivity. Green Chem. 20 5327.

> LiH, Zhao W, Dai W, He J, Meier S, Yang S, Riisager A, Saravanamurugan S (2018) Control of selectivity in
hydrosilane-promoted palladium-catalysed reduction of furfural and aromatic carboxides under benign
conditions. Communications Chemistry, 1 Article No. 32.

> Yang T, Zhao W, Li H, Yang S, Saravanamurugan S (2018) Porous Zr-bibenzyldiphosphonate nanohybrid
with extra hydroxy species for enhancive upgrading of levulinates to y-valerolactone, ChemistrySelect, 3
4252

> Lata K, Sharma M, Patel SN, Sangwan RS, Singh SP (2018) An integrated bio-process for production of
functional biomolecules utilizing raw and by-products from dairy and sugarcane industries. Bioprocess and
Biosystems Engineering 41(8), 1121-1131.

> Kaushal G, Kumar J, Sangwan RS, Singh SP (2018) Metagenomic analysis of geothermal water reservoir
sites exploring carbohydrate-related thermozymes. International Journal of Biological Macromolecules
119,882-895.

> Kirar S, Thakur NS, Laha JK, Bhaumik J, Banerjee UC (2018) Development of gelatin nanoparticle-based
biodegradable phototheranostic agents: advanced system to treat infectious diseases. ACS Biomaterial
Science and Engineering. 4, 473-482.

> Dwivedee BP, Sharma M, Soni S, Bhaumik J, Laha JK, Banerjee UC (2018) Promiscuity of lipase-catalyzed
reactions for organic synthesis: a recent update. ChemistrySelect (Wiley). 3, 2441-2466.

> Singla G, Sandhu PP, Sangwan RS, Panesar PS, Krishania M (2019) Value addition of kinnow industry

byproducts for the preparation of fiber-enriched extruded products Journal of Food Science and
Technology, 56 (3), 1575-1582.
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> HUR &, TATAM AR, HIORT TH (2018) TG & U I g, Jqars, i sk e & Fador & forg
ThIhd DBV, TERER CaTaron RUE U 89-93 |

> $UR TY, UG I, HId TP, TIAATS TF (2018) | WifSaH feeme AHiegs R oieiia Hifean & paci &l @
BT XY STFHTRISOIRMA | RSC S 8, 30106-301141

> Wieq ug, fgadt oY, Rie wm, Jgw1 o, firen st (2018) Tbs! & (@1t Aa) # shweha 3 & o7 3R
AU ]| et T el wolel & Tzawor §, 2018, 127-1501

> BIAWR dUY, TTed T (2018) HaR B 4 B 3R AIST: 4T & 3T TN-a% F AfferesT sk fafd & agqent
& e ue Tieft ufsran| efisR I@re &1 S 194: 158-1661

> A+ TH, I SRUY, J1Gd THS (2018) MG & I & d 37 Jd IUDR 3R JEHGHE! BT IAG B ardt
BIESIATECH TSTEHI &1 TgfhaTd® HRATs TR UK YURAGRC Y T Iol BT ITGH B & o7t Udh ST
DIV 59 O HISHISITT | 50 (2): 395-404

Ude GRIY
> eftor griftra SR § Sger, dgfere TR SR fafde & Idrea & forw ua ufshar| 9 wisd wHid
01911013540

> THIER MYTRT We-T-Tf, e aaTel-fiiey SR crwie] fibe & faema & fore ufshand| Ode wisa .
201911011404

> GhISl STHN ¥ IATG &R & it T Iu=ur fafer| 0de wigd . 201911007403

> fafm ISR SR 379 Fraferes ol & Gedie &l IRAftd & & o T Jeuy, g3 oIk 3= Ius ufshar|
Ucde BIgd HHid 201911011852

» Kinnow T I & UMY ¥ TG SER BISaR TS W USSR & [dHN & g U g3 Y0MIf 3R 39
JUTNT BT JUANT 6T § | U HT3d i 201911017743

> HIH T HIoH ¥ 7Y 3R dg WTE Jad N gIEgIagele & IdTe & forg Iu=um Ufhar| 9T wisd HHid
201811048486

> Th-SamN g i snumid gt urg siiaarss A-ierifre gdt QReme e, AMURIER 3R Widibe e
SV & foTg Uce Wisd . 201811048498

> WAdd diid J Ui A 3 famRia #7 & o WRa 3R Ueh-ule Ufthary, s9d a1y €t UhT=r Sea-
VAT o foTY TRy A-IHUN & TS IT WG & AW J I 41 A1 & fary | YRerg e Bigd s
201811044076

> HISEIS ard Sl-Faeiel U Sl-Tgare Mg & ol T U fafYy, 3iR 39 91 &1 Iudi vl ¢ | Uee Bigd
9.201811023113

> PEMD Hlede TRICIHRM & A1 J TRISH U gaefaes faamaes & feriRigaiRie s | fifda & s
% foru fafd | U wIsd. HHE 201811019330
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> Kumar V, Sangwan RS, Krishania M (2018) Integrated Approach for Extraction of Xylose, Cellulose,
Lignin and Silica from Rice straw, Bioresource Technology Reports Pages 89-93.

> Kumar S, Nepak D, Kansal SK, Elumalai S. (2018). Expeditious isomerization of glucose to fructose in
aqueous media over sodium titanate nanotubes. RSC Advances 8, 30106-30114.

> Jatav S, Dwivedi P Singh M, Sehra N, Mishra BB (2018) Properties and important molecules of
medicinal interest in wood apple (Aegle marmelos), In Synthesis of Medicinal Agents from Plants,
2018,127-150.

> Kauldhar BS, Yadav SK (2018) Turning waste to wealth: A direct process for recovery of nano-silica and
lignin from paddy straw agro-waste. Journal of Cleaner Production 194: 158-166.

> Chownk M, Sangwan RS, Yadav SK (2018) A novel approach to produce glucose from the supernatant
obtained upon the dilute acid pre-treatment of rice straw and synergistic action of hydrolytic enzymes
producing microbes. Braz J Microbiol. 50(2):395-404.

Patents Filed

> A process for production of xylose, levulinic acid and lignin from spent aromatic biomass. Patent File.
No. 01911013540.

> Processes for development of tomato based Swaad-e-Seasoning, Tomaco spice-mix and TomZesty
Fizz. Patent File No. 201911011404.

> Anovel method for production turanose from sucrose biomass. Patent File No. 201911007403.

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

> 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.

> Novel process for the production of off odour/off flavour free protein hydrolysate from maize gluten
meal and uses thereof. Patent File. No. 201811048486.

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

> Simple and one-pot processes to develop polypyrrolic compounds in scalable manner and
development of their nano formulations through encapsulation or conjugation forming photosynthetic
nanopigments for light harvesting applications thereof. Indian Patent File. No. 201811044076.

> A novel method for D-allulose production from D-fructose containing feedstock, and uses thereof.
Patent File No.201811023113.

> Method for isolation of lignin from lignocellulosic biomass in acidic deep eutectic solvent through
organic solvent extraction. Patent File. No. 201811019330.
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> "1,5-TSERSIRT-3,8- SR ARIRARRIA" ! Wiear YHHRT ¥ e B &I U JgcR UfihdT | R U Brsd
HHiP 201811028298

> TUfor iR & 3= Ysdl W-BrRe R & g SHTGA & AU T W fafy| 9de wIgd . 201811050007
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An improved process for isolation of "1,5-dihydroxy-3,8-dimethoxyxanthone" from Swertia paniculata,
Indian Patent File. No. 201811028298.

A simple method for extracellular production of high purity C-phycocyanin from Spirulina platensis.
Patent File No. 201811050007.
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2018-19 & ERTH TRSIRT Jie 3R BIET faavur

> Tegafid IdTe faem 3 foe arae & Sra=ist o1 ITNT (CIAB TRRTRIY URaierT. Sield), YRd WHR T ¥ 4.23
EZUS)

> USTE & dral &3 B Ao aRie s TR 3R SR &% (RBIAC) &1 RITGAT (¥ 1.6 HRIS DBT, HRA IRFHR)

> UoTe & ATeafies HY / WTe YRRl ITH Aedd B RATTAT (3 2.3 TS SIS HREY!, S, YR IR )

> U IdTE MY SR SR HSRUT Younferdt &1 e 3R SFEHa (RIe-HTHT URESHT S, HRd WRBR F 50
ARG 3) |

> T fBfeiT & ST iR araa fAifeh Tg-3dre &1 sifiiean Teaie- far TR (|geH-HTHT Tieide SIS, YRa
WHR Y 40 ARG FUT) |

> oo Sl Uioige 3 IHN-[331308 [RGB IASess & IuIde URddd &I C4-Sugars Bl Chemocatalysis
BT YA ISP GeeR cIuw! gRT fad Uiftd fsan §1 (12 aRa %) - A1 (2019- 20) |

> A YIS 3R 30 HIV-IAHN T 3= Sl g & IaTe- & forg M) & faswm iR Manfiie) W yRa-
e URASHT | (HRA IRPR 4.5 IS $U)

> THIER 3R TN & IFd I 3R Id et Sita- & forg Wenfifasal o1 TaaR iR yesi (@i, 4R WaR ¥
66 TG ¥UY)

> ANHUN & 1Y IR & o ST SEHRETTRIID TRIS-T Sgd H T A= &l geam dI IR
DI SHISRT TSI & d8d SERB-DST §RT SHIEd fwan T 81 (33 ARd ¥UT)

> ECRA TISHT & dgd SERB-DST gRT faaaif¥id Lignocellulosic STITHART & HRIe deRIdhR0T & forg ool werr
IRANS AIRTHE (44 ART F) |

> yHA-ufifee S-age i 3- TR & e & e M ST 3R SiF G- IUHiaa), Prafdd Idre) of
I B | UGN | THS RS gRT 3l pRAR Nt 31aTs & U H 48 I@ ¥Ud fu 17U

> TfFeH R & 3= Hars a1dt &3 & TRH niches 3R fobTad W yerf & AR Bt TRAATHS 3R HRTHD
TEOT IO 3R Y e S § STaigisgc R UM & URkad & g Sia 919 &t Ugd | IBSD §RT
43.0 9Rd 3UT UeH fHU, DBT & A1 Fgarit uRaeHT & =0 H|

> PES Idmal I WS dd & IdTed & T Ue a1 P10 (I3 & forg, farifes siferiiaisgy ok Si-
TP | We TRITH ¥ SRES SATGl & IATG & (a4 TP 91 EPHI0T| Slalc! gRT 83 AT .

> IR aTed SIHUT (SHISR / 2016/001237) THHRET (ST SrgM "l O ST 3T g UST FfexHd
ey & HH-TaTghfes TRIRAT &) YF3Td 24 A1, 2017 A 31 (45.42 TR F)

> SIegcl: foag ufkaieHT: Sid $eM 3R IU-3dTe! & TaiaRU-fesTs; IdTe & fo HiY s/awiel & Usdidd
IR & fore fyem Meifiie! da) $d Jofe: 40 AR 3|
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Extramural Grant and Funding details during 2018-19

» 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, GOlI).

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

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

» Research Consultancy Project entitled Selective Transformation of Biomass-Derived Glycolaldehyde to
C4-Sugars using Chemocatalysis has been funded by Haldor Topsoe (Rs. 10.95 Lakhs) — ongoing
(2019-20).

» Indo-Sweden project on Development and validation of technology for production of high energy
density biocoal from rice straw and other agri-biomasses. (Govt of India; Rs. 11.16 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).

» Protein engineering and gene mining strategies for the development of thermo-acidic D-psicose 3-
epimerase, useful in generating functional products. Granted Rs. 48 lakhs by SERB as Early Carrier
Research Award.

» 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. Granted Rs. 43.0 lakhs by IBSD, DBT as
collaborative project with IBSD.

> A novel approach of production of functional products (e.g. prebiotic oligosaccharides and D-Psicose)
from sweet sorghum. Granted Rs. 83 lakhs by DBT.

» 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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. P SSPJ&Co.

{Formerly Sandeep Pawan Jain & Associates)
CHARTERED ACCOUNTANTS

(Peer Reviewed firm)

Firee Registration Mo, J18083N

AUDITORS' REPORT

TO THE MEMBERS OF CENTRE OF INMOVATIVE & APPLIED BIO PROCESSING
(FORMERLY BIOQ PROCESSING UNIT)

1. We have audited the attached Balance Sheet of CENTRE OF INNOVATIVE & APFLIED
BIO PROCESSING (FORMERLY BIO PROCESSING UNIT) as at March 31, 2019, the
Income and Expenditure Account and Receipt & Payments Account for the year ended on
that date annesed thereto. These financial stalements are the responsibilily of the
Institution’s Management Qur responsibilily s to express an cpinion on these financial
statements based on our audit

7 We conducied our audit in accordance with auditing standards generally accepled in
India. Those standards require that we plan and perform the audit 1o obtain reasonable
assurance about whether the financizl statements are free of material misstatements. An
audit includes, examining, on test basis evidence supporting the amount & disclosures in
the financial statements. An audit also ingludes assessing the accounting principles used
and significant estimates made as well as evaluating the overall financial staternent
orasentation. We believe that our sudit provides a reasonable basis for cur opinion

3, We have oblained all the information and explanation, which, to the best of our
knowledgs and belief, were necessary for the purpese of audit In our opinion proper
books of accounts at are necessary have been kepl so far as it appears Irom our
examination of those books.

4. In our opinion, nd fo the best of our information and according to the explanations given
to us, subject to our observation in paragraphs & below, the financial statemsnts give
a true and fair view. in conformity with the accounting principles generally accepted in
India:

al Inthe case of Balance Sheet, of the state of affairs of the Bank as at March 31, 2019
anc ;

B} Inthe case of Income & Expenditure Account, of the Income’ Loss of the Institution
for the year ended on that date

5 The instiution has accowted for Leave encashment expense on cash basis instead of
making provision in respect of unavaiied eamed leave of the staff af the end of the year
ag par Agcounting Standard-15 “Accounting for Refirement Benafits' izsued by INSUlLle
of Charterad Accountants of indis (Refer Para K of Accownting Folcies)

Far$SFJ&GCo.
Chartered Accountants
Firm Registration Ne.0

Place: Mahali

Dated: 28,06 2019 {CA Surdsh Ku
Partnar
Membership Mo 09
UDIN: - 1909927 5AAAA]

¥ Delhi Office: 105, Roots Tower, Plot No. 7, Laxmi Nagar District Centre, Laxmi Magar, Delhi-110092

¥ Chandigarh Office: #1276, Basement, Sector 218, Chandigarh-160022

B Landline: 0172-2541276, Handheld: +91 9417006611 | Email: suresh@spjca.in | Web: www.spica.in
B Office also at: Bathinda, Faridabad, Noida, Mansa and Ambala
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FORM OF FINANCIAL STATEMENTS (NON PROFIT ORGANIZATION)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
(FORMERLY BIO PROCESSING UNIT)

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

BALANCE SHEET AS AT 31" MARCH 2019

{Amounts in Bs.}

CORPUS/ CAPITAL FUND AND LIABILITIES = Schedule Current Year Previous Year
Corpus/Capital Fund 1 55,06,19,800 54.41,06,276
Reserves and Surplus 2 1] |
Earmarked / Endowment! Project Grants 3 3,93,32,722 | 3.09,11,804
Secured Loans and Borrowings £
Unsecured Loans and Borrowings 3 -

Defferred Current Liabilities f - 2L LR
Current Liabilities and Provisions 7 1,69.44. 151 ' BE.45,980
TOTAL 6i,68,96, T4 S8.38.64,067
ASSETS Schedule Current Year Previous Year
Fixed Assets B 453960168 43,0928 362
Investments- from EarmarkedEndovwment funds 9 = -
Investments - Others 10 - -
Current Assets, Loans & Advances eic, 11 15.29.36.536 ' 14,3935 706
TOTAL 60,68,96,704 58,38,64,067
Significant Accounting Policies 4
Contingent liabilities and notes on accounts 25

& 0.
TS
— G ﬁgﬁ’
(SUNEET e Ay (DR.T _-srﬁﬁa} (CA SURE
MANAGEE FINANCE CHIEF ﬁE.CUTWE OFFICER PART

Membership No. 0 y
Lesn — 19299279 ARAA BP 1 E T

= freres T TET /D TR Sharma
g T ST S Chied Executive Cfficer

Dated: 28062019

Place: Mahali e . 5 ;
. Place: Ma e T A o - T e
r Li Canter of Irencraative and Appled Bopeacessing
Suneet Verma / 78 = g iR fenTm, W AR
Manager (Finance) / wars iy Dasparimant of Binfechnology. Ganl. &f India

HzT -8 (i B ) s secion 7 (Kesusdge iy

Center of bnovative & Apphied Bio i
i PIOCESS] TP
3 o SR (W |, W Mahali {(Punjalr), India

T S W - e wr
Gol, of India / R v
Depfl of Bistechnology /sheatetfistt iy
Mahafl, Punjab.Sewit, wam- 160071
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FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISTIONS)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
(FORMERLY BIOPROCESSING UNIT)

C-127 INDUSTRIAL AREA PHASE-§ S.A.5. NAGAR, MOHALI

INCOME AND EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31" MARCH 2019

[Amaunt in Es.)

INCOME Schedule Current Year Previous Year

Income from Sales/Services 12 -
Grants in aid Ssubsidies 13 7,52,00,000 4,46,00,000
Fees/subscriptions [ 14 - -
Income from Investments (Income on investment from 15 B
earmarked/endowment funds transferred 1o funds)
[neome from Royalty, Publication ete. 16 - | -
I[nterest Earned 17 5§2,03,748 | 56,31,282
Crther Income | 18 27,07, 767 | 30,39,000
Increase/decrease in stock of finished goods & work- 1% - -
in -progress
TOTAL{A) 8,31,11,515 5,32,70,282

EXPENDITURE Schedule Current Year Frevious Year
Establishment Expenses 0 2,10,93,124 | 2,58,18,359
Othier Administrative Expenses [ 21 28385614 22243 834
Research & Development Expenditure (Incl. Grants, MA 2,20 65,049 . 3,04,55,647
Subsidies etc)
Expenditure on grants, Subsidies etc, 22 = 5
Interest 23 - -
Depreciation i 5.41.54.209 5.05,51,107
TOTAL{E) 12.65,97.996 12,90,68,947
Balance (+)surplus/ ({-)deficit) (A-B) _ -4.34 86481 | -7,57,08 665
Deficit carried to Schedule-7 (Payable to Government) -2,85,71,341
Balance being surplus/ (deficit) carried to Capital =4,34 86,481 . =4 7227324
Fund (Schedule 1}
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 25

(DR.T. R¢SHARMA)

CHIEF EXECUTIVE QFFICER

‘_S{glhjl?;fEET vmﬂjﬂ

MANAGER FINANCE
Dated; 28062019

Membership Mo, 090270

. 59 W Tl 0n T. R Sharma

Place: Mohali I T SRR Chiel Execuive Dfficar
: AT T S W - I 3

Suneet Verma -'ﬁ_:% Tu.'ﬂf Eemru‘;nzc:-at-ﬁ anid Apslisd Dicprocessing
Manager (Firance) [TA1RR e g gt fver, YT T

of Innovative & Appled Eiopooessng
'c::?ﬂ:iﬁtﬁu T - T R
Gt of indlia | ¥OE H”,:F_ .
Deptt. of Biotechrology I vige pEa MR

Whchiah, Puriah AT, - 160071
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Form of Financial Statements for the Ceniral Avtonomous Bodies [Non-Profit (rganizations and Similar Instituthons)

CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
(FORMERLY BIOFROCESSING UNIT)
Kmawledge City, Sector &1, PO Manaoh, 545 Nagar, Mohel

RECEIFTS AND PAYMENTS FOR THE PERIOINYEAR ENDED 0N 31.03.2019

FETTETTEEY |
RECEIFT | Current Vear | Frovioss ¥ear PAYMENT Current Vear | Previous Year
I Dipening Balssce I. Expenditure
a| Cash in Hmd 4] Fatabishiment Expmons
i Blank Flalances O M poswer-Feiisaneil Steigh 287, W61 2EE 00170
1} In currest sccousis
1} Ik depsil Accounis 98710533 G40, 096860] (1) Adménisorative Expenss
il In Savings Accmns 1540257 H0,13430) (i) Travelling & comvevince eapenics 3,52/062 TI3,107 |
Iui} Poetnge, Tel ephne & oL caton chisgcs 4,08 795 5,40, 102
il (i) CHTice and Admn Experses b1 738 992281
1) Capith Geam I 0000008 100080000 [iv) Adveniscsens & Pehiicity (X RlE
[} Ravvnm Crand TALOON0H  AALS0000]  [v) Repair & Pai e 10,51 65 IR )
. iy Primfing & staticoery 491,447 741024
WL Intereie Beeeived | {wii} MEmpowe - Cretsoursing, Bo, 79,054 56,9565
aj U Bank Dleposiis | 33,533,343 63, 19451 ¢ Fees & Homoranum 1 3,14 000 z.w:m
b fiah Eloaricity & Waler charpes T1ad 674 & TS50
1V, (ither Incsmes (i) Weorkshop/Senmirer Experiacs 2,73,081 105,492
) Tender Fess BAE1D 136330 gxii) Vehighes Bunming & maintcasnce oele| 471,331
1) Phi. 0 Fex: 1,37 360 (i Shiftig Esperses & ERERCT ]
I K] Fee ELI ) CMCAMCE Geseral 08613
dp LD Charges - (a0 ) Watch & Ward Experses 19,408 10,537,150
) Charhend mcome rom excra murml peojects [FALER| 13,006,925 i
f) Income frem Seergle analysis 9 504y A2 10| fe) Resenrch asd Development Exgemditure
£) Rentel Inzome a0 501436 (i) Cheamicals & Consmahles 144,36, TEI 2.27,3638%
§) Techandogy Transfer - #1235 (i} Fellownbep and Sspand A2 361 5106411
i Traiming Fee B4, 575 1547 (i) Crompuier Sodwamm & Apoesson os 714,853 298513 |
A0 THbers {Mise ) S0ER FLEEE) [iv) Resswch Wiek Experses IR%%.322 15, 12307
[} Paieni Filing Expenses | 3184 71,277
i {¥1) Hesearch publicaion espensas 22257 4, 100
V. Dther Recripts | i Sequencing Experses 152330 1,04 BE1
() Cirant fior orpanizing soleatifia ovems . 2,096,778 {vii] Resopnition Fee & Mazbership fos 2000 10,0, 150
] Exiarnal projects and fllewships 35410558 3,79 36424
il ik samedi
(5} Earnest Muovey Dreposts 148,720 10,23,775 | N Expensivure oa Fiscd Auets & Cagital Wark-in!
(4] Security Deposits 477550 400,467 | [a] Prrchase of Fized Asss |
[} (IS T porvahle A% 1) Librory Books 2, 50600 316,497
(1) Cation Money deposiied by studenis L (i} Scierdific Equipments & Accessories 2,%1,41 B3 300,80EIT
g el Welfwe find 32073 (i} Compeicrs and Peripherals 4, 14,874 52,96,543
- () 3 i Fopsipen s [EERE] 132,685
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o {iiiy Eaterrod projects and fallowships 27240858 1,86.79516
I¥. Other Paymeais
{liy Advasce o Enployees . 32,556
) TS mefiond yeceivable from [T Dept s .77
i} Crprdingrs pvabie - 4,231,803
[ | . Clasing Ralmsor |
) Cicsh i Flisml
) Bk Balinees Fily
1} In Current Accounts
i) In Daposit Acoounts 13,32, 15,651 9,42 10,533
iii} In Savings Aseouns 45,70, 1546, 157
Grand Tatsl | 26006376 HEL130% | Grand Tt 26,00,60,746 | 29858100
PSS 5P IR TO
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FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISTIONS)

CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

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

SCHEDULES FORMING PART OF BALANCE SHEET AS AT 31.03.2019

SCHEDULE-1

CORPUS/CAPITAL FUND
{Amount in Rs.)

Particulars Current Year Previous Year
Ralance as at the beginning of the vear 54,41,06,276 49, 13,33 505
Add : Contributions towards corpusicapital fund 5,00,00,000 ~10,00,00,000
Add : Fixed Assets Created out of Project Grants 51 5
Less/A{ Deduct) | balance of net expenses transferred from the '
income & expenditure alc =4 34 86,481 —4.72.27.324
BALANCE AS AT THE YEAR -ENI} 55,006,198 | 54.41,06,276
SCHEDULE-2
RESERVES AND SURPLUS
[Amount in Bs.)
Particulars ' Current Year Previous Year
1 |

I_Capital Reserves: Land provided by Punjab Gowt,
2 Revaluation Reserve | E
3.5pecial Reserve =
4.General Reserve
4, Unspent Govt, Grant
As per last Account _ _
Add: Addition during the vear . . z
Less: Pavable to Govt. (Trasferred to Schedule-7) '

TOTAL 1 1

CHARTERED
VMEM
[SUMEET VERMA} (DR, T-RTSHARMA) (CA SURE
MANAGER FINANCE CHIEF EXECUTIVE OFFICER PARTHNER

Membership Mo, (94

Drated: 28/06/2019 +. fareres 090 9.2 De T. R. Shammna
Place: Mohali s R SIERETR . Chid Exeutivn Offiear
S e W L e B ) T
Certer cf In and Apolied Biopreoassing
utE gl firr, SRE T

T (=]

Sunaet

Verma | gite

e I TaE T
Center of Innevafve & Appliad Bopocesaing
T T W A - S R
Gavi. of India / WITR BTN
Deptl. of Biolechnoiogy | wratifed Fam
Wickal, Punjzh (ST, Tom- 160071

Dinpariment of Bistechnoicgy Gow, of inda
HFET = &1 (S | «Secnr-51 {Knowiedgs City)
=T |.'I"~«:I11'I':I ¥ETE ~Nchal [Funjab), India

Center of Innovative and Applied Bioprocessing
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SCHEDULE 3- EARMARKEIWENDOWMENT | FROMECT GRANTS
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SCHEDULE-4
SECURED LOAMS & BORROWINGS
{Amount in Rs.}
Particulars Current Year Previous Year

. Central Government D _
. State Governmentspecify) - .
. Financial Institutions 2 g
Banks 5 h
. Other Institutions & agencies ' Tean| .
. Debentures & bonds _' =T =
. Others(specify) Zi| 3
TOTAL - L

=1 WA [ el | =

SCHEDWLILE-5
UNSECURED LOANS & BORBOWINGS
(Amount in Ks.)

Particulars Current Year Previous Year
. Central Government = =
. State Government{specify) I ] =

. Financial Institutions |
. Banks: | =
. Other Institutions & agencies | 7| -
. Debentures & bonds ey :
. Others(specify) ) ' L | =
TOTAL - =

1| O LA | i | | bl | =

" .
*EHMQLALL[“AF {é’gﬁ--"' .
[SITNEET VERMA) (DR, T. #5HARMA) [CA SURESH.E

MAMNAGER FINANCE CHIEF EXECUTIVE QFFICER PARTHER
- Membership Ma. m

% oo =1 "9t /Dr T. R, Sharma
e TR SRR Chied E-c\:ulwe".:ﬂlr-.'
=l e SR A - W S

Cactar al InnovaSve and Agpand Booprocessing

Dated: 28062019
Place: Mohali

uneat Verma | Tl ot <8 Ut o, W e
Suneet .E _F, =-. Dapaitame of Botechro Geervl. of Ind
Massgjor (Finance] /iR Hicd T - o1 (A Tl ) . 1 [Mresdedge Gyl

%l::;sl_:liuﬂ;: j_E“ ]_;["5_?:; sl (YA |, WA~ Mokal (Panjak), india
. b Lol Al = RSO ohid
Gowt. af india | ¥ R
Depi. of Binechnology [ wam ot faym
Nahall F'IJI'!J'SI: ! :'\-'?I::i.-ih!_ TamE-160071
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SCHEDULE-6
DEFERRED CREDIT LIABILITIES
{Amount in Rs.)

Particulars Current Year Previous Year
|. Acceptances secured by hypothecation of capital
equipment
2. Oihers | | 2
TOTAL ~ B
SCHEDULE-T

CURRENT LIABILITIES & PROVISIONS
{Amount in Rs.)

Particulars Current Year Previous Year
A) CURRENT LIARILITIES
. Sundry Creditors

a) For Goods/Services : 16,19, 858 | 6,21,607
b) For Securities 998296 | 5,20,346
¢} Eamest Money Deposit j 18,84.950 | 15,36,200
d) Caution Money deposited by students 20,000 |

e} taff Welfare fund 32,073

2. Interest accrued but not due on:
a} Secured LoansBorrowings
b) Unsecured LoansBorrowings

3. Statutory Liabilities
1) TDS Payable j 2,74,500 | 1,42 825
b} GST Payable _ 17.968 22,491
b) Punjab Development Tax 3,600 |
4. Other Current Liabilities | [
a) Manpower (Salary) Payable 24.20,816 | 22,1497 |
[} NPS contribution _ 293,010 267,642 |
b} Other Expenses Payable _ 41,75,362 35,20,578 |
¢) Interest refundable 1o CFI | _52'.03.?43
TOTAL(A)| 1,69,44,181 | £8,45,986
B) PROVISIONS
1. Gratuity 3 T

2. BuperannuationPension
3. Leave Encashment o z

TOTAL(B)| - -

C) Amount transferred from General Reserve- Opening Balance -
) Surplus being payable to Government - Opening Balance | | 2R571.341
Less- Loss of current vear -2,85,71,341
TOTAL{A+RB) 1,644,181 K8,45,986

CHARTER
f
mmgmw ' — !
[SUNEET VERMA) [DR. T. ARMAY [CA SURESH#]
MANAGER FINANCE CHIEF EXECUTIVE OFFICER FARTHER

Diated: 28062019 4. ferereR Tr 94 0 T, R, Sharma
Place; Mohali i i
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[ TOTALiA+H)
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138 AT |
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B ALIAT |

SCHEDLILE-8
FIXED ASSETS
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UFTD 3014
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53300 |
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SCHEDLUILE-9
[NVYESTMENTS FROM EARMARKEINVENDOWMENT FUNDS
{Amount in Bs.)
Particulars Current Year Previous Year

1. In Government Securities . - .
2. Other approved securities . - | :
3. Shares x =
4, Debentures & Bonds ' ) a0
5. Subsidiaries & Joint Ventures ' -
6. Others (to be specified) 2 3
TOTAL - -
SCHEDULE-10
OTHER INVESTMENTS
{Amount in Bs.)
Particulars Current Year Previous Year

1. In Government Securities - 5
2. Other approved securities ' com| i
3. Shares — : i -
i |
5

Debentures & B_L‘ll'!di [ -
Subsidiaries & Joini Veniures | -
fi, Others(to be specified) - .

TOTAL - z
& CO.
CH TS
I
Seee B -
{SUNEET VERMA) {DR. FR-SHARMA) (CA SURE
MANAGER FINANCE CHIEF EXECUTIVE QFFICER PARTNER
- hemberchip Mo, TS

Dated: 28/06/2019 4. % Tt 39D T R, Sharma
Place: Mohali Y TR AR  Chiel Executive Cifioes

AU T A TgE 19 - T T

Canler of In a8 ol Anciiedd Sl
Suneet Verma | At == e 1r-f|",'ﬁm=|p -FH'::J:F ;"'T“['I!:II:I:*“"

Manager (Finance) /e fm . Depariment of Bia) Ay, Gout. of india

Center of Innovaive & Applied Bloprozessing eT-81 (T Bt ) Becter 1 jine

S T FIE o - e R HIFE (WA, W Mahak (Peryab), i
Gowt. of India ! WA TR

Diepit. of Biotechnoiooy Seaaifign fmm

Mahall I-*Jnl.al;u."!'fmﬁ, TaHE- 160071
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SCHEDULE-11
CURRENT ASSETS, LOANS & ADVANCES
{Amount in Rs.)
Particulars Current Year Previous Year
A) CURRENT ASSETS _ |
1. Inventories - -
a) Stores & Spares ' =R | H
b} Loose Tools [ L s
¢) Stock=in-trade Sl
2. Sundry Debtors _
3. Cash balances in hand = =
4. Bank balances: ' i =
a) With Scheduled Banks:
-0On Current accounts | S =
-On Fixed Deposit accounts ' 13,32,15,65] 9.82.10,533

-On Savings accounis | |
(1) State Bank of India Ale | 49,70,902 | 1546257
TOTAL{A) 13.81,86,553 9,97,56,790

B) LOANS, ADVANCES AND OTHER ASSETS

1. Loans i [ 4| =
2. Advances and other amounts recoverable [ [

in cazh or in kind or for value to be

received:
a) On Capital Account = 2
b) Security for Gas cylinders _ 16,000 | 16,000
c) Recoupable form Govt. Apgencies [ [
d} Advance 1o Emplovees for Official Purpose 23,072 36,056
&) Chhers{specify) [ 4
(i) TDS Receivable [ 2.03,593 203,593
(ii) IMTECH - 5,750
(iii) Deposit with PMC ' 1,31,51,109 4,76,51,670
(iv) Bioprocessing India Conference ' 91,800 01,900
(v} Booninisa, Thailand [ 29,857 | 29 857
(vi) Dircctror INST 3,270,640 1,00,682
3. Income accrued: | [ e
a) on investments from earmarked/endowment funds
b} on Investments
clon loans & advances [ [
d) on Fixed Deposits with bank [ 913,812 | 1043407
) on Savings Bank Account
4. Claims Receivable - -
TOTAL(B)| 1.47,49,083 4,41,78,915
TOTAL({A+B) 15,19.36,536 14,39.35,706
‘%}ﬁ:m VERMA) E (DR_TF-T. SHARMA)
MANAGER FINANCE CHIEF EXECUTIVE QOFFICER

Membership Mo, 199279

¥ ferr T mf-or TR Shama
T TIEA HERETS. Chisf Executive Officer
i1 T AT S - s ae
r of Infovatve and Applied Bioprocas
sumetugfmafaﬁm ] T ﬁ}'lﬂ? LG H:;Eﬁmn
Manager [Finance) fvere B ¢t of Ewlechnolgy, Govt. of india
Genter of Innawative & Applied Bioprocessing e )
i va I A - T A b, S
Gewt. of India | ¥TE #E6RR
Dept. of Bictechnology At fmr
Wi, Funjab (=Tmre, Sam- 160071 b

Center of Innovative and Applied Bioprocessing 185

Deated: 28/06/2019
Place: Mohali




arffe yfedes |1 2018-2019

SCHEDLILE-12
INCOME FROM SALES/SERVICES
{(Amount in Rs.)

Particulars Current Year Previous Year
I. Income from sales
2. Income from services - -
TOTAL = z
SCHEDLILE-13
GRANTS/SUBSIDIES

{Amount in Rs.)
Particulars Current Year Previous Year

(Irrevocable Grants & subsidies received) | [
. Central Government | T,52,00,000 | 4,486,000, 000
Less unspent grant transfered to General Reserve

2. State Government [ g r
3. Government Agencies 5 g
4. Institutional fwelfare badies [ = 1| =
3. International Organisations | N
6. Others (to be specified) [ L .
TOTAL 7,52,00,000 4,46,00,000
SCHEDULE-14
FEES/SUBSCRIPTIONS

[(Amount in Rs,)
Particulars Current Year Previous Year

1. Entrance Fees .

2. Annual Fees ( subscriptions & 5

3. Seminar/program fees ' | 3

4. Consultancy fees ' 2

5. Others IS | <
TOTAL - E

SCHEDULE-15
INCOME FROM [NVESTMENTS
[Amount in Rs.)

Particulars Current Year Previous Year
1. Interest [ - 5
a)0m Govt, securities 5
b)Other Bonds/Debentures ' 5
2. Dividends: = -
a)On shares [ -
b)0n Mutual Fund securities [ E
3. Renis =0 c
4, Others {specify) | 2 z
TOTAL - =
MSSSP]&ECD,
RRANTS
Al
S upas Uy == .
(SUNEET VERMA} (DR. T SHARMA) {CA SURES
MAMNAGER FINANCE , CHIEF EXECUTIVE OFFICER 2% :
Suneet““rmal' Eul 5 = T 3. 0r. T R. Sharma Membership Now¥9233
T W
&nlﬂmh“:? td Eu«pr:mssug £
= -ania

T T S
Gt of |n:1.1.m—..-rm:rr
Deptt. ol Biotechnoiogy | Sostgia i

Mokali, Purjab /4T, Sam-160071
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SUCHEDULE-146
INCOME FROM ROYALTY/PUBLICATIONS, ETC.
(Amount in Rs)

Particulars Current Year Previous Year

I. Income from Royalty . - E
2. Income from Publications . = E
3. Ohers{ specify) 2| -
TOTAL - =

SCHEDULE-17
IMTEREST EARMNED
(Amount in Bs.)
Particulars Current Year Previous Year

1. Om Term Depnsits
a) With Scheduled Banks (including accrued interest): ' 50,29,108 | 54.68.491
b} With Non-Scheduled Banks: ' '
2. Om Savings Accounts: | [
a) With Scheduled Banks; _ 174,640 | 162,791
by With Mon-Scheduled Banks:
c)' Post Office Savings Account
d} Others
3. On Loans
&) Employees/staff
k) Interest on Mobilisalion Advance
4)Interest on Debtors & other Receivables
a) Interest on refund of Income Tax

TOTAL 52,03,748 56,31,282

MESSPI&CD,

{ELE\JL‘EET "-!LE'RM.#.} I {DR.T. K. %

MANAGER FINANCE CHIEF EXECUTIVE OFFICER
Dated: 28/06/2019 . T T WD TR, Sharma
SRR T Crinf Exampsine Oy

Place: Mohali il T S - T
Sunsel Verma | i =i VIR, VIR AT
1 (Finance) | vrem T i B :_' i ..I-:.r,l.: ¥in -
nndvilive & Applied Bigprocessing ‘ ; £ ':r'f _',:"'r]
T SETTE - T B

Govl of Inda | ¥R TR
Depit of Biglechnology et e

Mioteak, Funfab 9wt Soe- 160071

=
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SCHEDULE-18
OTHER INCOME

{Amount in Bs.)

Particulars Current Year Previous Year
1. Profit on salefdisposal of assets - -
2. Export Incentives realized =
3. Fee for Miscellaneous Services =
4, Miscellaneous Income
a) Tender Fees 91,540 1,36,531
b) Fh. D Fee 1,27,360 | -
) RTI Fee o2 20
d) Owerhiead income from extra mural projects 12,14,374 13,03,925
e} Income from Sample analysis 9,500 | 42,200
) Rental Income 11,19,732 6,02,118
g) Technology Transfer = 89286
h)Training Fee 84,575 o1.947
i) Orthers (Misc.) 59,884 | 7.72,973
TOTAL 27.07,767 30,359,000

SCHEDULE-19

INCREASEANDECREASE) IN STOCK OF FIMISHED GDODS & WORK TN PROGRESS

(Armount in Bs.)

Particulars

Current Year

Frevious Year

1. Closing Stock
a) Finished Goods
b Work-in-progress
2) Less: Opening stock
a) Finished Goods
b} Work-in-progress

NET INCREASENDECREASE)1-2)

(DR.T. P&mg}

CHIEF EXECUTIVE OFFICER

(& EET\"ERJ-’[.-&] |

MANAGER FINANCE

Dated: 28062019
Place: Mohali

. o T IO T

K. Shanma

= ENEEAL J|E::f'7.f-"I.Zﬂ-?'-'::te;?.lli.lnl.".l'ilmr
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o
.I:....FT;;—I. 3.-|:I_|,|| of --"'_un:.‘.‘..'ﬂ".“': :'||"|!.I'\.i:lf_-|: l]-:l_:n:De-l.lng
R = we Uit e, s B
i fu] SORMOERSng Deparimenl of Bigiechnsiogy, Govt of ingle
fed - v wE et =81 (Al |-=r|r'ﬁ|:|.f9-u:u:r B1 [Knowiedge Cily)
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SUHELULE-20
ESTABLISHMENT EXFEMNSES
{Amount in Rs.)

Particulars Current Year Previous Year
1. Manpower Salaries, Wages and Allowances 2,10,93,124 2,58,18,359
TOTAL 2.10,93,124 21,58,15,359
SCHEDULE-2

OTHER ADMINISTRATIVE EXPENSES ETC.
(Amount in Rs.)

Particulars Current Year Previous Year

1. Travelling & conveyance expenses 3,52,062 733,107
2. Postage, Telephone & communication charges 385,381 572,516
3. Office & Admn Expenses 664,814 10,03.111
4. Advt. & publicity : 458,951 13,83,723
5. Repair & Maintenance | 10,51,653 | 22,117,490
. Printing & stationery | 401,447 | 741,924
7. Outsourcing | 8507102 | 58,75,447
8. Pees & Honorarium i 2,14,0000 S 2,99 398
9, Electricity & Water charges | T7.80,735 | 72,53,852
10. WorkshopSeminar Expenses 2,72,982 2,05,492
11. Wehicles Running & maintenance 3.71.901 | 4,54.208
12. Shifting Expenses ' - 345,044

13.CMCs/AMCs General [ 767,459 |
14 Watch & Ward Expenses : 18,63.379 11,58,522

15, Interest earned refundable to CFI 52,03,748
TOTAL 2,83.85.614 | 2,22,43.834

SCHEDULE-21 A
RESEARCH & DEVELOPMENT EXPEMDITURE (INCL, GRANTS AND SUBSIDIES ETC.)
{Amount in Bs.)
Particulars Current Year Previous Year

I. Chemical & Consumables 1.,45.90,963 2,24,19,156
2. Fellowships & Stipend ' 54.46,815 | 49,72,748
3. Computer Software & Accessories | 714,853 | 298,513
4. Plantation & Horticulture Expenses 20,04,061 14.59.523
5. Patent Filling Fee ' 31,840 | 71,277
6. Research Publication Expenses | 22397 | 24,100
7. Sequencing Services ' 1,52.220 204,230
8. Recognition fee & Membership fee ' 2,000 10,06, 100
TOTAL 2,29,65,049 3,04,55,647
& CO,
CHARTE ANTS

po MAE TR

(SUNEET VERMA) (DR, T. R Al (CA SURES
MANAGER FINANCE CHIEF EXECUTIVE OFFICER PARTHNER
. G - Membership Mo, 099
i # s ua ®i/0n T R Sharme
E&t::.;iﬂﬁlﬂ?ﬂ |9 1|I’rEI-e EALENLE .'*:'Iﬁmﬂ.-’cuml Eweistive Cmicer

T o SR o - e e
Coantar of Innovative ars Apglied Dioprocaesing
i T frm, s
Cepartment of Bictechnology, Govt of India
Wz~ 81 (S ) 2 Sector-81 (Knowledga City)
AT (AN, WIS A Mohak (Punjab], india
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SCHEDULE-22

EXPENDITURE ONM GRANTS, SUBSIIMES ETC.

{Amount in Bs.}

Particulars

Current Year Frevious Year

(a) Grants given o [nstitutions"Organisations

l(b} Subsidies given to Institutions/Organisations
I

TOTAL = =
SCHEDULE-23
INTEREST
[Amount in Bs.)
Particulars Current Year Previous Year
|. On Fixed loans -
2. On other loans - -
3. Others(specifv) - -
TOTAL - -

A
{SEEE’I‘ ".-’ERMA!TW (DR. T.@%ﬂf}:}' tcﬁ%ﬂg&L

MANMAGER FINANCE CHIEF EXECUTIVE OFFICER PARTHMER

Dated: 28062019
Place: Maohali

Suneet Verma / T
Mareger (Financs) e

i~ T inresuaties & BOERIE EE{“'I:‘:E':EJ“;
Canler of Inncyative & ARRHED
e I e b B Lia BE
Gavd ol ruika | M HEER
St faET

Dieph. of Bictechinciagy
Wokiall, Punjab /sieme, sfam-160071
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FORM OF FINANCIAL STATEMENTS
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali.
SCHEDULE 24
SIGNIFICANT ACCOUNTING POLICIES

A) ACCOUNTING CONVENTION

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

B) INVENTORY VALUATION

Expenditure on purchase of chemicals, consumables, publications, stationery and other stares are
accounted for as revenue expenditure, immediately on purchase of these items. There is no clasing
stock as on 31% March 2019 for above mentioned items.

C) INVESTMENTS

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

D) FIXED ASSETS

Fixed assets are created out of grants received from DBET and valued at cost of acquisition inclusive
of inward freight, duties and taxes and incidental and direct expenses related to acquisition.
However, the value of Fixed Assets created out of the completed/closed external funded
projects/fellowships have been taken at the nominal value of Rupee one for each article. The Land
which is allotted free of cost by Govt. of Punjab for setting up of CIAB has been taken at nominal
value of Re. 1

£) DEPRECIATION

Depreciation on fixed assets has been charged as per the rate prescribed in the Income Tax Act-
1961 on written down value method. However, no depreciation has been charged on the Fixed
Assets created out of the completed/closed external funded projects/fellowships as their value has
been taken at the nominal amount.

F) MISCELLANEOUS EXPENDITURE
There is no deferred revenue expenditure during 2018-19.
G) ACCOUNTING FOR SALES

(N e
Being an Institution there is no sales during the year under consideration. G:J‘FC%}PQ
i |

'..""- FEN. Ll:ml-.n--—-

\’hr ,au uf
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H) GOVERNMENT GRANTS/ SUBSIDIES

As the Institute is funded by the Department of Biotechnology, Ministry of Science and Technology,
(Govt, of India) and the grants are treated as irrevocable, the same has been accounted for on
sanction and receipt basis. During the FY 2018-19, recurring grants amounting to Rs.7,52,00,000/-
has been received for the purpose as shown in schedule-13, MNon-recurring Grants amounting to Rs.
5,00,00,000/- have been shown as addition to Corpus/ Capital Fund {schedule-1).

Interest earned on Govt. Grant amounting to Rs. 52,03,74%8/- has been shown as payable to Gowt.
(Schedule 7} in Compliance to Rule 230 (8) of General Financial Rules 2017.

I) Expenses payable up to 31" March, 2019 pertaining to FY 2018-19, have been shown under
expenses payable (schedule-7]. Any expenditure which has not been claimed or for which bill has
not been received pertaining to any expenditure relevant to the FY 2018-19, the same will be
accounted for in the year of claim.

J) FOREIGN CURRENCY TRANSACTIONS

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

K) RETIREMENT BENEFITS

The institute is covered under New Pension S5cheme of Government of India and is registered with
the agency approved by Ministry of Finance. Institute is regularly depositing the monthly pension
contribution (both employee and employer share) with the appropriate authority.

For Center of Innovative & Applied Bioprocessing For5SPJ1&CO.

V)
) ﬁww , g
anager Finance Chief Ex ice
_‘_,_4-"
Uat&ﬂf 2%&&019 r +# F‘ﬂﬁ':ﬁ i ‘-!H'f.-’Dr. T B Sharma Partner
Place: Mohali ey S MEERTT S Criel Exasutive Offcer MEI‘!‘II:IEFS"HF Mo. 099279

Tl T AR 1A - SRR e
Crnbar ol Innomaive and Aspled Sioprocassng
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Department af Bislechrology, Sent. of India
deer-m (A TS s Gecter-B1 (Knowledge City)
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FORM OF FINANCIAL STATEMENTS
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

Knowledge City, Sector 81, PO Manauli, 5A5 Nagar, Mohali
SCHEDULE 25
MNOTES OMN ACCOUNTS

The financial staternent of accounts is prepared in three parts (i) The Balanee Sheet, (i) Income & Expenditure
Account and (iii) Receipt & Payment Account,

1. Receipt and Payment Accounts

The Receipt & Payment Account carries the figures of actual receipts & actual payments of the Institute during
the financial year 2018-19, It is virtually a copy of Cash Book/Institute's accounts. The total receipt as shown in
Receipt & Fayment Account comes to Rs 16,93,05,956/-, which include Rs.12,52,00,000/- received as recurring
and non-recurring grants from DBT, grant of Rs. 3,54,10,554/- for externally funded projects and Rs. £6,95,402/-
from other receipts. Total amount of Rs.13,08,78,193/- has been released as payments during the year.

2. The Income and Expenditure Account

The Income and Expenditure account is prepared on accrual basis. The total income is Rs.8,31,11,515/- which
includes Recurring Grant from DEBT, Interest earned and Other Resources.

Total expenditure (before depreciation) comes to Rs.7,24,43,787/-, which also includes Rs.52,03,748/- of interest
eamed on Grants, which is refundable to Govt., and depreciation of Rs.5,41,54,209/- has been charged in the
current FY 2018-19. Further the amount of Rs.4,34,86, 481/ being the excess of expenses over income has baen
transferred to Corpus,/Capital Fund (Schedule-1).

3. Fixed Assets

Fixed assets are created from grant from DBT and valued at cost of acquisition inclusive of inward freight, duties
and taxes and incidental and direct expenses related to acquisition, however, the value of Fixed Assets created
out of the completed/closed external funded projects have been taken at the nominal value of Rupee ane for

each article,

Duﬁng the FY 2018-19, a sum of Rs. 16,14,009/- has been earned as interest on deposits with M/s RITES Itd.,
which has been adjusted against Main campus building capitalized during the year (Schedule 8) as per
recommendations of the Finance Committee.

4, Depreciation

Depreciation for the year 2018-19 has been charged as per the rate prescribed in the Income Tax Act-1961 on
written down value method, however, no depreciation has been charged on the Fixed Assets created out of the
completed [ closed external funded projects as their value has been taken at the nominal amount. Depreciation

on Library Books has been charged @ 60%.

?_:i‘f{\l
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5. Current Assets, Loans and Advances

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

. Land

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

7. Externally Aided Project

As an 31" March 2019, there is a balance of Rs. 3,93,32 722/- in the externally funded praject accounts, The
balance will be spent in accordance with the terms and conditions of the projects. An interest of Rs. 10,25,229/-
has been credited to the externally funded projects as shown in Schedule 3,

8. Exemption ufs 35(i){ii) of The Income Tax Act, 1961

The institute has been granted exemnption ufs 35(i){i) of the Income Tax Act,1961 in the Category of ‘Scientific
Fiesearch Association’ vide notification no 07/2017 dated 31% January 2017.

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

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

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

For Center of Innovative & Applied Bioprocessing ForSSPJE&CO,
Chartered Aceg

Manager Finance Chief F_xgii Officer (CA SURES
Dated: 28/06/2019 " 3 fawa TS WHOr T. R, Shams Partner
Place: Mohali I A STC A Cnief Exseutive Officer Membership No. 099279
e T SR S - TR e
Suneet Verma | RG] Cersaral Infavalive and Agplied Boprocessing

A ittt e, S T
Depariment of Buclechrolcgy. Gal. of India
BT - 81 (S ) Secior-01 Mrcwiedge Ciy)
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[ N 1 1, R . -
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Events

> March 26, 2018: Cafeteria was inaugurated by Dr. T. R. Sharma (CEO, CIAB) at NABI-CIAB campus.

> May 1,2018: 6" foundation day of CIAB was celebrated.

> May 1-15, 2018: Swachhta Pakhwara; various activities were performed ensuring cleanliness at CIAB
building and premises.

> May21,2018: CIAB observed Anti-terrorism Day.

> June 15, 2018: A series of lectures on "The need for storage and processing to reduce postharvest
losses" were delivered by distinguished scientists from UK.

> June21,2018: CIAB celebrated 4" International Yoga Day.

> August 15,2018: CIAB celebrated 72 Independence Day.

> August 20, 2018: An Industry-Academia Meet was jointly organized by CIAB, NABI and PSCST at CIAB;
more than 20 industrialists/entrepreneurs attended this meeting and interacted with scientists of CIAB,
NABI, and PSCST.

> September 1-15, 2018: Hindi Pakhwara was celebrated; multiple activities were performed during this
event.

> September 5, 2018: Celbration of Teachers' Day; CIAB has been recognized by Regional Centre of

Biotechnology (RCB), Faridabad as their Academic Regional Centre for providing PhD degrees in

Biotechnology. This program is formally inaugurated by Prof. Akhilesh K Tyagi, Former Director NIPGR

and Former President, NASI.

September 14, 2018: National meeting of Science Oriented Social Organizations was held.

September 17,2018: Open day was celebrated at CIAB.

September 17,2018: CIAB organized debate and model/poster competition for students.

September 15-October 2, 2018: 'Swachhta Hi Sewa' campaign was held at CIAB.

October 5-8, 2018: CIAB participated and exhibited products at India International Science Festival

(IISF-2018) held in Indira Gandhi Pratishthan, Lucknow.

November 29-30, 2018: CIAB jointly with NABI organized Young Scientists' Symposium Chintan-2018

January 26,2019: 70" Republic Day was celebrated at NABI-CIAB campus.

> February 28, 2019: CIAB celebrated National Science Day, more than 450 students participated in this
program.

> March18,2019: International delegates from SAARC countries visited CIAB and NABI.

YV V.V V V

v Vv
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Awards

> Dr. Saswata Goswami has been granted the Fellow of the Institute of Engineers, India.

> Dr. Saswata Goswami has been honoured by the title of Chartered Engineer by the Institute of Engineers,
India.

> Dr. Meena Krishania Choudhary received an award for best poster in Woman Scientist and Entrepreneur
Conclave at India International Science Festival (IISF)-2018, Lucknow held on 7-8th Oct. 2018.

> Ms. Manisha Sharma (SRF) has been conferred Best Oral Presentation award in a National conference on
Microbial Biotechnology, organised by Panjab University during 6-8th March, 2019.

> Mr. Satya Narayan Patel (SRF) has been conferred Best Oral Presentation award in a National conference
on Microbial Biotechnology, organised by Panjab University during 6-8 March, 2019.

> Ms. Girija Kaushal (SRF) has been conferred Best poster presentation award during Chintan symposium
organised by NABI, Mohali, during 29-30 Nov. 2018.

Invited Talks

> Dr. Sudesh Kumar Yadav, delivered a talk on 'Valorization of agro-residue biomass: opportunities and
current trend in turning waste to wealth' during 5th Meeting of DST, Gol sponsored 'Swachhata Action Plan'
(SAP) entitled 'Management of Biomass (Agri waste and Municipal waste) into Bioresources', in Panjab
University, Chandigarh on Tuesday April 23, 2019.

> Dr. Sudesh Kumar Yadav, Chaired and delivered a talk on “Innovative processing of fruits and beverages
for improvement in their nutritional quality and shelf-life” in New Horizon in Food Processing Technology
and Nutrition during SLIETCON-2019 ot NITTTR, Chandigarh on March 1-2,2019.

> Dr. Sudesh Kumar Yadav, delivered a talk on 'Importance of biosynthetic and processing technology for
value added products development from agro-residues. Exploring metabolic engineering for value added

m”m

products”at National Centre for Food Manufacturing - University of Lincoln, Holbeach, Lincolnshire,
United Kingdom. On October 4, 2018.

> Dr. Sudesh Kumar Yadav, delivered a talk on 'Role of biotechnology in bio-processing for food and
nutritional security” at Central University of Haryana on World Food Day October 16, 2018.

> Dr. Saswata Goswami delivered a talk on 'Process plant design for lovastatin production through
fermentation' in a Short Term Course/ Faculty Development Programme (Teqip-lii Sponsored) NIT
Jalandhar, on “Advances in Enzyme and Bioprocess Engineering”, February 08, 2019.

> Dr. Saswata Goswami delivered a lecture at Chandigarh University: Topic-'An approach to the successful
scale up for the microbial fermentation process fromlab to commercial scale', on September 21,2018.

> Dr. S. Saravanamurugan delivered a talk on 'Metal-containing alumina catalysed glucose isomerisation in
methanol' in the International Conference on Bio-Innovation for Environmental and Health Sustainable
Developments (BEHSD-2018) at Indian Institute of Toxicology Research, Lucknow, India during 26-28
November, 2018.

> Sasikumar Elumalai delivered a talk on 'Management of rice straw through innovative approaches' during
the Indian Science Congress held at LPU Jalandhar from January 3-7,2019.
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> 8. Asar i 3 28 BRAQ-UTH 2, 2019 HUHATSIHR- T $XeIe 3t HfAdwa SaIarst (ICT), gexTaTe, T-
¥ STYR TR YT 37K FEUTg RMURIER A1 0T o faeh T IR Ues et fea|

> ST, SRt Ml 3 AFRfSHd TEae ISNSCON TR 6 df fay i 2018 7, fasm Wad, =2 feeett, Sast 7-9, 2019 &t
-SRI g e e Rid o &1 faxn & Aieriieaaioed IR Th R EfPHI0 & 0§ A iy,

R R fear|

> ST SR Hifteh = 7 fadieR 2018 1 Soict HebTa URIf01, IPTT ST STHLTH TR (NDRI-ICAR), BT, BRATON " A1
TN d U8 IRild{Hehd dob-iic UR g 3R g Jda! o1 T[UIaT 3R YR&T & 3Mher & fod *, " Th-ariag
FHTAED AR 3R T & T I7ab T SuriTI 3 Iy IR Ueh s |

> S S Wit A256 df oARE Fiwa TRt A—Ha HiféT, dked, THT, qUaT & SR SARG 19-23, 2018
TS B SRR, B R S & A s & faem W s aaf at |

> 8. oigar Wil 3 o i Srium &g B aass, 5 SdTs, 2018 'SR 968 - I & f[adhr 3R dreladl ¢
TEATA TR H AU RIS R IR Ueh SR e

> 1 gdR Tt Rig 16 Sfagar, 2018 oieht-vaud Ui Sia Mreifies!, Ueie W, UoTe fayfaareaa 9dhe, A gra®
S TR T S A ST & IeTe b o Sia-Siauieifies! ef¥diu SR Hrfcid uid-3a1a & Idled & g
F- 3NN SraRy fava R U gaf o1

> 31 gdR @ Rig; SiRiS Iwied ¥ 9ad A & N Sa-URifer srgay™ SR TaraR, HTHsssiR- 1R
AT R WENe], §aRTETS, 23 TdaR, 2018 THI-S 8w ST & SRR & fog sriieeaifob e
T BT SATATTe P TRAYUT 3 7T ARy TR Ueh = & |

> S gER O Rig A 9 SiRTgia wiie Wforrarel B -2018 H, @S, 05 fadieR, 2018 "rfc® Al P SIaueul
& Ry T e sriTeRne, -sifciv, e o & Hiefe t-die Si-paciel o Tl |

> 3 gk o, Rig 7 TREyR fayfaenad) 23 wRaxt, 2019 HI 919 Ut faum & "6, Wy ok 3T & Sa-

TR gaay” favd R Ue P g H el =i+ & SRS URac & oy Td 1 CSIgHl R Us Iai &1 |
> ST T Hor et 13-14 RydaR, 2018 BT 1M, ST H Teften, “fvae snenfka sienfiies ufssarsit (AMF-2018) &

AR 3R T W AT A Haraifeay, Marfes iR Ramifesy o #gT iR wrafdas 9g & forw 3u%

A RIS S DI |
> 31 faFie $UR 7 15-18 39, 2018 & R fexifom, 91 & smaiforg fasar maryafarofia frar & forg 3o I

TRTRTERR TR SRIPT GET TRICTsaer URgRUN SIRTHd! -4' GRT SR Yegalsl & SedTa o forg oty 3R offdiep
Uch T fadmRId - & o ' H=1a fRreed! guaa ol ufohar R Edaid &1
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> Dr. Jayeeta Bhaumik (authors: Bhaumik, J. Chandna S., Thakur N. S., Reddy Y. N. Kaur, R.) delivered a
lecture on Development of gold and silver based metallic and bimetallic antimicrobial nanoprobes from

agri-biomass based lignin — an approach towards 'waste to best', International Conference on Advances in
Chemical Biology and Biologics' (ICACB 2019), CSIR-Indian Institute of Chemical Technology (IICT),
Hyderabad, February 28-March 2,2019.

> Dr. Jayeeta Bhaumik (authors: Bhaumik, J. Thakur N. S., Kaur, R., Chandna S., Reddy Y. N. and Paul, S.)
delivered a lecture on Nanobiotechnological Pathway towards developing agri-biomass derived lignin
nanocomposites as a sustainable approach, “6th World Congress on Nanomedical Sciences ISNSCON
2018"”, Vigyan Bhawan, New Delhi, January 7-9,2019.

> Dr. Jayeeta Bhaumik delivered a lecture on 'Development of functional nanomaterials from agri-biomass
and their potential applications in versatile sectors', at “Nano-Technological and Biochemical Techniques
for Assessing the Quality and Safety of Milk and Milk Products”, at Centre of Advanced Faculty Training,
National Dairy Research Institute (NDRI-ICAR), Karnal, Haryana, on December 7, 2018.

> Dr. Jayeeta Bhaumik (authors: Bhaumik, J, Chandna S., Kaur R. and Reddy Y. N.) delivered a talk on
'Development of nanolignin complexes from lignocellulosic biomass for applications in
nanobiotechnology', at 256" American Chemical Society National Meeting, Boston, MA, USA, during
August 19-23,2018.

> Dr. Jayeeta Bhaumik, delivered a lecture on 'Development of Biomass Derived Nanomaterials and
Nanophotosensitizers in Contribution Towards Sustainable Future'. At Centre for Bio-Medical Research
(CBMR), SGPGI, Lucknow, July 5,2018.

>  Dr. Sudhir P Singh delivered a talk on 'Biotechnological approaches for bioprocessing of plant biomass and
agro-industrial residues for production of functional biomolecules' in the UGC-SAP sponsored seminar on
Recent Trends in Biotechnology, Dept. of Biotechnology, Panjab University, Chandigarh, 16 October, 2018.

> Dr. Sudhir P. Singh; delivered a talk on 'Biotechnological approaches for bioprocessing of agro-industrial
biomass or residues for synthesis of functional biomolecules' in the International Conference on
Biotechnological Research and Innovation for Sustainable Development, CSIR-Indian Institute of Chemical
Technology, Hyderabad, 23 November, 2018.

> Dr. Sudhir P. Singh delivered a talk on 'A novel biocatalyst for biosynthesis of functional sugar, D-allulose,

form in-situ D-fructose present in fruit juices' in the 4th International Plant Physiology Congress-2018,
Lucknow, 05 December, 2018.

> Dr. Sudhir P Singh delivered a talk on 'Novel enzymes for catalytic transformation of caloric sugar into
functional biomolecules' a national Seminar on "Biotechnological Intervention in Agriculture, Health and
Industry" in Department of Biotechnology at D.D.U. Gorakhpur University. 23 February, 2019.

> Dr. Meena Krishania Choudhary (authors: M. Krishania, G. Singla and D. Kaur) delivered a talk on
'Prebiotics, Probiotics and Synbiotics from whey and its derivative for functional beverage: Review,
“Opportunities and Challenges in Fermentation Based Industrial Processes (IAMF-2018)" held on
September 13-14,2018 atllIM, Jammu.

> Dr. Vinod Kumar delivered a talk on 'Efficient membrane separation process for developing fast and
economic process for bacterial cellulose production by an acetobacter pasteurians RSV-4” in the
International Symposium on Advanced Membrane Bioreactors for Environment Sustainability (IBA-
AMBRES) held in Tianjin, China during April 15-18,2018.
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> 31371 $AR ([@aed: 6t HHR U9 T, F. T1ed) - RIawR 13-14, 2018 B SR I.TH. 3T, 3R, - TS, 31TS.3718.TH. S,
¥ It TE U e THTEH (MU THTG. 2018) B 93% “forva s ofenfies ufdarsht # srawr ok
I § - fEraiifthe e & forg Sad iy TREReUT § ATER Tl aye & (oY SIS IREHRUI gRT HIADTd
I I d Srcierd &l uadT § GUR” W a1 |

> 3131 FURATIRR 22-25 2018 F GRM HTHHTE SR -URATT A TN IR, gexmare, H Saiford aad
faeT & foTg Sfa Uiefiet Srgeem $fR TaTaR IR Hgad SaRTP R SriaH, TRm- ST Qard 3-19%H 9ie 3R
IRiCH ROd Qg & 150 H-a3M H, "HISST SUBa™ BT ST TP DIHDIE gl Igalisd greglagec J
SSfereidl o1 fhfUash It IR STaiid & |
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> Dr. Vinod Kumar (authors: V Kumar and S. K. Yadav) delivered a talk on “Innovation  in  upstream

processing for detoxification and downstream processing for recovery improves quality of xylitol
produced from corncob” in the National Conference cum Industry Academia meet on” Opportunities and
Challenges in Fermentation Based Industrial Processes” (IAMF2018) at CSIR-IIIM, Jammu, during
September13-14,2018.

» Dr. Vinod Kumar delivered a talk on “Fermentative production of xylitol from corncob hemi cellulosic
hydrolysate using Candida tropicalis” in the joint International Conference on Biotechnological Research
and Innovation for Sustainable Development (BioSD-2018), Asia-Oceania Algae Innovation Summit
(AOAIS 2018), and in the XV Convention of the Biotech Research Society, India held at CSIR-Indian Institute
of Chemical Technology, Hyderabad, during November 22-25,2018.
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206

AT / HrimeT / Tt / uikieron
I T & 3R TH & ITed 2019 | gy it S S & TRAW0 3 AT Ta- RIS SSHTRY & ofa-Tas gRiore
GRS, HTgehifoad oid UIlifie! SR UeTTe WIe-3d Id 6-8 A1E 2019, USTd fayfaaney, @Shg # g
T
DR ol TY 3R T & ATed| 2018, YT & Y3d J A-1-RferepT 3R fafdm & forg wfehan axgett: i 28-29 TdeR
2018, NABI-CIAB HIgTa |
3THR &, A1 TH, FUR dt, R T, aRF T FAR fY, 3R T & A1ed 20181 Th A0S DD &
TR & fore Imugst &1 Wiy, i 28-29 FdsR 2018, NABI-CIAB HigTell|
RIfEd T, AT, 31N &, Rig off, 3R U9 & I1Gd 20181 39 KT IR A A A TRal- b3S d SAG
¥ forg TRy ateaer fUgtii MASK25 § T THIfAd Sga; feid= 28-29 TR 2018, NABI-CIAB HIgTa (REBPR
it
T 3R, T & BT 3R T WAL, Wisfeanitis tRis & faw Si9-smiia serifis thie &1 3ake
TRAT 26- 28 TR, 2018 F TR 3T FHIIE ST elaapIaiel Red, TG § JAiaR0T 3R W Jdd
faeTT & oY Bi9-aTaR WR SfTRTPI FHITH (BEHSD-2018)
b OTd, T SRTATd 3R T RATGTH, 'S g13gor &1 Jufkdfa § Sfiiiaad Uge &1 SuanT dxds Jqarel &
HRIE SETE F foTT Taet & I &1 g 26- 28 IR, 2018 I GRM ST SXege 3 elamIare R,
TGS H JATaRUT 3R WG Fad [IbT & AT SIa-TaeR TR SfaRighy S/ (BEHSD-2018)
ST IRIGHR TGHATS A 5-8 AR, 2018 b SR TGS H ST 3STT FexAHd A5y Biead & gRME
0ol gis 1 I3 & Su-39 ol W sl & o fecias Hiv-saxivl o SRvRiT R Ue UReR Uedd Tl
T gk it R 7 06-09 3R, 2018 F R CSIR- ST FXIeC T i drel Rud, TS, HRd §
TSIt R fa=eiwor o foTg IR & =0 H debeiieh-3Mffeb SR St faR Hedied ™R U SfaRighy
BRI T -UTeashd & U fem|
ot T ARTAV T (THSMRTD) A 20 F-TRast 02,2019 & SR ot 4 RiAfews arirarsn SR oid Ueifie
fAHTT (HRA IBR) gRT fa=t it & T feram
gt T 3T (THSIRUT) &1 6-8 AT, 2019 & SR UoTd JMHARTCE gRT A ASHIaTd S arsT IR Tdh
TP T B S99y MR TG R § g foan B
ot T ARTAV G (THSRUT) B 6-8 AT, 2019 &F SR UoTd JHARIS gRT ST Trgehifaaa aricaTaro
R T AP T B TG99 TS TR REPR § G foar mar g |
ot AR BIRTeT (THSRUK) Pl 28-29 TR, 2018 & SR NABI-CIAB, FIGTEN gRT ST fefa St & SR
JANY URER TR REBR F T faam |
oft Rfrrer, Tr o, didt Ty, I6ieR T T, RS T TR, "@Te GR&, Ty 3R gad HiN-3Hd g3
TR (ICFNSA) WR Tt SIaRTS Trie B 831 Hicdcy b1 SUUNT HRas fdh=al S TRIRhRUT JeNT BT 7l
YL " -2019) '14-16 TRAK 2019 P IT6T e Hiarl, SGST, Told T Ao gaim (e wgfa)
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Conference/ workshop/seminar/training

> RaiS. K. and S. K. Yadav. 2019. Bioinspired hybrid nanoflower of L-Arabinose Isomerase for the synthesis
of rare sugar D-Tagatose; National conference on microbial biotechnology and Punjab start-up fest 6-8
March 2019, Panjab University, Chandigarh.

> Kauldhar B. S. and S. K. Yadav. 2018. Process recovery for nano-silica and lignin from paddy straw;
Chintan 28-29 November 2018, NABI-CIAB Mohali.

> Thakur K., Chownk M., Kumar V., Purohit A., Vashisht A., Kumar V., and S. K. Yadav. 2018. Exploring
microbes for bioprocessing a metagenomic approach; Chintan 28-29 November 2018, NABI-CIAB
Mohali.

> Purohit A., Manisha, Thakur K., Singh G., and S. K. Yadav. 2018. A potential xylanase from acinetobacter
pittii MASK25 for Xylo-oligosaccharides production from rice straw and corn cob; Chintan 28-29
November 2018, NABI-CIAB Mohali (Won the Prize).

> H. Ali, S. K. Kansal and S. Saravanamurugan, 'Catalytic transformation of bio-based itaconic acid to
citramalic acid' in the International Conference on Bio-Innovation for Environmental and Health
Sustainable Developments (BEHSD-2018) at Indian Institute of Toxicology Research, Lucknow during 26-
28 November, 2018.

> P Pal, N. Aggarwal and S. Saravanamurugan, 'Disintegration of rice straw for the efficient isolation of
cellulose using organosolv pretreatment in the presence of organic acid' in the international conference on
Bio-Innovation for Environmental and Health Sustainable Developments (BEHSD-2018) at Indian Institute
of Toxicology Research, Lucknow, India during 26-28 November, 2018.

> Dr. Sasikumar Elumalai presented a poster on 'Bioprocessing of secondary agri-residues to drop-in energy
fuel molecules towards value addition' during India International Science Festival held at Lucknow during
October 5-8,2018.

> Dr. Sudhir P. Singh attended an international workshop-cum-course on Techno-economic and life science
assessment as tools for sustainability analysis', organized at CSIR- Indian Institute of Toxicology Research,
Lucknow, India, during 06-09 Aug., 2018.

> Mr. Satya Narayan Patel (SRF) attended B4 Synthetic Biology Workshop funded by Department of
Biotechnology (Government of India), during Jan 20-February 02, 2019.

> Ms. Manisha Sharma (SRF) has been conferred Best Oral Presentation award in a National conference on
Microbial Biotechnology, organised by Panjab University during 6-8 March, 2019.

> Mr. Satya Narayan Patel (SRF) has been conferred Best Oral Presentation award in a National conference
on Microbial Biotechnology, organised by Panjab University during 6-8 March, 2019.

> Ms. Girija Kaushal (SRF) has been conferred Best poster presentation award during Chintan symposium
organised by NABI-CIAB, Mohali during 28-29 November 2018.

> G. Singla, M. Krishania, P P Sandhu, Rajender S. Sangwan, Parmiit S. Panesar, “Value addition of kinnow
juice processing industry by-products using green solvents” in 2nd International Conference on 'Food
Security, Nutrition and Sustainable Agriculture-Emerging Technologies (ICFNSA-2019)' held on 14-16
February 2019 at Baba Farid College, Bathinda, Punjab. (oral presentation).
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> Y3 AR, 3R TAUY, deT T, HIflE of | d18e Taeidead wieiiafes Ay R, wieifthforee wradfsr

208

3R UTAIRITIGIET ANHYARM &I Bicldbefied TarH, e T8 arl-3ffie B! (sRafidRi-2019),
ST AR HIETel H TSI | 24,2019 (AIER)

e T, B19R T T, HIfie o | Iril-Ufaed Tolel & foe Raarge & &0 § Th-armm snenfd e A fed &
TRAYUT 1 3R, BTA G ST TS TTT- 3+ b TERET (RAOBC-2019), IISER HIGTGH, 22-24 AT, 2019 (UReR)

BR R, T T, STHR 0T, I a0, e o | T-aTamg S Rifie-fed siferss A-ied & w0 §
TuIfad gat-tiede-wH-Te s Hifaad Toie, 3 iR sratsiifAe SR o giferar s (RAOBC-2019),
IISER FIGTEH | , ATE 22-24, 20191 (GRR)

UTd T, 3R U O, i o | TR-arimm snenia fofi S-iea & Iawor & e srifaed usiel & fag
RIARY & U T, ATSHIEH 2019, TR -UoTd gHaRid, 6-8 AT, 20191 (GRER)

BR 3R, T TF, STHR U0, IS arSE, Hifdres o | T-ariHrg Sneme fRoifie-Aea sifargs AHied & &0 8
FUTfad gdl-Tieace-HH-THSHIfaad Toie, ATSHIa 2019, SRR -Uold HaRic], ATd 6-8, 20191 (TRER)

e T, BR R, BTHR T, g arsu iR e o | fofdm Jarmgorm gr1 fenfm-erfers / armefes
FDHITRIRT & IR FRATOT 3R A1-IMMURIER Tofel & =0 § I 3HTda, MICROCON 2019, BioNest-Panjab
University, ATd 6-8, 2019 | (A& Tgfa)

IS} AT, FTGHR TIT, e T 3R il F| gehl Fels & A I HiY SH & Jedidh- & o URRId
YR YHTR FRATDH AUTHE & I o 3R IART A ©, "6 3 3y S 37 T fEHa A2 ISNSCON
2018", fa™ Wa, 75 faeah, 7-7 SFakt| 9, 2019 (UReR)

DR AR, BTHR T T, YS! I18 T 3R Hiffres o | T-arary e fafd-Hed sifaarss Aied & w0 8
U gdl-Meace-wH-TeaTSHhifagd Teie, STTge Sfear 34, 5-7 RdeR, 2018 [@ReR)

T T, DR AR, STHR T T 3R Hiftres | frfi aferrgorem Aiacfefifeifeus ueiel & fawr & fog
qoiaRuii U ¥ G ff-Aefers / srgnefee Aamragey, sges fgar A4, 5-7 fAusR, 2018 (UReR)

e T, R R, JTHR T T, I} 18 T 3R Hfiews o | fifd aferitesvor gri fafd-aefeas / araefas
NI & R GIAWT SR AN-IMRIE Toiet & U B 39 3M1de | f{Ria 2018, gar I7qeb! b1 I
NABI-CIAB, HIgTelt gRT 3T, 29-30 TdaR, 20181 (HIRaah)

DR AR, Tl T, BTEHR T T, Y1 15 T 3R Hifhies o | I good (Fafd smenfa) urg sffass Aied &
U H YHIfId gdt-ei 3R ATMURIER Uoie | i 2018, a1 AT BT TS NABI-CIAB, HIETel GIRT ST,
29-30 AR, 2018 (URCR)

Y} a1 T, 3R TH T, T T SR Wi o | HiY-ariaRy aeiienRor & o et wers aralt Tumeff & w0 &
RIS Smenfd U IRavs A6 0N & e Wt Rdd Tl &1 fEg 3R Jeuid | f&ia= 2018, gar a7
1 TYT NABI-CIAB, TIGTE GRT ST, 29-30 FdsR, 20181 (ARCX)

It O, DR 3R, T T, YS! asu 3R uid T | feriRiegaiiie S &1 Smfedhd ok sieifie
3y & forg AN Sifed faera & Areq ¥ SISt § Ursushd I 3R HidS &) THTET (@™ie™
2018) fasfaenaa fayfaera mefie TR @smEscisd)) grT s oo man ), dore gfafid, 9dhg, 1-2
qdeR, 2018 (UReR)
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> Reddy, Y. N., Thakur, N. S., Chandna, S., Bhaumik, J. Light activatable photosynthetic nanopigments:
synthesis, photophysical properties and photocatalytic action of the polypyrrolic nanoformulations, Recent
Advances in Organic & Bio-organic Chemistry (RAOBC-2019), IISER Mohali, March 22-24, 2019 (Poster).

> Paul, S., Thakur, N. S., Bhaumik. J. Towards the synthesis of agri-biomass based lignin nanoclusters as

stabilizers for bioactive agents, Recent Advances in Organic & Bio-organic Chemistry (RAOBC-2019),
[ISER Mohali, March 22-24,2019 (Poster).

> Kaur, R., Chandna, S., Thakur, N. S., Reddy, Y. N., Bhaumik, J. Agro-biomass based lignin-metal oxide
nanoclusters as potential UV-protectant-cum-antimicrobial agents, Recent Advances in Organic & Bio-
organic Chemistry (RAOBC-2019), lISER Mohali, March 22-24,2019 (Poster).

> Paul, S., Thakur N. S., Bhaumik, J. Towards the synthesis of agri-biomass based lignin nanoclusters as
stabilizers for bioactive agents, MICROCON 2019, BioNest-Panjab University, March 6-8, 2019. (Poster)

> Kaur, R., Chandna, S., Thakur, N. S., Reddy, Y. N., Bhaumik, J. Agro-biomass based lignin-metal oxide
nanoclusters as potential UV-protectant-cum-antimicrobial agents, MICROCON 2019, BioNest-Panjab
University, March 6-8, 2019 (Poster).

> Chandna S., Kaur R, Thakur N. S., Reddy Y. N. and Bhaumik J. Lignin valorization by sustainable synthesis
of lignin-metallic/bimetallic nanocomplexes and their application as nano-antimicrobial agents,
MICROCON 2019, BioNest-Panjab University, March 6-8, 2019 (Oral presentation).

> Reddy Y. N., Thakur N. S., Chandna S. and Bhaumik, J. Towards the development of pyrrole based
photosynthetic nanopigments for the valorization of agricultural biomass via light harvesting, “6th World
Congress on Nanomedical Sciences ISNSCON 2018”, Vigyan Bhawan, New Delhi, January 7-9, 2019
(Poster).

> Kaur R, Thakur N. S., Reddy Y. N. and Bhaumik J. Agro-biomass based lignin-metal oxide nanoclusters as
potential UV-protectant-cum-antimicrobial agents, Bengaluru India Nano, December 5-7, 2018 (Poster)

> Chandna S., Kaur R, Thakur N. S. and Bhaumik J. Lignin valorization for the development of novel nano-
antimicrobial agents in the form of environmentally benign lignin-metallic/bimetallic nanocomposites,
Bengaluru India Nano, December 5-7, 2018 (Poster).

> Chandna S., Kaur R, Thakur N. S., Reddy Y. N. and Bhaumik J. Lignin valorization by sustainable synthesis
of lignin-metallic/bimetallic nanocomplexes and their application as nano-antimicrobial agents. Chintan
2018, Young Scientists' Symposium organized by NABI-CIAB, Mohali, November 29-30, 2018 (Oral).

> Kaur R, Chandna S., Thakur N. S., Reddy Y. N. and Bhaumik J. Biomass derived (lignin based) metal oxide
nanoclusters as potential UV-protectant and antimicrobial agents. Chintan 2018, Young Scientists'
Symposium organized by NABI-CIAB, Mohali, November 29-30, 2018 (Poster).

> Reddy Y. N., Thakur N. S., Chandna S. and Bhaumik J. Design and evaluation of photophysical properties
for pyrrole based photosynthetic nanopigments as light harvesting entities for agri-biomass valorization.
Chintan 2018, Young Scientists' Symposium organized by NABI-CIAB, Mohali, November 29-30, 2018
(Poster).

> Bhaumik, J. Kaur, R., Chandna S., Reddy Y. N. and Paul, S. Valorization of lignocellulosic biomass via
nanolignin complex development for biomedical and industrial applications, Currents Trends and Future

Prospects in Biotechnology' (BiocAMP 2018] organized by University Institute of Engineering Technology
(UIET), Panjab University, Chandigarh, November 1-2, 2018 (Poster).
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PLRIE]

> ST HoIfan SR SF farie FHUR: 5-8 SHFgaR 2018 & GRM SSUT SCARMA WY BRETd (1ISF-2018) IISF, TS
CIAB STGI &1 UE R

> SIHATHO™TT 1-4 fE¥aR 2018 F R 13 d ClI- Wies Sf$ar, IEhTe H CIAB IdTG! BT UGRH fhaT |
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Exhibition
> Dr. Meena Krishania and Dr. Vinod Kumar: exhibited CIAB products at India International Science Festival
(ISF-2018) IISF, Lucknow during 5-8 October 2018.

» Dr. Meena Krishania exhibited CIAB products at 13" Cll- Agrotech India, Chandigarh during 1-4
December 2018.
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20 3FTH 2018 FI HrMEudt A ST eI -Qeifdres doo F IR
Industry-Academia Meet at CIAB on August 20, 2018

F e

-

FRT20 3T 2018 I WSS, AGTeh W Ugad =0 A TP AN - Reifdres Yo BT ST fobaT 71| 39 Fo0b B 20 I A SewTufer / It ¥ um e
Fur s TR fiiueiel & dmfew! & Ty Fraeid Bl

An Industry-Academia Meet has been jointly organized by Center of Innovative and Applied Bioprocessing (CIAB), National
Agri-Food Biotechnology Institute (NABI), and Punjab State Council for Science & Technology (PSCST) on 20-08-2018 at
CIAB, Mohali. More than 20 industrialist/ entrepreneurs attended this meeting and interacted with scientists of CIAB, NABI,
and PSCST.

5 Rratar 2018 #) Wensudl & Rt fiuast sriwarad & Icure & gk
Inauguration of RCB PhD Program at CIAB on September 5, 2018

ST FeR R TIaTarol (SRS P gRTSTETS B oia Wit § titaet fet e o & e Qeifdre &g g & SUH Aaar S TS | SH BB H b

SaTive Igare 5 RideR 2018 B TFSTE USSR 3 gd Fa=1e Td el SemgTaTe & gd Iyufa . Siiaeir . arft & gri far |

Center of Innovative and Applied Bioprocessing (CIAB) has been recognized by Regional Centre of Biotechnology (RCB),
Fridabad as their Academic Regional Centre for providing PhD degrees in Biotechnology. This program is formally
inaugurated by Prof. Akhilesh K Tyagi, Former Director NIPGR and Former President, NASI Allahabad on September 5,
2018.
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26 U 2018 F WMSTR-Te Froy F FheRar &1 Igure
Inauguration of the Cafeteria at CIAB-NABI Campus on March 26, 2018

g\:;éqﬁﬁ-:n’qﬁ IO T HH T BT IGHTC 26 AT, 2018 T Wr3MSTH & At BRIDGRT fUHRY BT, & 3R YA gRT Yb1g, HHATRET 3R BT BT Ui
i

Inauguration of the Cafeteria at NABI-CIAB Campus on March 26, 2018 by Dr. T. R. Sharma, Cheif Executive Officer, CIAB
in the presence of faculty, staff and students of CIAB and NABI.

1 57E 2018 Ht WS F1 691 R a0 TR T TATI
Celebration of 6th Foundation Day of CIAB on May 1, 2018

Guest our ‘
r,
- Dr. H.C.
e ice Chancelor, Dr. Y S Parmar University of Horticultare an
L& Chief Guest
\
M o @ 3 N

Tuesday, st May, 2018 at 11:00 A.M.

1775 2018 1 FISETE 7 3UAT 697 RITIAT Foaw TARYE AT | SH HRIHH F TRe 31706 3R ST 31f3a 3. Buret (e, Wewsngam-Hiiy, es,) auT g
Hfafr el wa <t eml @y araer, ST avidd Rig AR IRTar SR aifet fayfaemay, R uemn 4 |

CIAB celebrated its 6" Foundation day on May 1, 2018. The 'Guest of honour' of the event was Dr. Anil K. Tripathi (Director,
CSIR-CIMAP, Lucknow) and Chief guest was Dr. H. C. Sharma (Vice Chanceller, Dr. Yashwant Singh Parmar University of
Horticulture and Forestry, H.P)
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1-15 A% 2018 | WU & Ta=5dT URAATST BT SFHAUT
Observance of Swachhta Pakhwara at CIAB from May 1-15, 2018

HOMETS 19 15 T 2018 T "1 TEATST" TR | TRER B Tas ol G-fd o3 3 forg Sansudt & e, srfanfea ik st A uftra a3y feran |

CIAB observed "Swachhta Pakhwara" from 1stto 15" May, 2018 . The faculty, staff and students of CIAB actively participated
in a series of event to ensure cleanliness in the campus.

21 9% 2018 FI JTdHarg faRieh fgaw &1 srgaror
Observance of Anti-terrorism Day on May 21, 2018

Hemudi Argreh = 21 98, 2018 Y fcidparg fARYe feaq 7| gt S, Seaial 3R Tebr = 59 3imaier & Tes 1y | ferar qur oy eff |

CIAB Mohali observed Anti-terrorism Day on May 217, 2018. All students, staff and faculty participated in the event and
taken oath together.
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foes & i1 RyfIemerm & 1. Ard W/ §RT 15 7 2018 $ AAWAS ARSI
Public Lecture by Dr. Mark Swainson, University of Lincoln, UK on June 15, 2018

15 S, 2018 Y fe & foi faufaemera & Sf A16 W gRT "HUd HeTs & 916 & JHUH B HH B P 1078 HSRUN 3R TRIGRU] BT HTaRFhdl" TR T
R AT fasan |

Alecture was held on "The Need for Storage and Processing to Reduce Post harvest Losses" which was delivered by Dr. Mark
Swainson, University of Lincoln, UK on June 15,2018.

21 97 2018 FY WSTat & drar sieRfgia o feaw ¥R
Celebration of 4" International Yoga Day at CIAB on June 21, 2018

TMETR T 21 7 2018 PV AT SFRIFTA AT Ferare T | 5 ST B e usht iR 1eh 3 BT, efanya iR et 3 wfgra w0 @ vt foram)

CIAB celebrated 4" International Yoga Day on June 217 2018. Students, staff and faculty of CIAB and NABI actively
participated in the event.
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15 3ATET 2018 HY WMSTS # 72 af Wa=a1 g BT A=
Celebration of 72™ Independence Day at CIAB on August 15, 2018

TAETR A 15 SR 2018 P b1, FHAMRA 3R BT P Afshar Uit & W 72 i wacireT feraw o=
CIAB celebrated 72™ Independence Day on August 15" 2018 with active participation from faculty, staff and students.

13 14 RydeR 2018 9% Wemdes) # &< vmare TaRE
Celebration of Hindi Pakhwara at CIAB from September 1-14, 2018

R TaarsT T 3o 1 9 14 RideR 2018 a a1 | 39 SR fafia el o et v siR o=t = yiT ferar|

Hindi Pakhwara was celebrated from September 1 - 14, 2018. All faculty, staff and students participated in various events.
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14 RdeR 2018 &t Werdedt & fage SH@ Wi W6 31 AP doF
National Meeting of Science Oriented Social Organizations at CIAB
on September 14, 2018

14 RycleR 2018 P! fawH S AN W6+ &1 T faawa A 93 1 Srier Aesyst # fobar ma |

One day national meeting of science oriented Social Organizationswas held on September 14" 2018

15 RydeR | 2 3ragar 2018 9% Wmudt A Ta=zar & Jar =
'Swachhta Hi Sewa' Campaign at CIAB from September 15-October 2, 2018

HeMSTa uRTR 1 AT TG & oy ST, Hranfa oiR Tor gR1 Sequl e & Weam ¥ 15 RideR 2 Siagar 2018 T RS el gt Jar sy
B ST faT T |

'Swachhta Hi Sewa' campaign was held at CIAB from September 15-October 2, 2018 via enthusiastic performance by
students, staff and faculty to keep the campus clean.
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Rrdax 2018 & Wamsue gr1 BE F oW are-faarg ik dfsd / ver ufaaifiar 1 @6+

Organization of Debate and Model/Poster Competition for Students
by CIAB on 17 September 2018

Rongust A RS el ot ot wuftr wriieRt & ar Rider 2018 BTl & ferg are-faarg siRk vied / dex Ufaafirar &1 sireiter fasm|

CIAB organized debate and model/poster competition for students on 17 September 2018, with active participation of
school children from tricity.

17 RydeR 2018 FY WemSeal # 3iv= T THARIE
Celebration of Open day at CIAB on September 17, 2018

17 fydeR 2018 BT 319 S T T4

Open day was celebrated on September 17" 2018.
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5-8 3(AEEN 2018 F SR WP VG SrdeHH & Hseat 1 wriert

Participation of CIAB at a National Exhibition Event during October 5-8, 2018

\s CENTER OF INNOVATIVE AND PR SR .
APPLIED BIOPROCESSING (CIAB) ﬁ?&%‘?\‘ﬁ

g;ﬁ!@msés FCER 2018 Y AT, & SHTART AEAETITD -2018 & SR TH-THRT JARTSHRA & HAIeTH | 5 STG! 3R Uigwanait &7 ve=i
Tl
CIAB Participation at ISF-2018, Lucknow during October 5"-8" 2018 through display of products and processes of agri-

biomass valorization.

29-30 AR, 2018 & SRTH WATETH! GRT a1 AWAS! Pt TG (=) b1 e
Young Scientists' Symposium (Chintan) by CIAB during November 29-30, 2018

Venue:
| Audito

et SR FHSMTSTS = GG U Y 29-30 TR 2018 P SR AT a1 bt GIST () b1 3maor o, Fores STl 3 oaRe <oy 3R TRex Tt & H1eaH

3o 2y b U )
NABI & CIAB jointly organized Chintan during November 29-30, 2018 in which students showcased their research

outcome though delivering lectures and presenting posters.
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26 a3 2019 H Hemsudt # 709 Mo a9 THRIE
Celebration of 70" Republic Day at CIAB on January 26, 2019

26 SHIaRT 2018 BT Te-HIME st URER H ST, HHal 3R el & HiiaRt & 91 7041 Tord= feaq A |

70" Republic Day was celebrated at NABI-CIAB Campus on January 26" 2018 with participation of students, staff and
faculty.

28 BRadl 2019 P AHHY fag feaw wARIE
Celebration of National Science Day on February 28, 2019

TR 28 HRA 2019 BT RGR & IG IR U1 Y UG Pcret ST b HFTGRY & Fry gt o feag v

CIAB celebrated National Science Day on February 28" 2019 with participation of more than 450 college students from
across the city.
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18 W7, 2019 P AT <=M P faRTPa ufafRRrdt 1 smra=
Visit by International Delegates from SAARC Countries on March 18, 2019

e 2N & SR AR 18 AL 2019 1 T IR Y I TR &1 S1aH-Ham $37 & fg Femsust 1R

International delegates from SAARC countries visited CIAB on March 18, 2019 to exchange entrepreneurial ideas across
the borders.
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International Yoga Day celebrations
National Agri-Food Biotechnolbgy Institute (NABI)
and Centre of Innovative and Applied Bioprocessing
(CIAB), Mohali, jointly organised an event on June
21 to mark the 4th
International Yoga Day.
The event was celebrated
in open environs in the
green lawn between the
institute buildings of
CIAB and NABI. The
— programme was initiated
by Yoga Guru Gurdev Singh. who highlighted the
Indian origin of yoga, its benefits etc. The
programme was arranged to spread awareness of
voga in all aspects, both for the uninitiated as well as
the practitioners.

P )
g e LT

Eusiiet.

THE TIMES OF INDIA, CHANDIGARH
- ?RID@IL MARCH 8, 2019

National Science Day celebrations
National Agri-Food Biotechnology Institute (NABI) and
Center of Innovative and Applied Bioprocessing (CIAB),
Mohali celebrated National Science Day by keeping the

: : institute open for school
and college students from
9.30 am to 4.30 pm on
February 28. More than
- 450 students from several
¢ schools and colleges
visited the institute. On
the occasion, NABI and
i A
: evelo <
in the form of scientific posters and products. Thrgmu:l?t
this programme, a message was spread among the
youngsters that science should be an essential part of
our routine life, '
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CHANDIGARH TIMES OF INDIA
MONDAY, SEPTEMBER17, 2018

NABI to hold
open day

Mohali: Anopen day will be
organized by the National
Agri-Food Blotechnology
Institute (NABI) and Centre
of Innovative and Applied
Biloprocessing (CIAB), Mo-
hali, here on Monday under
the outreach programme of
the Indian International Sci-
ence Festival(IISF). The wel-
come address shall be given
by Dr TR Sharma, executive,
NABL

The programme sthedu-
le Includes debate competi-
tion, display of models/pos-
ters, lab visit by school/col-
lege students and prize dis-
tribution ceremony. The
objective of this programme
is to showcase the achieve-
ments and research faciliti-
esof the institute. nw

Swachhata Pakhwara
organized at CIAB

bJevoia
I 9234151

> 1L-1 {
a Pakhwada

Swachhta Pakhwada as
observed at Center of
Innovative and Applied
Bioprocessing (CIAB)
recently. Various activities
were performed in CIAB like
pledge taking ceremony,
workshop on cleanliness and
waste management, special
drive of cleanliness,
segregation of old records,
removal of garbage/malba, and
painting competition regarding
Swachh Bharat  Abhiyan
amongst staff & students ¢te.
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