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“ AT S TTeRal o ATes § hiy-Ta Ty & Teais & oy

T i ehl EIsT THEAT”

I e ATeriTeRtor iafert o fore fafa femm @
FR R SrdieTeeRTzsvM & arar sl feEr m g |
I o 3 oo AT SI-SITTEIST 3 GoEuoT 3 forg Uk
T WAl eIk shi g - fofere UsTTen T ol farmfia
Teram et 31 fersioar 3@ ¢ 8 | Faafees sia fagm a6
A H, srediien f§-shraiores Usied e Ssars
3R SreeTzeist MAfa e e 2, i gifeae seam
¥ g9y Hi-aEEY & grEgiiciig o fory fehia
foparm T 3R fefryar S B

28 TgT & 1 A oA Aol Y T -arediea
W BTESIATESE IR 3 o fore wishar faremiira &
TER | ST SR TSt ohl TR A Te WoqTferd shishlar Hera
Toeheq sl GHTEAT I WHTOE fRaT T 1 e
gy RgHe ad (>95% IUST) T SHTET i &
fore wer gehge o w0 H %H qod & RigHe savas
AT o1 STAT i ATeil Ueh deheieh Torehidd bl TS §
SrgeRT ST HesX I aTel U Aol 31T o o
TR SITQITT | 3787 ThiE Tieh o &0 B o=l ST

T 9T 3h1 ST aeT ShTthT B8 ek 3y R feft ahedt B 1 BTerifer,
Y o HTEH Y ST o1 HiT-TTHTH hl HTA b foTT TR
UTH ST gBRTOT 1 31Ta | HTefieh 37 fgeiterh iy suwt
g Tk TG Bl S § | BTl & H, Howadq o for U aramny i
T <1 3R & T T € | 29 v o, Yex 317k g fed Ug Uweties
AR (Hr3rSua) Ta aeen! grT waties iR wreafin F
IATGT & Hoaadq & fole AR s o Tl € | TISTTEust ol hihy
ST ST, SRR, @ geeRtr 3R [ifee sha fosm
o TTHHT &1 H ST ohl TG L o HIL-TTY Tehei1eh! THTH
Ve AT § | ST IR WHE AR g S skl o s e T € (i)
Qe ITGT o ol wrerfier TiwaRtoT sTavial/3TafRel 1 Heaae, (ii)
oo SeaTat ST @AY o fore vt STafeTst e gowad, (iii) dor,
qgTRfeehed, ST ATUfeh WHWRUT Sd ITal o qod a1 ITIRT
AT 3T (iv) FH ATET-3F Hod a7 ITGT TR ATefiTeh deent &
fore amnfadfees Mt/ fidfess sta famm
T2 I% 9] gL €1 W § R feaiefeia o & g, deméus 3
T Yee g foru €, uier e feuaTu & 3R 3= wsrer dtell agehd! aeiett
afSreRTatt & g vie wehre FehTieid fohq 7T § 1 2020-21 % R,
TS T STt wenfireht o forg o srfsreter wme <t € it wrésr
7R ST o6 grer R-Tehiantor Teiidt o) ggarer Ty ¥
o T o g vt frseht oh e o e fera & | Afterw
T 3T Tk SUATH SISt 3T, farge - et st 3=
THSTE G i UERId ohedT 7, S Sta Tramafes &9 § €1-stiees
3cq1eA o forg Forfare foma 7mm %1 ek 1 wid-afsha wehR 1 geerst
1 W o ferered o forg s fomam &, S erey 11 wiakish @ aht
A B ST ¥ | Youreist areg i o fore weh T o -Rei-2fate
GH5 U9, Teeste ot Fraif-ieh fareraeh o ufcrie st wafid shear
1 T T p-TeIehI ST b FarstoraT 3t 7€ % S opehiet 3T 39 Te ok
TITel ShTChT QTR 3 W1 B-TeToh TS 3T p- Telerei e Tifafer &
e I3 I ! UG THId hidT & | Teh JITrard iy HiA-ehia SrieriTest

/ (FERMIYE) TR (FTTHTE) o STl §RT
TS 3 ITEH o (010 Uah JTeT7T IBahI0T 1 Ta¥i FeraT TR & |

TS T 3 T H AT YISt 379 (43%) <l JorT & I1ae
& T Y I 31 (78% Th) WY Yol UTH i o ToTg T q1-
=ROTT ieha Terentid ohl T8 B, S SAFAIGIeT-o 9 IR OX 3METid
| ITae % ST T WTH Yogoll oh ISR W01 3 THT gifefaa
TS ATae o T (45% LTS T ATEE) ThT ToiT H FETET Tk T3S
(60%) 1 Fferer 3US &, STt a1aet o 9 I 4okt 1 ge & Ao
1 U ¢ | ATSshIaTagTEe 3R JaT ST Hav o fore ersefram
SIZATHTES I ISIe o WY feehtas feifi-amenfia shifer faepfia
&1 718 | T -améRefores AteRie Site Tug-Xwif~ad gTegisiet st
WS- AT UEHTSShITerIeT BICISTaATReh SXUT o foiy farentaa fomam
T AT | Tk STATE, WehTel Wishd ohid 1w ol AIehTaR STemied
W ! STAEHASAT 3R BrRSRATE SRa) & ol HiféT & &9 § qur
TSR T2 o1 | STt o6 ST ¥ eIt AT 3 o ol STha Hishar
TRt I TE R |

T 3 TP Ted & Fafe st S aeh e Rew, v
el feag, Mot g, e w@aret, adehar SiireehdT 9918 31Te
1 T2 ICHTE h |1 AT | T A UL T3t shivrg 3i [ISF-2020
% oft o forem € 1 TS 3§ TR 337 A SATSGT 3 75 YT WA &
3yeed ¥ fomm A 3uA 2 ek o ded i same smaifea
fohT ¥ | ST T 3 et SfIX shietst oh ST, WTei-eh AT 3T
gt o forg e o off amanfora famam | amdud 3 @ yewenor &
e Riferat bt weei # wr forat TR UEiy fasm e gmm|

# Teee 3T afaR shearor, forst iR wenfirent, 3R geat fomm
& T A ST gHat ST ol I HRequl 3T HoudTe $AYE ST
it ol Uied e ST GeaT o fafom srqgem srisat § gam
A o fore, Frar wmed o for araelt spasie ook et aTedT § | 31
AT, 2021 % HEIA § T 1 SRT {ohaT 3R SUATSRIT Sl TXIEAT hl
3R it 3R e st o fema

27, oy ey, ufvra, Sta wenfieht faam (srd weRR) iR stee,
STelY 37 STl o weft gt oht 3o fafersr srgeema nfafaften s wet
T3 3T 31TeR 3 3 fore 31eh s et o fofg a=rag 3R a=raTg
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FROM THE DESK OF CHIEF EXECUTIVE OFFICER

“Exploring innovative ways for valorization of agro-bio-

mass through bioprocessing technologies”

and showed the potential for lignin depolym-
erization. A recyclable magnetic cross-linked
enzyme aggregates for the synthesis of high
value rare sugar d-tagatose has been devel-
oped and characterized. In synthetic biology
front, chimeric bi-functional enzyme possess-
ing xylanase and deacetylase activity has been
developed and characterized for the hydrolysis
of agro-biomass rich in acetylated xylan.

Process has been developed for the prepa-
ration of anti-oxidative protein hydrolysate
from corn gluten meal with dairy whey. Possi-
bility for the potential cocoa butter substitute
derived from the mango seed kernel has been
authenticated. A technology using low value
citronella essential oil as a substrate to pro-
duce PMD enriched citronella oil (>95% yield)
to be used in the making of mosquito repel-
lent fabric roll on has been developed. A diver-
gent approach for production of HMF by the
oxidation of biomass derived (chloromethyl)
furfural (CMF) as a renewable feed stock has
been performed.

However, we lack in systematic approach of handling

large agro-biomass produced through agriculture. Lot
of primary and secondary agriculture produce is wasted. Re-
cently, attention has been paid towards handling such bio-
mass for value addition. In this effort, Center of Innovative
and Applied Bioprocessing (CIAB) is continuously working for
value addition to primary and secondary agriculture produce
by innovative technologies. CIAB's focus is to identify gaps in
the research areas of biomass utilization, bioprocessing, food
processing and synthetic biology as well as to provide tech-
nological solutions. Institute is working on four major R & D
programmes; (i) Value addition to primary processing residue/
wastes for edible products, (ii) Valorization of crop wastes for
specialty products and chemicals, (iii) Nutritionals, nutraceuti-
cals, and upgradation of value or use of primary processing bi-
oproducts and (iv) Biosynthetic technology/synthetic biology
for low volume-high value products and industrial enzymes.

| am happy to inform that during the year under report,
CIAB has filed seven patents, five patents have been grant-
ed and published thirty-four research publications in high
impact peer reviewed journals. During 2020-21, CIAB has
received several expressions of interests for their technology
and signed non-disclosure agreements with startups and in-
dustries.

Some of the key research findings during the year are
presented in brief. A novel D-allulose 3-epimerase of Bacil-
lus sp., exhibiting profuse heat-stability and high turnover
number, has been biochemically characterized for D-allulose
production. A novel cold-active type | pullulanase has been
characterized for debranching of starch, which is useful in
the preparation of type Il resistant starch. A novel thermo-
halo-tolerant GH5 endoglucanase, exhibiting resistance to
detergents and organic solvent, has been characterized for
cellulose hydrolysis. A novel B-glucosidase has been character-
ized that displays the dual catalytic function of B-glucosidase
and B-galactosidase activities, with considerable tolerance to
glucose and ethanol. A hyperthermostable mono-copper ox-
idase has been characterized for the novel oxidation activity

Economy of our country largely depends on agriculture.

A two-step process for obtaining cellulose
with a higher fraction (up to 78%) from rice straw than the
actual cellulose fraction (43%) in the parent rice straw, based
on organosolv-base treatment has been developed. Cata-
lytic conversion of cellulose obtained from rice straw gave a
higher yield of butyl glucoside (60%) than parent rice straw
(45% butyl glucoside) under identical conditions, signifying
the importance of removing silica from rice straw. Developed
the sustainable lignin-based coatings doped with titanium
dioxide nanocomposites for microbicidal and UV blocking
performance. Lignin-bimetallic nanoconjugate doped pH-re-
sponsive hydrogels were developed for laser-assisted antimi-
crobial photodynamic therapy. Also, light activatable lignin
nanosphere based spray was prepared as coating for bioim-
aging and photodynamic therapy. Upscale process for nano-
cellulose preparation from rice straw has been developed.

The institute celebrated various events of national impor-
tance with great enthusiasm such as National Science Day,
Rashtriya Swachhta Diwas, Republic Day, Hindi Pakhwara,
Vigilance Awareness Week etc. Institute has also participated
in National Science Congress and |ISF-2020. CIAB has orga-
nized regular lectures under Science Setu Open day event to
celebrate 75 years of Independence of our country. lecture
Institute also conducted open day for school and college stu-
dents, public lectures, and seminars. CIAB participated in Ex-
hibition of Technologies in Food Processing and celebrated
national science day.

| would like to express my sincere gratitude to
Dr. Harsh Vardhan ji, Honorable Minister of Health and family
welfare, Science and Technology, and Earth Sciences for his
critical and valuable inputs and continuous support to mo-
tivate the staff and improve various research programmes
of the institute. He has visited the institute in the month of
March, 2021 and appreciated the achievements and motivat-
ed the staff and students.
| sincerely acknowledge and express my thanks to
Dr. Renu Swarup, Secretary, Department of Biotechnology
(Govt. of India) and Chairperson, GB and all the members of
the GB for their valuable suggestions in giving right direction
and shape to various research activities of the institute. | am
also grateful to Dr. V. Prakash, Chairman, Scientific Advisory
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Committee (SAC) and all the members of the SAC for their
critical evaluation of scientific progress, motivation of scien-
tists, guidance and intellectual inputs which has helped in
evolving new programmes and initiatives as well as in focus of
the research plans and activities of the Institute.

| personally acknowledge the support and cooper-
ation received from Sh B. Anand, Financial Advisor; and
Shri. C.P. Goyal, Joint Secretary, DBT in various financial
and administrative matters. | would like to place on record
my sincere thanks to Dr. Mohd. Aslam, Advisor, DBT and
Dr. A. Vamsi Krishna, Scientist E (Food and Nutrition), Depart-
ment of Biotechnology, Government of India for their support
and cooperation in running all the activities of the institutes
and providing a very strong link between DBT and the insti-
tute. | acknowledge the contribution of former CEOs of the
institute during the report year Dr. Ramesh V. Sonti and Dr.
Amulya K Panda.
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| really appreciate the efforts and achievements of my
scientists, staff and students that are reflected in this annu-
al report for the year 2020-21. My special thanks are due to
Dr. Sudesh Kumar, Dr. Sasikumar Elumalai, Dr. Jayeeta Bhau-
mik, Dr. Sudhir P. Singh and Mr. Sukhjinder Singh for their
help in compiling and editing of the annual report. | thank
all my colleagues at CIAB who have worked sincerely for the
growth and development of CIAB in their respective roles and
responsibilities.

s/d-

Professor Ashwani Pareek

Chief Executive Officer

Center of Innovative and Applied Bioprocessing (CIAB)
Mohali, Punjab
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To be a nodal research and innovation organization linking
leads etc. of bioprocess and bioproduct R&D system knowl-
edge, technology with production system, and serve as in-

cubatorial platform for agri-process and agri-food-product
VIS I O N related entrepreneurship along with a frontal role in trans-
lation, innovation, optimization and upscaling of approach-
es and technologies for bioprocessing products to catalyze
agro-industrial growth through progressive functional link-
ages and networking/ collaborations with institutions and
industries nationally and globally.

¢ To test, validate, translate, innovate, improve, upscale
and integrate approaches and technologies related
to bioprocessing of agri-food/agri-mass for promo-
tion of secondary agriculture.
M I SS I O N ¢ To generate bioresources related knowledge and
advance R&D leads and potential for the growth of
research and innovation systems towards products
development, technology translation, product qual-
ity assurance etc. in the sectors of agri-food and sec-
ondary agriculture including technologyde monst
rations,training,clusteringofentrepre-
neurs / stakeholders etc. in the lab-to-market chain.

OBJECTIVES

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

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

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

To advance and synergise innovation system related to bioprocessing for development of value-
added/new/novel products and to serve as an incubator/service platform for the common interest
groups/companies/entrepreneurs etc.

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

CIAB
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CIAB
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SOCIETY
OF
CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

Dr. Harsh Vardhan Dr. Subhra Chakraborty

President (Ex-officio) Member (Ex-officio)

Hon'ble Union Minister of Science and Technology and Earth Director

Sciences, National Institute of Plant Genome Research
New Delhi Aruna Asaf Ali Marg, P.O. Box No. 10531

New Delhi - 110067
Dr. Renu Swarup

Member (Ex-officio) Dr. Dinakar M. Salunke
Secretary, DBT & Chairperson Governing Body-CIAB, Member (Ex-officio)
Department of Biotechnology Director
Block -2, 6th-8th Floor, CGO Complex, International Centre for Genetic Engineering and Biotech-
Lodi Road, New Delhi-110003 nology

Aruna Asaf Ali Marg
Sh. Vishvajit Sahay New Delhi - 110067
Member (Ex-officio)
Additional Secretary & Financial Advisor Dr. Sundeep Sarin
Department of Biotechnology Member (Ex-officio)
Block -2, 6th-8th Floor, CGO Complex, Scientist-G & Advisor,
Lodi Road, New Delhi-110003 Department of Biotechnology

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

Dr. Hemalatha R

Member (Ex-officio)

Director,

National Institute of Nutrition
Jamai-Osmania PO
Hyderabad-500007

Prof. J. Gowrishankar

Lodi Road, New Delhi-110003

Prof. Ashwani Pareek

Member Secretary (Ex-officio)

Chief Executive Officer (Additional Charge),

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

Member (Ex-officio)

Director, IISER, Mohali,
Knowledge city, Sector 81,

SAS Nagar, Manauli PO 140306
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OF
CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)
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Secretary,
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Department of Biotechnology
Ministry of Science and Technology,
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Joint Secretary

Department of Biotechnology
Ministry of Science and Technology,
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Dr. Sundeep Sarin
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Prof. Ashwani Pareek
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Prof. Ashwani Pareek

Member Secretary (Ex-officio)
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CHRONICLES OF FUNCTIONALIZATION

OF

CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING (CIAB)

April 27, 2020: Eleventh meeting of the Governing Body
(GB) held through video-conferencing.

September 15, 2020: Eighth meeting of the Scientific
Advisory Committee (SAC) of CIAB held through video-con-
ferencing.

September 23, 2020: Eleventh meeting of the Finance Com-
mittee (FC) held through video-conferencing.

September 29, 2020: Twelfth meeting of the Governing
Body (GB) held through video-conferencing.

March 05, 2021: Eighth meeting of the CIAB Society held
through video-conferencing.

March 15, 2021: Twelfth meeting of the Finance Committee
(FC) held through video-conferencing.
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W 1 fufa (319, 2021 T9F)
ATE ©TE
FHiF am g IITTHE B A Tty
1. o 3T ailien 7T FHER AR (T aam) | -
2. 1. YR FHAT AMEH-TH 12-04-2016
3. =T, 91 T ASH-Th 11-03-2015
4. 2. T, WA MR35 14-07-2016
5. 1. YITRISHHR TEHeTs ERIICE 24-03-2014
6. =1 ST HiTeR] A< 12-08-2016
7. =T e syt g ERIEED 07-12-2014
8. =7, gER A g ASMeR-21 24-06-2015
0. ST T w7 T Ug - e wifee 01-01-2016
At =T
HHS Y g i g1 31 fafd
1. 1. §adH g TP ST (dggd) 01-08-2014
2. 1. Holld Rig e AT (Rifda) 07-07-2017
3. 1. 39 Rig IRy dbId! YeIH 04-12-2013
4. ERRIRECNICAS] IRE dh-id! TgH 21-01-2016
5. 81, U1 Rig RS db-1d! Gerdd (BH) -
(3T UHR
A ©TE
PHD | g e g @ fafy
1. off gt aut TeEd (o) (3Mfafed THR) -
2. ot grd gt RIS SR (il
UHR)
3. off TH HUH TR BRIG SHYSRT (Saread
UHR)
4. oft 3= ot EECERERED 07-03-2014
5. ot I <re gt EECERSFRED 04-09-2015
6. o gaiviar g EELERREED 19-10-2016
7. it 891 ThREaH Y&y TS (AR TUR) -




STAFF STATUS (AS ON MARCH 31, 2021)

SCIENTIFIC STAFF
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Sr. Name Designation Date of Joining
No.

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

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

TECHNICAL STAFF

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

ADMINISTRATIVE STAFF

Sr. Name Designation Date of Joining
No.

1. Sh. Suneet Verma Manager (Finance) (Additional Charge) -

2. Sh. Suneet Verma Administrative Officer (Additional Charge) -

3. Sh. S. Krishnan Store Purchase Officer (Additional Charge) -

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

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

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

7. Ms. Hema Pharswan Management Assistant (Additional Charge) -
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VALUE ADDITION TO PRIMARY PRO-
CESSING RESIDUES/WASTES FOR EDI-
BLE PRODUCTS

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

RESEARCH

n

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

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

CIAB: Annual Report 2020-21

VALORIZATION OF CROP WASTES FOR SPECIALTY
PRODUCTS AND CHEMICALS

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

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

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

Dr. Sudesh K Yadav

Scientist-G

Research Fellows

Shushil Kumar Rai; Anjali Purohit
Deepak Mehta; Varun Kumar
Aishwarya Singh; Simran Bhatia
Neha Sharma; Sundeep Kaur
Payal Guleria; Pooja

Geetika Jain; Sucheta Khubber
Arushdeep Sidana

Expertise

Metabolic engineering of plants and microbes for value
added products. Synthetic biology and nanobiology ap-
proaches for enzyme/ microbes-based bioprocesses and
the transformation of biomass into value added products.

ed probiotic due to its high nutritional content,
pleasant taste and numerous health benefits. It is
preferred in weight management, lactose intolerance,
immunological effects, gastro-intestinal or respirato-
ry tract diseases and dental health. One of the major

Yoghurt is one of the widely used and accept-
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reasons for high consumer value of yoghurt is its fir
texture which is provided by proteins interspersed by
fat globules. These days low fat yoghurt is becoming
increasingly popular. But the removal of fat molecules
from yogurt disrupts its firm structure resulting in sy-
neresis, poor texture and degraded sensory quality of
the yoghurt. In order to improve the texture of yoghurt
various types of hydrocolloids, gelatine, casein, inulin,
gums, protein concentrates are used. Pectin rich con-
centrates like apple pomace, carrot cell wall compo-
nents are used to improve the cross-linking within its
structure. In addition to this, pectin and other hydro-
colloids are also known to improve the physico-chem-
ical properties such as pH and acidity of set yoghurts.

Processing of dairy probiotic foods to improve its rhe-
ological and physiochemical properties: In order to
improve the physio-chemical properties of yoghurt, we
have investigated the effect of addition of low methox-
yl pectin (LMP) on rheological properties and texture of
whey casein matrix stabilization. Addition of low-me-
thoxyl pectin (LMP) was observed to reduce whey loss
(16% reduction), improve firmness, rheology, quality
and overall liking of low-fat set-yoghurt. Adding LMP
to the set yoghurts resulted in increased soluble solids
content and higher bacterial counts (210 log CFU/qg),
improved acidity, bioactivity (DPPH- & ABTS+ uM Trolox-
/9), and lower pH. As per rheology studies, LMP added

Figure 2. SEM images of low fat set yoghurt containing
different concentration of LMP: a) control, b) 0.05% LMP, c)
0.1% LMP, d) 0.2% LMP, e) 0.4% LMP, f) 0.6% LMP, g) 0.8%
LMP, h) 1.0% LMP.




[
58

[ SeI—
5 2 3 4 a =
0

o 3: T wreem () 3fiR Het () W Seied SR Jegei
TR | T AT (100 A 5 ()59 T e 2] S
wfer

Seet G*) 3R Sifeer feraferra= gt g1 st * & forg arer «f
Hiee TR (T 3R SE) oY T & AT gal Aiea o
FE §E TR U YT Ure T | W e T 3 weredt
TSI o Gedae I UG AT, Retelist # GUR 37X A
T AT U T oh1 oY THE o o) Fem € (s we) | zaferg,
TATHYY SgcR GAS! THE o WY hH 9T aTel U SRl b [T
& foru wep Gurfard =reeh o 9 § 39| ATsshiegar fasor
3 oY SRERT WIS Jeerh sl 9 3R gel H Terudt & Jrfafes
TSRl Shl G & € | Teraed) Siie TTY Fhreed o Al §
srrg-Totfeh a1 o1 g IS o S T o, et got fegsf
T femror § 3 e 9 (o 2) | Tered & FHoma g et
el <t SufRuf 31X Afde ohr Sier eTeoT 7aT o 1Y gATafRa
ShIrE hT SUTRATA 3 ShTRUT TS —UTeT A Se o Sh1X0T & BT
o Sl 3TTE |

1500

1000

Intensity (au.)

500

¢ o 20 30
p
28

T 4: THIATE! - TICH H1egH (eTTel) 3R HeT (F1eT) R Iearied siremoy
S R = :

CIAB: Annual Report 2020-21

JFITEe Yegeiet R goid TR & ITeA & fog el
3TqfTe o wHwR|

2T 3T G & WIeA e XA gl Ueh IU-3ITG o &9 & ST
TSR STTAT %1 381 o TEeRtoT o TG, 38 WIS ol 3TeT ot §
g AT TG o &Y § kel ST 2 | wiee ST a3 Hgl ol 7@
ek Y1 B | ek 78 Hgl e ekl ol WHGH HId €, U8 WE
®Y Y W 7Y SI1aT T Taferm Seamai & semea & o sgeht o
STHT ohT YT T b folq S8 THTRIA hid bl STTATaIehdT € | 318
TR IR, AT ! 5UhT I= Sifereh TTaRiTST AT (S3TTe) o hioT
TTaTer 98 e st §@d g EaETes 71 ST € | 38
TIgT 1 WY A TaRoT § S 3 ST, T oS gersTial oh [entg
% fore geuge o = H ST ShaT ST Ueha € | U geAsTa
1o Torehra & forg mgr Rt 91T ol SURNT hieh SRl
YIS 51y SATeNfiTeh &0 ¥ qoud = ScTal bl [ 4@t
IcqTEH oh Tl ST fore 1T wehd € | g9eh a1fafeen, Agr o wrehar
TR ol STANT 3Nk 3R feehts: Sta-wenfirehr gigenion =i
U STk ot TR ST T SeaTat o Seurad o fore e

ST HHATR |

mCLEA in absence of mCLEA in presence of
any proteic feeder BSA as a proteic feeder

| E? y [ sfactory
due to less amino groups due to plenty of amino groups

B No shielding of the desired § B Shielding of the desired

: enzyme molecules enzyme molecules by BSA
I @ Low activity recovery

1

1

|
|
NH, |
2 |
B High activity recovery NH NH 1
2
W Low product yield in B High product yield in NH, :

biocatalysis biocatalysis NH, |

____________________________________________

T TA-3NTeS ST Geleh1d shig— )
TSlTsH Ul -3R[eTST 3Mgdiist + foer- 5 e

THYTCE T ot (Q) | TR SRR (1) & ey e thret o 91 gor o
52 THEITAST qaT) 5 Ueh Hifeehs hiet oh &Y &1 49Td |

ot 5: Uk Miees Tt & & & TSI GRA Tesg i (Seg)
A Qoo % 4

e &1 H gAY RTIer H, g deifte Jegeist daT s
AT FerI e, THETsaR? Y o STRUHET —4 31 ugeT
3R 2 STV o1 SUANT ohieh ST Yogeliet (1)) &
IeaTeH o foTg Teh wfsha it srgeniora foram 3 | ferer meterifired
T IUIITHET Y T oereIsl ohi Tk HI-HY Toehist 3T Teiar IS
¥ S o fore femam mam ot aTik Straroy s foreRrg 3 forg mgr
¥ TETEhISt ShT ST T ¥ WA AT1 5.6 AT Yogel I/ Iet Fgl
! IedH FigdT SaTY] g5y o 8 faAt & &g 30 feuht Afcwzg




RO N——

et
8 ® % 8 3 4 3 8 3 =z 3§

Figure 3. FTIR of produced bacterial cellulose on HS me-
dium (a) and whey (b). SEM images of produced bacterial
cellulose on HS medium (c) and whey (d).

set yoghurts possessed higher modulus (storage mod-
ulus G', loss modulus G", complex G*) and complex
viscosity. Power law model parameters (A & z) for G*
also found to be related to the enhanced strength of
yoghurt matrix on addition of LMP. Principal compo-
nent analysis has also showed the correlation of LMP
concentration with improved quality parameters, rhe-
ology and overall liking of low-fat set yoghurt (Fig 1).
Therefore, LMP emerged as a potential ingredient for
stabilization of low-fat set yoghurt with improved sen-
sory liking. Microstructure analysis also affirmed the
filling of porous protein network and enhanced aggre-
gation in yoghurt with addition of LMP. Open porous
cavities were observed in control while cross-linking
or filled cavities were observed in case of LMP added
set yoghurts (Fig. 2). Protein-polymer bonding owing
to the presence of negatively charged carboxyl groups
in LMP and positively charged casein along with water
holding capacity of pectin led to decrease in whey loss.
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Figure 4. XRD- pattern of produced bacterial cellulose on
HS medium (red) and whey (blue).
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Processing of Dairy waste for the production of bac-
terial cellulose and rare sugars: Tons of liquid whey is
released as a by-product by dairy industry every year.
After processing of milk, separating the milk protein
leaves whey as remaining product. Lactose is the ma-
jor component sugar of liquid whey. Since this whey is
rich source of certain sugars it becomes clearly evident
that it needs to be processed to explore its full poten-
tial for the production of various products. Generally,
Whey is considered as hazardous considering its direct
disposal in environment owing to its high biological
oxygen demand (BOD). So instead of disposing whey
directly into environment, it can be used as substrate
for the growth of numerous microorganisms. Such mi-
croorganisms by using sugars of whey for their growth
may be used for the production of wide range of indus-
trially valuable products like bacterial cellulose. Ad-
ditionally, the sugar component of whey can be used
further for the production of various products like rare
sugars using economical and sustainable biotechno-
logical approaches.
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Figure 5. Development of L-arabinose isomerase magnetic
cross-linked enzyme aggregate (MCLEA) and Combi-mC-
LEA of dual enzyme L-arabinose isomerase + $-galactosi-
dase in the presence of bovine serum albumin (BSA) as a
protic feeder (A). Effect of BSA as a protic feeder in mCLEA
preparation compared with no proteic feeder in the im-
mobilized catalyst (B).

Recently in our lab, we have identified a bacterial cel-
lulose producing bacteria, Acetobacter pasteurianus
RSV-4 and optimised a process for the production of
bacterial cellulose (BC) using this bacterium. f-galacto-
sidase was used to convert whey lactose into compo-
nent monomers glucose and galactose and the bacte-
rium was able to use glucose in the whey for its growth.
The highest concentration of 5.6 g cellulose/L of whey
was obtained at 30 oC after 8 days of bacterial growth.




)és%aﬁm@ﬁwaﬁ?a@w(%a ﬁ?vr
+TeT-TaTTE) (T 37 EY) o el - THETeTT I THETH ST |

A B
4 8
/:14
%ﬂ
%la

T YTH hT 7TE ot | TR ol o1 G IR IeTe o folg stenferd
foRam T o1 @R 120 ofieX Al T STANT i SR
YIS o IeUTaA o Tolg 3Terar foram 7 o1 | Uhel-3meaTr
fereroanatt shr sifeat s suftafa st gufar @ 3fiR 7 off qwriar &
o Wegr wifee # wisieT de i Il & T8 91 3300
-1 R fofere =aifeat si-wa e & €fa @l €, 2060
Yofi-1 W-wg 2 A g et €, 1600 Ai-1 W-an-
LT ol 1T Sdl € 3R 1000 TH-1 Fi-37 i ol €|
FA €| T8 U HISET JIRae Jegeist o [ J@or §
o7 | Ty HTeaH 3R 7g o141 ol wyser gie 3 e
ST 52 Sl SeTaie JeeIhIed WIEisicl sl BT Aeaeh JI-T 74T
o7 3TR 2 YogellsT Wisheret ohl =SS 42 TAUH 3R 68 TATH
(Rr1 3) % o oY | wgT S} o1 gerTee Hierd TETy wreas
Y T arfereh oY, St WeHee & ®9 H HgT BT STANT hich STl
ICUTE T AT OIS T YA Seil & | 3Tk ST, THRIATEN
faseroT 3 dieeeet Y@y SIRTEaT -4 1 ST Heh
TITH ATEAT 3R Al ¥ Saqniad 19t St Tohteciia wehfd Sy off
TS 1| Al TR AT o e Ted 7 38 - degat (e
4) % &9 F 31f¥ren g1 1 GuraAT gifed o dF | wEeg Aemm
3R AT T Y o uefer FRrdr o1 srezra fopa ot 3R wifer
Afeiifzen fasioor (SRT0) 1 SUNT 3tk qera o1 ¢ | &g
TiRoTHY 3 SeRITEe Jegeiet st 2500C Tk Arielt w9 T 2R
&1 2500C ¥ W, IgT W 14 F 43% TRIge <@ 7 Safh
T Yoot o Aol & frae 989% ot | 3afery, Twelaméan,
TFIITREY, TUSUA 37K EsTre aikorst 3 grferd o o for mgr @
IATIEA e Vegetist TEHl ATeqs Yogais § Sgal o7l
Hfeh, g1 ISt (IETERIST ST TTCTaReIST ohl STEUTRIIEE) T T
1T 2, SUlory gaeh! ST hrateeh FTeht 3 Ieare o for fama
ST HehdT € | Y SR TaIet Yoelist o oG o Hgl ol SUNT Tel -
TS 3 FAhT 5h1d foras UoTTsH TiRIed (TRITes) 3R aiey

CIAB: Annual Report 2020-21

USITEH T -UaTTE 3R forer-fiet (R 5) 3 el -Traiieers
ST e Y helll GelsT T S1-2ITTEIST 3h IUTGH o folg
ToRaT T T | THEUAST 3R ehivall - UHE TS T ahT 713 USTTgH|
1 SUYTH TSIE 1 ST leh IR TALRITCERTEE 3h ohid - fofent
% & ¥ gechig "Rvil T gt foRaT T oT| B et ¥
SI-SITEIS 1 25% qeh 3T STertd HieaT § fetererst § e
50% 3IUST UTH oA & TeTH I | 39 31eqTH o qoTHy 3 gea
feam & for apTrell - weiiums e & e (forer-Tiet + Ter-uams)
SUANT Ueh h&ehs B TeHee A Tol7 BT o HTEqH W S1-Iers
30T I TG H GHH U7 THUIUASY 3T hiral-GIuersu g
21 39 T arfereh skl o forg gAeishor T 9, S 3Rt Tifafaty
T T 50% FATY TES & | YT Hruase ot wased (R
6) T ITANT T bt ot Ferrora ot | forerfira Jarehtar 3ates &
T 19 HTfsRaT & T B4 o STG aTedl Jaeh ol ST Sleh
ITR! e o |

Fiy aEE ¥ fofm it fifee & Ferdo it 9%
STV o fore wiskar feremma |

formEegeTst et & gealt W Tad w4 | sterd anRi
¥ ufeenEe 3R Uieiiies A & 99gy g9 % SN,
forn -Teaelfies S 1 qega™ AR 6 aTH HE 6
fore ek SpE Fu-Teieh o & & H1=Ia1 & 7E | o7 1 ot
3R T3 Y @I g R F Tl srfres s Hiv-smiee ¥
ZafoTg, T2t 2h1 WYE 1 T: UTH hi 17 S -Tod aTet STugait
TeTed ST Hequl € ST | A @S feriieetret (At
oI, Yogeiisr 3R THREST), ST Rafcret, witdhe, o1g
AT 3R etz @ o 2 | farfere srgemim & swei & forg
e ofi 3faRm 33 gou affa saret = o e &
foIT 7T @rE S8 H-ufHE & el suE & foy o T

1600 P T— "
woo{
_ 1m0

0 100 1000 10000
Size (d.nm)

o o 3
0 5 10 15 20 25 30 35 40 45 SOmin
Temperature (°0)

. 7: v) IRl &
FRaferent

1 TR
1 TR ForaRoT 3R Sfier &fma |

HAEHAR HATNT0 e, &
Qamﬁqﬁﬁﬁj;rﬁsﬁq d)ﬁq‘ri%fﬁrj




Figure 6. SEM images of the developed mCLEA of L-Al (A
and B) and Combi-mCLEA of dual enzyme (8-Gal + L-Al)
(C and D).

The process was optimised for large scale production
and was studied for the production of bacterial cellu-
lose using 120 L whey. The FT-IR shows the presence of
characteristics peaks and also showed that the spectra
were similar to existing bacterial cellulose in literature.
The distinguished peaks at 3300 cm-1 indicates O-H
stretching, 2060 cm-1 indicates C-H stretching, 1600
cm-1 indicates C-O-C stretching and 1000 cm-1 in-
dicates C-O stretching. This pattern was in alignment
with the existing bacterial cellulose. SEM images of the
BC from HS medium and whey showed BC mat was
observed to be a dense network of interwoven ultra-
fine fibrils and the width of these cellulose fibrils was
between 42 nm and 68 nm (Fig 3). The comparative
thickness of whey BC was higher than HS medium
BC, suggesting a better quality of BC production using
whey as substrate. Further, XRD analysis also confirmed
the crystalline nature of BC produced from HS medi-
um and whey using Acetobacter pasteurianus RSV-4.
The diffraction pattern of BC on whey proved it to be
more likely as a-cellulose (Fig 4). Thermal stability of
BC from HS medium and whey was studied and com-
pared using Thermal gravimetric analysis (TGA). TGA re-
sults showed bacterial cellulose to be thermally stable
up to 2500C. Beyond 2500C, BC from whey showed
43% degradation whereas the degradation in case of
HC cellulose was 98%. Hence, FTIR, XRD, SEM and TGA
results proved that bacterial cellulose produced from
whey was superior then the HC medium cellulose.
Since, whey is rich in lactose (disaccharide of glu-
cose and galactose), it can be used for the production
of functional sugars. So the whey after bacterial cellu-
lose was used for the production of zero calorie rare
sugar D-tagatose using magnetic cross linked enzyme
aggregates (MCLEAs) of L-Al and Combi-mCLEA of dual
enzyme L-Al and B-Gal (Fig 5). mCLEA and combi-CLEA
were formed by precipitating enzymes using appro-
priate agent and linking the precipitate to magnetic
nanoparticles using glutaraldehyde as cross-linker. We
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were able to achieve up to 25% yield of D-tagatose
from lactose and nearly 50% yield from galactose in
agueous media. The results of this study have suggest-
ed that the use of enzymes (8-Gal + L-Al) in Combi-mC-
LEA was able to enhance the D-tagatose yield through
substrate channelling phenomena in a cascade. Both
the mCLEA and combi-CLEA were recyclable for more
than ten cycles retaining nearly 50% of their activity.
Synthesised CLEAs were also characterised using SEM
(Fig 6). The main advantage of the developed magnetic
catalysts was their recovery using an external magnet
after completion of the reaction.

Process development for extraction of lignin and
silica from agro-biomass and their application: Lig-
nocellulose is currently the most abundant renewable
material on earth. Being rich in polysaccharides and
polymeric lignin, ligno-cellulosic biomass has been
recognised as an excellent agro-stock to derive valu-
able compounds. Paddy straw and sugarcane bagasse
are the most generated agro-waste worldwide. Hence,
it becomes increasingly important to valorise sugar-
cane bagasse into recoverable high-value molecules.
Sugarcane bagasse comprised of lignocelluloses (i.e.
lignin, cellulose and hemicellulose), amorphous silica
and some traces of phosphates, metal ions and chlo-
rides. Several new areas have been opened up for sus-
tainable utilisation of agro-wastes like sugar bagasse to
derive value added products like nanosilica and nano-
lignin for use in various applications. Therefore, a signif-
icant renewable bioresource, bagasse biomass can be
exploited for the recovery of lignin and silica.

We have designed environmental friendly catalytic
process for the valorisation of sugarcane bagasse into
functional nanomaterials like nano-silica and nano-lig-
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Figure 7. a)ATR-FTIR absorption spectra for nanosilica, b)
XRD diffractogram of nanosilica, c) TGA of nano-lignin, d)
Size distribution and zeta potential of nano-lignin.
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Figure 8. Purification of wastewater by developed silica and lignin based membrane. HPLC chromatogram of water con-
taining red 81 dye and of pure water after purification. Developed membrane removed the red 81 dye from wastewater

nin. Bagasse saccharification was carried out with an
acid catalyst (H2SO4 0.5%, wt/wt) to separate sugars
after pre-treatment of biomass with ethanol. Subse-
quently, a combination of peroxide and base (0.5%
H202, wt/wt and 1%NaOH, wt/wt) was stacked to con-
currently synthesise SiO2 (35 nm with 5.65% yield) and
lignin (20 nm with 10.15% yield) from bagasse slurry.
The final precipitation was carried using catalyst to
separate highly pure functional materials in powdered
form. Nano silica and nano lignin were characterised
using FTIR-ATR and XRD and zeta potential of extract-
ed materials was calculated. Zeta potential ({) of the
synthesised materials was found to be - 35.6 mV for
SiO2 and - 13.1 mV for lignin (Fig 7). Obtained silica
and lignin nanomaterials were used in the fabrication
of strong as well as flexible functional membrane for
purification of solute particles and gases. The adsorp-
tion/desorption curve of the developed functional
membrane showed type Il isotherm with a H3 hystere-
sis loop. The observed Brunauer-Emmett-Teller surface
area of the membrane was 400.3 m2/g. The pore size
and pore volume as recorded by Barrett-Joyner-Hal-
enda method was 25.5 nm and 0.624 cm3/g, respec-
tively. The developed membrane was used for waste
water treatment. The synthesised membrane was used
to treat waste water containing red81 dye and it was
efficiently able to remove dye from the water (Fig 8).

Oxido-reductase for depolymerisation of lignin: Lig-
no-cellulosic biomass have emerged as a green and
sustainable carbon resource as alternative to the use of
fossil resources. Ligno-cellulosic biomass, as the name
suggests, is composed of heteropolymer component
called lignin and polysaccharide units called cellulose
and hemi-cellulose. Unlike the other two substrates,

lignin forms the most complex structure owing to its
complex linkages like B-O-4, B- B, 5-5, B-5, p-O-4, which
makes it difficult to valorise. Due to this recalcitrant
nature of the polymer, it is underutilised and less ex-
plored. Hence, valorisations of lignin have gained lot of
attentions over the years. Among all the lignin valori-
sation strategies catalytic depolymerisation of lignin is
the most challenging and less studied method. Depo-
lymerisation could be achieved through various meth-
ods like acid-based, oxidative, reductive and enzyme
catalysed depolymerisation. Enzyme catalysed depo-
lymerisation of lignin has not been much explored.
Therefore, it becomes increasingly important for iden-
tification of enzymes that are capable of degrading
different components of biomass. Such enzymes then
could hold the potential for use in enzymatic consor-
tia for valorisation of lignocellulosic biomass. In view
of this, here we have identified and characterized the
potential of a new class of mono-oxygenase in lignin
valorisation.

In our recent study, we have identified a oxido-re-
ductase, Lytic polysaccharide monooxygenase, ca-
pable of oxidising lignin. Lytic polysaccharide mo-
no-oxygenases were earlier used for the oxidation
of polysaccharide units of biomass. Here, the role of
LPMO was explored in lignin depolymerisation. The
identified enzyme, LPMO-AOAA17 was modified and
recombinantly expressed in E. coli BL21. The synthetic
enzyme was studied computationally for its structural
stability through molecular dynamic simulations us-
ing GROMACS. Further the substrate specificity of the
enzyme was studied. Recombinant enzyme did not
show any characteristic cleavage of polysaccharides.
However, it was found to be oxidising broad range of
phenolic and non-phenolic monomers of lignin (Fig 9).
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Figure 9. UV-Spectra of different substrates after oxidation
by LPMO-AOAA17. (A) 2, 6 dimethoxyphenol; (B) guaiacol;
(C) 3,4-dimethoxybenzene (veratryl alcohol); (D) vanillyl al-
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Figure 10. Thermal stability of enzyme at 100 °C for 24 h
(A), hyperthermal stability of the enzyme LPMO-AOAA17
(B), stability of enzyme during different autoclave cycles
(C) and DSC of the enzyme LPMO-AOAA17 indicating its
Tm (D). The data represent the mean of three replicates +
standard deviation (mean + SD; n = 3).

Biochemical study revealed the optimum activity of
LPMO-AOAA17 at pH 7 and was highly stable and ac-
tive at 1000C. The enzyme LPMO-AOAA17 was also ob-
served to be stable after autoclaving at 1210C and 15
psi. Further, the enzyme was able to retain its activity
at temperatures higher than 1000C. Thermal stability
of the LPMO-AOAA17 was further confirmed through
differential scanning calorimetry and showed biphasic
pattern of the curve. The melting temperatures were,
Tm1 between 920 C and 940C and the Tm2 between
193 oC and 195 oC. Tm1 indicated the slight melting
of the enzyme with ~25% of total specific heat was ab-
sorbed. Whereas the peak of Tm2 indicated that large
amount of heat was absorbed and this was resulted
in complete melting of the enzyme. Higher Tm indi-
cated the higher thermal stability of the enzyme. The
biphasic peaks can be due to phase transition at Tm]1
resulting in more stable structure which melts at high-
er temperatures, imparting such an observed thermal
stability to the enzymes (Fig 10). GC-MS analysis has
confirmed the catalysis of the newly identified LP-
MO-AOAA17 for the depolymerisation of lignin dimer,
guaicyl glycerol f-guaicyl ether into guaiacol.

Salient Achievements

¢ In comparison to control, dynamic oscillatory (G', G",
complex viscosity and complex modulus, G*) studies
have documented higher elasticity and gel strength
in LMP-yoghurts.

The power law parameters for G* have confirmed the
increased effect on gelation strength in yoghurt. Sen-
sory liking parameters were correlated with elastic,
viscous modulus or complex viscosity and overall lik-
ing of LMP-yoghurt was improved. LMP emerged as
a potential ingredient for stabilization of low-fat set
yoghurt with improved sensory liking.

Characterised the bacterial cellulose produced on
whey using isolated Acetobacter pasteurianus RSV-
4. Optimized the process for synthesis of rare sugar
D-tagatose from galactose and lactose using mCLEA
and Combi-mCLEA of L-Al and B-gal. Recyclability of
synthesised CLEAs was found for more than ten cy-
cles. Characterised the synthesised CLEAs using SEM
and confocal microscopy.

Successfully recovered nanosilica and nanolignin
from sugarcane biomass. Process optimized for the
simultaneous separation of pure silica nanocubes and
spherical-shaped lignin. Nanosilica and nanolignin
were used to fabricate membrane film and used to
treat waste water. Fabrication of synthesised nanopar-
ticles into membrane film has suggested the poten-
tial of these materials in the development of function-
al nanocomposites.

A unigue LPMO-AOAA17 has been identified to oxi-
dise wide range of phenolic and non-phenolic lignin
monomers.

The LPMO-AOAA17 has an optimum activity at pH 7
and was stable at high temperatures with optimum
activity at 100 oC.

LPMO-AOAA17 was stable at high temperature and
pressure conditions of autoclave for 5 consecutive cy-
cles and retained more than 75% of its activity.
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petroleum-based polymers, which are non-biode-

gradable. Recently widely used plastic packages
includes polyolefin (polypropylene and polyethylene)
and aromatic polyesters (poly- (ethylene terephthal-
ate). The growing and widespread usage of synthetic
packaging films have caused the severe environmental
concerns because of its non-biodegradability (Wildan
and Lubis 2021). Biopolymer-based films are alterna-
tives to plastic packaging. Biodegradable polymers are
obtained from various natural resources such as starch,

The packaging materials are mostly produced from
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cellulose, and protein. They have several advantages
including non-toxic, biocompatible, edible and renew-
able (Tang et al. 2018). Gums are natural hydrocolloids
that have applications in food, pharmaceuticals, the
environment, tissue engineering, drug delivery, and
biomedicine (Jussen et al. 2020). Guar gum (GG) is a
nonionic, water-soluble polysaccharide, that is widely
used in the food industry as a thickener and stabilizer
(Saurabh et al. 2015). GG production in India amounts
for 80% of global output. It is composed of a long lin-
ear B-(1.4)- mannose backbone to which B-(1.6)-linked
galactose residues are attached (Tripathi et al. 2019).
GG is highly soluble in water owing to high number
of hydroxyl groups in its structure and has good film
forming ability. The aim of present study is to enhance
the mechanical properties of guargum based films by
incorporating the polyethylene glycol and citric acid as
plasticizer and co-plasticizer respectively.

1. Preparation of guar gum/CNC/PEG based compos-
ite films

Preparation of Guargum/CNC/PEG based biofilms: To
synthesize Guargum/CNC/PEG based biofilms, equal
molar ratios of CNC and guargum were dissolved in 50
mL distilled water in separate beakers. Solutions were
stirred for 2 hours at room temperature. Then add CNC
solution into GG solution under vigorous stirring. Now
add PEG and citric acid into above mixture and stir
at 50 oC for 2 hours. To prepare the film, solution was
poured and spread evenly onto surface of glass plate.
For drying, plates were then kept at room tempera-
ture. The prepared film samples were manually peeled
off and subjected to analyses. The tensile strength and
young’'s modulus of synthesized films was measured
using ultimate tensile testing machine Shimadzu with
a 50 kN load cell equipped with tensile grips.

Pictograph of synthesized films: Figure 1 shows the
pictograph of Guargum/CNC/PEG. Figures 2a-c reveals
that obtained films are transparent and flexible. With
varying the weight % of CNC in GG from 0.3 % to 0.7%,
the quality of films was improved. However, with in-

Figure 1. Pictograph of Guargum/CNC/PEG with varying wt% of CNC (a) 0.3 wt% (b) 0.7 wt% (c) 1 wt%.
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crease in CNC concentration upto 1%, bubbling was
observed due to thickening of solution. Thus, 0.7 %
CNC have been chosen for further studies.

Mechanical Properties: The average tensile strength of
18 Mpa and Young's modulus of 2.4 MPa of 0.7% CNC/
GG/PEG was found to be higher than that of 0.3% CNC/
GG/PEG and 1% CNC/GG/PEG as shown in Fig. 2.

Thermogravimetric analysis: The initial weight loss of
17.227 % found in the temperature range of 30-100 °C,
was due to the evaporation of physically adsorbed wa-
ter. Maximum weight loss of 68.305% was recorded in
the range of 220-350 oC. Complete degradation with
10.548% of weight loss occurred at 560 ‘C. The com-
plete degradation was observed between 350 and 800
°C confirmed high thermal stability of polymer com-
posite film as shown in Fig. 3.
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Figure 3. TGA graph of 0.7 % CNC/ GG/PEG biofilms.

2. Process optimization by statistical optimization
for pectin extraction from fruit juice industry waste
and its characterization

India is among the largest producers of many fruits,
vegetables and other horticultural products in the
world with approximately 9.54% contribution of the to-
tal fruit production of the world [1]. During fiscal year
2021, it has been estimated the global market for fruit
juice and nectars is reached to the volume of 50 billion
litres [2]. The estimated worth of fruits and vegetables
wastage is of Rs 13,300 crore, that has been thrown
every year in India [3]. One of main reason behind this
wastage is that only half no. of cold storage i.e., approx-
imately 6,300 cold storage facilities (with an installed
capacity of 30.11 million metric tonnes) are available
in India. Similarly, the large percentage of by-products
are generated by different steps of the industrial pro-
cesses i. e. peels, seeds, and unused flesh etc. These
large amounts of solid wastes are rich in lignocellulos-
ic biomass (cellulose, hemicellulose, lignin and pectin),
soluble sugars and essential oils etc. that could be val-
orise to produce natural fruit-based products.

Pectin, an acid soluble structural heteropolysaccha-
ride present in middle lamella, primary, and secondary
cell walls of higher plants, seeking attention day by day
for various pharmaceutical and biomedical application.
The major sources for commercial pectin production
are apple pomace, citrus peels, and sugar beet pulp
[4]. Pectin encompasses a- D-galacturonic acid (Gal A)
residues linked with B-1,4-glycosidic bonds, with vary-
ing proportions of methyl esterified galacturonic acid
groups, and a certain number of neutral sugars as side
chains. The three major pectic polysaccharide exists
in pectin are homogalacturonan (50-90%), rhamno-
galacturonan-l (20-35%), and rhamnogalacturonan-Il,
where homogalacturonan is responsible for “smooth”
regions and rhamnogalacturonan polysaccharides are
responsible for “hairy” regions of pectin, in which most
of the neutral sugars are present [5]. According to re-
cent studies, pectin yield obtained from mineral acids
like H2SO4, HNO3, and HCLl is comparatively lower as
unlike organic acids [6-7]. Beside this, enzymatic ex-
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qrferent 1. T a1 Testrea (S1e1E) 3R Ui Y & wihTeres aiom |
Run Citric Acid Temperature Reaction Time Agitation Pectin Yield (g/5g) on dry basis
Concentration () (©) (i (REM) Experimental Predicted
1 2 90 130 350 1.1446 1.2045
2 90 110 450 1.4066 1.3266
3 25 85 120 400 1.3021 1.3919
4 90 130 450 1.3828 13317
5 2 80 130 350 1.0545 1.0630
6 15 85 120 500 1.2512 1.1249
7 15 85 120 400 0.8964 0.9977
8 15 85 100 400 1.0524 0.9926
9 15 85 120 400 0.9272 0.9977
10 L5 85 120 400 0.8681 0.9977
11 2 80 110 450 1.0792 1.1851
12 1 90 130 350 0.7702 0.8103
13 15 85 140 400 1.2007 1.0028
14 1 80 130 450 0.7681 0.7960
15 1 90 130 450 0.8342 0.9375
16 1 80 130 350 0.6412 0.6688
17 1 80 110 450 0.8722 0.7909
18 2 80 130 450 1.1437 1.1902
19 L5 75 120 400 0.9622 0.8562
20 15 85 120 400 1.1124 0.9977
1 1 90 110 450 0.7562 0.9324
2 90 110 350 1.4691 1.1994
3 2 80 110 350 0.8838 1.0579
4 L5 85 120 300 0.8740 0.8705
5 1 80 110 350 0.6945 0.6637
26 L5 95 120 400 1.0911 1.1392
27 15 85 120 400 0.9238 0.9977
28 1 90 110 350 0.8136 0.8052
29 0.5 85 120 400 0.6443 0.6035
30 15 85 120 400 1.1107 0.9977

Ierad IR s Ry or Sust sher: W e 22 (29.35%) 3R
T HeR 16 (12.82%) T Feiferd A | gHeh 3Yerrar, g8y Femdor
f&g (2.0N) TrEiee tfe v, 9o feuit fcwsa arowm,
119.99 e WA, 449.99 ARUITA Jfalaq) H, Tdt Ao
Tereaor 3uT (Teftenton. 1) o fore sramfa wieet a1 3uai oeh
26.09% hl TIeRE 0T U UTe <hY 7TE ot | 39 AIIET AiSe
TR WY 30 T §RT Sfewtterd 3ral o forat o | feemeor
Afoha o foTe STHTTa Hiee hl TelendT sEaH it & umm
TROTTHY (T 26.17%) FRT G 1 ST 8 1 gufo, arzfeen
TRre-aTiiees T Ufee Fertor 4 war <erdr § foh 7 dehien
Teh ST eI [T € | T8 Seora14 & foh 30 sreaa o ot
Ufee 1 feerdor so Tfiifees wirs STer (19.6%), H2S04
ITIR (16.13%), TIHITA ITAR (10.5%) §RT ¥a GHT F T
Uferest o forg feare fopy o aivort @ arferes ofi1 (18 ,6,48]1
It Teert U7 3UST & AT, TE hlai-oh Tarelteh faeemyoy farfer
TITaR0T 3 3Tl § ST BTi-ehTeh Ufre ¥ T § foraent sira w
TR R YHTd U oheT 2 |

YfgeT Aeg (%) = -1.33583 +0.394175% X1 +0.014153%*
X2+0.000255*X3 +0.001272*X4.... (1)
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traction process (using enzymes such as cellulase, en-
do-cellulase, pectinase, xylanase, endo- xylanase etc.)
have also been employed to break cell wall structure to
release pectin from raw materials. Although, the high
operational cost and non-recoverability of the enzyme
restricts commercialization of these biotechnologi-
cal methods [8-9]. Other non-conventional extraction
techniques that include the use of microwave, ultra-
sound and subcritical water have been applied for the
isolation of pectin, but limits their commercialization
on account of low pectin yield [10].

At present, need of purification as well as prob-
lem of depolymerization of pectin, limits the use of
hazardous mineral acids. Therefore, organic acids or
weak acids such as acetic acid, aqgueous ammonium
oxalate, citric, malic, tartaric acid are adapting in for
commercial pectin extraction [11-12]. Unlike, other
organic acids citric acid has comparatively better hy-
drolyzing capacity. Pectin extraction from apple pom-
ace, cocoa husks, and passion fruit peel with citric acid
have been reported previously, with comparable pec-
tin yield to those obtained from hydrochloric acid [13-
14]. Therefore, organic acids are considered as more
efficient approach for pectin extraction, due to their
low dissociation capacity which results in less pectin
depolymerization. Citric acid is discovered as least pec-
tin degrading (depolymerizing and de-esterifying) and
better extracting agent with marvelous gelling prop-
erties [15-16]. Alcohol (ethanol, methanol or isopropa-
nol) precipitation process is used to separate pectin
from aqueous acid extracts after acid treatment. As a
result, pectin is precipitated, separated, and after that
subsequent alcohol or acid-alcohol washings helps to
remove free sugars, salts, and other (acid-) alcohol sol-
uble compounds from the mixture, therefore produce
acid free pectin. Therefore, alcohol washing efficient-
ly remove sugar and other free components of small
molecular weight (i. e. monosaccharides and disaccha-
rides) because of their high alcohol-solubility or abili-
ty to pass through dialysing membrane pores [17-18].
Among these, ethanol is widely used to obtain pectin
from acid. As ethanol reduce the dielectric constant of
the solution, it leads to lowering pectin solubility in the
solution. Furthermore, ethanol is considered as best
pectin precipitating alcohol among others, owing to its
volatility, non-toxicity, operational safety, and low cost.
Therefore, the aim of the study was optimization of
process variables for pectin extraction to obtain the
best experimental conditions using four factors four
level central composite response surface design. The
four independent factors, that affecting the extraction
process was follows: citric acid concentration (N), time
(min), temperature (°C) and Agitation (RPM). Mean-
while, the objectives of this study were to examine the
physicochemical properties and other characteriza-
tions (FTIR, SEM, TGA, DSC, XRD, NMR) of apple pom-
ace pectin. The activities regarding extraction process
of pectin are written as below: Pectin Extraction and
recovery, and characterizations.

Central composite designed optimization and ex-
perimental data analysis: To optimize process vari-
ables of citric acid-assisted pectin extraction from
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Table 1. Design of experiments (DOEs) and experimental
results of the pectin yields.
Run Citric Acid Temperature Reaction Time Agitation Pectin Yield (g/5g) on dry basis
Concentration () (©) (i (REM) Experimental Predicted
1 2 90 130 350 1.1446 1.2045
2 2 90 110 450 1.4066 1.3266
3 25 85 120 400 1.3021 1.3919
4 2 90 130 450 1.3828 13317
5 2 80 130 350 1.0545 1.0630
6 15 85 120 500 1.2512 1.1249
7 15 85 120 400 0.8964 0.9977
8 15 85 100 400 1.0524 0.9926
9 15 85 120 400 0.9272 0.9977
10 L5 85 120 400 0.8681 0.9977
11 2 80 110 450 1.0792 1.1851
12 1 90 130 350 0.7702 0.8103
13 15 85 140 400 1.2007 1.0028
14 1 80 130 450 0.7681 0.7960
15 1 90 130 450 0.8342 0.9375
16 1 80 130 350 0.6412 0.6688
17 1 80 110 450 0.8722 0.7909
18 2 80 130 450 1.1437 1.1902
19 L5 75 120 400 0.9622 0.8562
20 15 85 120 400 1.1124 0.9977
21 1 90 110 450 0.7562 0.9324
22 2 90 110 350 1.4691 1.1994
23 2 80 110 350 0.8838 1.0579
24 L5 85 120 300 0.8740 0.8705
25 1 80 110 350 0.6945 0.6637
26 L5 95 120 400 1.0911 1.1392
27 15 85 120 400 0.9238 0.9977
28 1 90 110 350 0.8136 0.8052
29 0.5 85 120 400 0.6443 0.6035
30 15 85 120 400 1.1107 0.9977

apple pomace (AP), the best experimental conditions
comprise four factors four levels central composite re-
sponse surface design were selected. The four inde-
pendent factors (i. e. citric acid concentration, time,
temperature and agitation) with 30 runs (CCD) were
carried out with fixed SLR (1:25) level.

According to the Table 1, the highest and lowest
extraction yields were related to the run number 22
(29.35%) and run number 16 (12.82%), respectively.
Also, in the optimum extraction point (2.0N) citric acid
concentration, 90 °C temperature, 119.99 min time,
44999 rpm agitation), the extraction yield of 26.09%
was achieved using predicted model for AP pectin ex-
traction yield (Eq.1). This CCD model was evaluated by
all 30 runs on the mentioned conditions. The accuracy
of predicted model for extraction process ensured by
the results obtained (i. e. 26.17%) under optimal condi-
tions. Therefore, citric acid-assisted AP pectin extraction
shows that this technique is a highly efficient method.
It is noteworthy that the extraction yield of AP pec-
tin in this study was higher than the reported results
for the obtained pectin from apple pomace by acetic
acid treatment (19.6%), H2SO4 treatment (16.13%), HCL
treatment (10.5%) [18,6,48]. In addition to the high ex-
traction yield, this organic solvent extraction method
is eco-friendly and free from harmful acids that could
have negative impact on organisms.

Pectin Yield (%) = -1.33583 +0.394175* X1 +0.014153*
X2+0.000255*X3 +0.001272*X4 v (1)
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Sum of Mean F-value p value
Source Square DF square (Prob>F)
S
Mean vs Total  29.86 1 29.86
Linear — vs 445 4 0.2874 21.97 <0000  Sugeested
Mean
JFIvsLinear  0.0938 6 0.0156 127 0.3153
%’Iad“m VS 0.0204 4 0.0074 05412 0.7080
Cubie vs y1gp g 0.0147 120 0.4103 Aliased
Quadratic
Residual 0.0858 7 0.0123
Total 3134 30 1.04

Source Sum of DF Mean F value Prob>F
squares square
Model L15 4 02874 21.97 <0.0001 Significant
X 0.9322 1 0.9322 71.27 <0.0001
X2 0.1202 1 0.1202 9.19 0.0056
Xs 0.0002 1 0.0002 0.0119 0.9140
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Mean = 0.9977 Std. Dev. = 0.1144 C.V.(%) =11.46  Adeq Precision = 16.8838
R2=10.9599 Adj R2=0.7431 Pred R2=0.6751
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Table 2. Analysis of variance (ANOVA) using Sequential
Model Sum of Squares for pectin yield.

Table 3. Analysis of variance (ANOVA) for Pectin Yield us-
ing linear model.

Sum of Mean F-value p value
Source Square DF square (Prob>F)
S
Mean vs Total  29.86 1 29.86
Linear — vs 445 4 0.2874 21.97 <0000  Sugeested
Mean
JFIvsLinear  0.0938 6 0.0156 127 0.3153
%’Iad“m VS 0.0204 4 0.0074 05412 0.7080
Cubie vs y1gp g 0.0147 120 0.4103 Aliased
Quadratic
Residual 0.0858 7 0.0123
Total 3134 30 1.04

Source Sum of DF Mean F value Prob>F
squares square
Model 115 4 02874 21.97 <0.0001 Significant
X 0932 1 0932 7127 <0.0001
X 01202 1 0.1202 9.19 0.0056
X3 00002 1  0.0002 0.0119 0.9140
X 00971 1 00971 742 0.0116°
Residual 3370 25 00131
Lackoffit 2670 20 0.0134 112 0.4967 not significant

Pureerror 90593 5 0.0120
Cor Total 148 29

Mean = 0.9977 Std. Dev. = 0.1144 C.V.(%) =11.46  Adeq Precision = 16.8838

R2=10.9599 Adj R2=0.7431 Pred R2=0.6751

Moreover, citric acid is a food grade GRAS certified or-
ganic acid and can be easily recovered after treatment.
The analysis of variance (ANOVA) applied to check the
significance level and accuracy of the fitted models
and the results were given in Table 2. P- value < 0.05
and 0.01 suggest that model terms are significant and
highly significant, respectively. The compatibility of the
model is also significant if the F- value is 2 6. In the re-
sults, high F-value i. e. 21.97 for pectin extraction yield
and low P-value i. e. 0.0001 were found and also insig-
nificant lack-of-fit clearly indicated that the predicted
models are significant and the suggested linear model
was well-fitted with the obtained data. Furthermore,
the determination coefficient for pectin extraction
yield (i. e. 95.99 %) was found high and exhibited that
the relationship between variables and responses can
be explained precisely and accurately by the proposed
models. According to the above-mentioned results,
the proposed linear model is perfectly suitable for pre-
diction of the relationship between independent vari-
ables and responses and there is no need for higher-or-
der models.

Scanning electron microscopic (SEM) study of pectin:
Scanning electron microscopy (SEM) was used to ob-
serve morphology of high methoxyl pectin and extract-
ed apple pectin. Both pectins consisted of tubular and
some irregular shaped particles of up to 500 um in
length. The morphology of pectin was found different
in both cases. EAP particles appears in discrete elon-
gated form whereas commmercial high methoxyl pec-
tin particles appear in cluster form. The SEM images
(Figure 3) showed that the commercial high methox-
yl pectin and extracted apple pectin looks crystalline
and amorphous in nature but have rough surface with
presence of large number of grooves.

Thermogravimetric analysis (TGA): Thermogravimet-
ric analysis of both high methoxyl pectin and extracted
apple pectin showed weight loss against temperature
and the results were given in Figure 4 and 5. It was
observed that the thermogravimetric curves of both
the pectin were similar to each other, and they had
three regions (50-190 °C, 190-400 °C and 400-650
°C) that also reported in other studies. A slow weight

Pectin Yield ()

Figure 4. 3D contour graphs of pectin extraction with influencing parame-
ters (Concentration of citric acid and Reaction temperature).

Predicted vs. Actual

Figure 5. Scatter plot of predicted value
vs actual value from RSM design.
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loss occurred due to the evaporation of water in the
first region (50-190 °C). In the second region (190-400
°C), a quick weight loss ("50%) occurred due to the
decomposition of the polysaccharide. In the third re-
gion (400-650 °C), slow weight loss was observed due
to the decomposition of the char. The decomposition
rate was maximum temperature, was determined as
ranged from 190 °C to 249 °C for both pectin (HMP and
EAP). The total mass loss in both cases was observed at
800 °C. Among the both pectin studied, extracted HMP
showed the highest thermal stabilities as compared to
EAP. Therefore, results showed that pectin obtained
from different origin and different sources can have
different thermal properties and stabilities.

Differential Scanning Calorimeter (DSC): Differential
scanning calorimetry (DSC) record the difference in
the heat flow or enthalpy change takes place between
the sample and an inert reference material as a func-
tion of temperature or time, while both samples (HMP

and EAP) are subjected to controlled temperature pro-
gram. Figure 6 and 7 shows the DSC results of both
high methoxyl pectin and extracted apple pectin. DSC
heating thermograms of the commercial high methox-
yl pectin and extracted apple pectin exhibit endother-
mic changes within the range of temperature studied.
The endotherm is an indication of the course of fusion
or melting and the melting peaks of the commercial
high methoxyl pectin and extracted apple pectin were
observed in the temperature range 260 °C-350 °C.

Fourier Transform Infrared Spectroscopy-Attenuat-
ed Total Reflection (FTIR-ATR): To confirm the iden-
tity of the EAP of apple pomace, FTIR spectra of ex-
tracted apple pectin compared with CP and HMP.
The FTIR spectra showed in figure 8-9 represent the
functional groups and the structural information of
the commercial pectin and all the AP extracted pectin
respectively. The peaks in their spectra were observed
between 3600-3200 cm-1 corresponds to H-bonded,

» —
eak = 204.45°C
a = 1563.3658 mJ
H = 2254820 Jig

Tomparanure (C)

= 100 0 00 ax P S 00 o6

400
Temgaranare ()
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Figure 7. TGA graph of high methoxyl pectin (HMP).
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Figure 8. TGA graph of extracted apple pomace pectin
(EAP).
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Figure 9. DSC graph of high methoxyl pectin (HMP).
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Figure 10. DSC graph of extracted apple pectin (EAP).

O-H stretch, the characteristic peaks for the poly- hy-
droxy compounds, which indicates the presence of a
large number of OH groups. The peaks correspond to
the CH, CH2, and CH3 stretches of galacturonic acid
methyl esters were observed at about 2950- 2900 cm™’
in commercial low methoxyl pectin, high methoxyl
pectin and AP extracted pectins respectively. The ab-
sorbance between 2650- 2000 cm™' shows presence of
C-C stretch of carboxylic acids, terminal alkynes and ar-
omatic compound. It is reported that because of large
O-H stretching response occurring in a broad region
(3600 cm™ -2500 cm™), the O-CH2 activity is masked
and therefore is not a reliable indicator of methoxyl-
ation. The peaks between 1740-1680 cm-1 in HMP
and EAP extracted pectin is due to the C= O stretch ob-
served in the ester, derived from acetyl (COCH3) group.
The absorbance at about 1600-1490 cm-1 shows C-C
stretch, which correspond to the presence of aroma-
ticity (C-C stretch) in the ring, and the bands at 1450-
1380 cm™ shows C-H bending, indicate the presence
of CH3 groups. The peaks between 1320 -950 cm™'

shows C-O stretch indicated by the presence of alco-
hols, carboxylic acids, esters and ethers. These regions
(1320 -950 cm™) permits the detection of major func-
tional groups in polysaccharides and therefore, known
as the finger print region of carbohydrates [19-22]. The
frequency between 900 cm-1 to 675 cm™ attributes
to an aromatic C-H out of the plane vibration. It was
observed that the FT-IR spectra of both EAP and HMP
the pectin had characteristic pectin peaks.

Automated multipurpose x-ray diffractometer (XRD)
analysis: XRD (X-ray diffraction) diffractograms provid-
ed structural information of the both commercial high
methoxyl pectin and extracted apple pectin (figure 10-
11). In XRD (X-ray diffraction) diffractograms, the crys-
talline material shows the series of sharp peaks, while
amorphous product produces a broad background
pattern [23-24]. In the previous studies, it has been re-
ported that pectin has characteristic peaks in the X-ray
diffractogram associated with the pure pectin crystal-
linity at 13.56°, 22.56° [25], 9°, 12.7°, 18.42°,28.22°, 40.14
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Figure 11. FTIR Spectrum of high methoxyl pectin
(HMP).
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Figure 13. XRD diffractograms of high methoxyl pectin
(HMP).

10

: 3
T T T T T 1
20 40 50 60 70 80 90

Figure 14. XRD diffractograms of extracted apple pec-
tin (EAP)

[26], 12.72°, 16.30°, 18.45°, 25.32°and 40.14° (26) [27].
The sharper and narrower diffraction peaks show the
crystallinity of pectin [28-29]. It was observed that ex-
tracted apple pectin (EAP) has shown sharp and nar-
row diffraction peaks and broad background amor-
phous region like high methoxyl pectin.

Nuclear magnetic resonance (NMR) analysis: The
TH NMR spectrum of the pectin sample solutions is
shown in Figure 12. The 0-3.6 ppm spectral region
was removed, since it contained no pectin signals. The
spectrum of the pectin sample presented a sharp sig-
nal at around 3.68 ppm, attributed to the protons in
the methoxyl groups of the esterified pectin. Signals
between 3.60 and 3.90 ppm were assigned to H-2 and
H-3 in EAP and HMP, respectively. Despite shifts of the
signals, the spectrum obtained here was similar to the
profiles reported where the H-2 and H-3 protons ab-
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Figure 15. Nuclear magnetic resonance (NMR) graph of
(a) EAP and (b) HMP respectively.

sorbed at around 3.7 and 4.0 ppm, respectively [30-32].
The H-4 proton absorbs at around 4.4 ppm, producing
two signals that may be shifted slightly towards lower
values, depending on the DE. In case of, EAP and HMP,
sharp signals at 4.45 and 4.55 representing H-4 proton
signals, respectively. The signals for H-1 and H-5 pro-
tons adjacent to ester groups are at around 5.0 ppm,
with values obtained here of 5.0 and 5.3 ppm for EAP
and HMP, respectively.
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mands alternative, sustainable resources, poten-

tially substituting existing commodity fuels and
chemicals to keep the value chain. Among sustainable
lignocellulosic biomass, the transformation of agro-res-
idues, such as rice straw, encounters a major challenge
due to having high silica content, apart from its recal-
citrant nature. In 2017, the global production of rice
was estimated to be 760 million tons (MT), affording

Q steady decline of confined fossil resources de-
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~1.2 times straw as underutilised waste, and In India,
~112 MT of rice straw is produced every year. Present-
ly, no suitable and economical way of disposal exists
after being harvested from the field, emphasising the
importance of converting rice straw into value-added
bioproducts, such as biosurfactants, which not only al-
leviate the environmental issues but also enhance the
value of underutilised rice straw. It, therefore, is vital to
find out a suitable pretreatment approach for isolating
the biopolymers from silica in rice straw. Hence, we re-
port the production of cellulose (CEL) from rice straw
based on two-step approaches. The first one (method
1) is base -organosolv treatment to obtain CEL in the
presence of organic acid. The second one (method 2)
is an organosolv-base treatment to get CEL. The ob-
tained crude CEL from the best method is converted
to butyl glucoside to signify the removal of silica. The
research work presented here has been published in
ACS Omega (DOI: 10.1021/acsomega.1c04030).

Organosolv-alkaline pretreatment: an approach to-
ward cellulose production from rice straw

Rice straw sample preparation: Initially, native rice
straw was soaked in deionized water overnight, thor-
oughly washed with water to remove dust, and dried
at 40 °C in an oven. The dried rice straw was then
ground to a size of ~3 mm using a super mass colloider
grinding machine (Masuko sangyo co. Ltd) and dried at
40 °C in a vacuum oven until no changes in the mass.
Finally, it was kept in an air-tightened bag in a desic-
cator before use.

Base pretreatment: In a soxhlet apparatus, the re-
moval of extractives (waxes, chlorophyll, and other
minor components) from native rice straw was first
performed in ethanol. After the treatment, the solid
part was filtered off, washed with a copious amount
of water and ethanol, and dried at 40 °C in an oven,
and the obtained sample was denoted as ‘“rice straw”
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Figure 1. Schematic representation of rice straw treatment with two different two-step approaches.
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SRD SPA Silica Silica
(Wt%) | (wit%)* | (wi%)@ | Removal (%)@
Rice straw - 11.3 10.5 -
NaxCOs 74.4 4.9 6.6 37.1
NaHCO3 67.9 5.6 9.8 6.6
Urea 67.9 6.5 -
NaOH 69.8 2.8 2.8 73.3

Base
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% 578 a1 e CEL 1 3fera a1, Iowrivar Tiie ST sgesiet §
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(Mrétesie i fafq: 100 fefiam =Taet &1 9@, 0,07 M a4, 10 ml W, 70
0C, 4 ¥%, *SRD % Sewiaer 2 a15; @ TGA fersior 7z e




which was used for further treatment. The effect of
base treatment on removing silica from rice straw and
silica-intertwined cellulose (S-ICEL) was examined with
various bases, such as sodium carbonate, sodium bi-
carbonate, sodium hydroxide, and urea. 100 mg of rice
straw was taken in 0.07 M aqueous solution of a base
(10 mL) in an ace pressure tube and heated to the set
temperature using an oil bath for a specific time with
600 rpm. The solution was then quenched to room
temperature, filtered off, and washed with water until
reaching neutral pH. The solid sample was then dried
at 40 °C for 24 h in a vacuum oven and then kept in a
desiccator, and the obtained solid sample was denot-
ed as an “SRD". The quantification of SRD was done
as follows; the amount of solid sample recovered af-
ter the treatment was divided by the amount of dried
rice straw taken. The amount of silica present in the
rice straw and the SRD was quantified based on TGA
analysis. The post-treatment of S-ICEL, obtained from
the first step of method 2, was performed under the
conditions optimized in the first step of method 1 to
get “base-treated cellulose (B-TCEL)".

Organosolv pretreatment: Organosolv pretreatment
experiments were done in an acid digestion vessel
with a 45 mL thick-walled PTFE liner. Rice straw (500
mg) and 5 mL of 0.1 M organic acid in an ethanol/
water (1:1) mixture were taken in a Teflon lined vessel
and tightly closed. The vessel was then placed on an
oil bath with a hot plate and magnetic stirrer, heated
to the set temperature for the required time with a
stirring rate of 600 rpm. After treatment, the vessel was
cooled down to room temperature, and the reaction
mixture was then filtered off to collect both solid frac-
tion and the filtrate. The solid part was then washed
well with an ethanol/water (1:1) mixture. An aliquot of
the filtrate portion was analysed high-performance lig-
uid chromatography (HPLC) to understand the forma-
tion of downstream products. The filtrate was diluted
further with deionized water for enhancing LIG separa-
tion from HEM. The obtained solid part was S-ICEL, and
the filtrate contained HEM and LIG. The filtrate portion
was kept in a refrigerator until LIG precipitated, centri-
fuged, and quantified after dried at 40 °C in an oven.
The leftover supernatant liquid portion was HEM and a
minor amount of organic acid, quantified after remov-
ing the solvent using a rotary evaporator. The S-ICEL
was washed and dried in a vacuum oven at 40 °C for
24 h. The yields of all isolated components were calcu-
lated by measuring their masses on a weighing scale
based on vacuum oven-dried samples. Similarly, the
obtained SRD from the first step in method 1 was sub-
jected to organosolv treatment under the conditions
optimized in the first step of method 2.

Conversion of CEL to butyl glucosides: An appropriate
amount of rice straw or crude CEL obtained from the
best method, and the required amount of sulfuric acid
in butanol was taken in a 100 ml stainless steel vessel.
The vessel was then flushed with N2, pressurized to 20
bar N2, and heated to the desired reaction tempera-
ture for a specific reaction time. After the completion
of the reaction, the vessel was cooled down to room
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temperature, and then aliquots of the reaction mix-
tures were analyzed in HPLC, as mentioned above. The
removal of silica from rice straw to obtain CEL was per-
formed by adopting two different two-step approach-
es, as shown in Scheme 1. The first method adopted
was pretreatment of rice straw with a base to obtain
SRD, followed by organosolv treatment with a mild or-
ganic acid in an ethanol-water mixture to get CEL. The
second one was the organosolv pretreatment of rice
straw with a mild organic acid in the ethanol-water
combination to isolate S-ICEL, followed by base treat-
ment to obtain CEL.

Base-organosolv treatment (Method 1): Influence of
base (Step 1): Apart from the recalcitrant nature of rice
straw due to its complex structure of components, the
outer surface is predominately covered with a silica
layer, thus emphasizing that silica removal is impera-
tive. It is known that bases are generally being used in
the desilication processes. The rice straw was initially
treated with an agqueous solution of various bases, such
as NaOH, NaHCO3, Na2CO3, and urea, and the results
are presented in Table 1. Among the bases employed,
NaOH with a concentration of 0.07 M was found to be
suitable for removing silica efficiently from rice straw
without compromising the degradation of significant
components at 70 °C for 4 h, as confirmed by sub-
jecting the supernatant liquid samples to HPLC and
UV-visible spectroscopy analysis for sugar components
and LIG, respectively. The amount of silica present be-
fore and after the base treatment (SRD) was quantified
by subjecting the samples to TGA analysis in air and
found that NaOH favoured the highest removal of silica
(73.3%) compared to other bases. After the treatment,
SRD composed of CEL, HEM, and LIG was calcined at
575 °C for 24 h, and the leftover was predominantly
ash, suggesting that the base treatment removed silica
efficiently.

Analysing SPA-derived from rice straw and SRD
would indicate the degree of silica removal from rice
straw. Figure 1 shows the FTIR spectra of SPA-derived
from various base-treated rice straw. The peak ap-
peared at 1071 cm-1 ascribed to Si- O-Si, which sig-
nificantly shifted to a lower wavenumber when using
NaOH for desilication compared to other bases. The

Table 1. Schematic representation of rice straw treat-
ment with two different two-step approaches.

Base SRD SPA Silica Silica
(Wt%) | (wit%)* | (wi%)@ | Removal (%)@

Rice straw - 11.3 10.5 -

NaxCOs 74.4 4.9 6.6 37.1

NaHCO3 67.9 5.6 9.8 6.6

Urea 67.9 6.5 - -

NaOH 69.8 2.8 2.8 73.3

Pretreatment conditions: 100 mg rice straw, 0.07M base, 10 mL
water 70 °C, 4 h.
*After calcination of SRD; @based on TGA analysis.
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Figure 2. FT-IR spectra of a) SPA-derived from rice straw
and the SRD obtained after base treatment of rice straw
b) NaOH, c) Na2CO3, d) NaHCO3 and e) Urea.

treatment with different bases, such as sodium car-
bonate (pH-10), sodium bicarbonate (pH-8), and urea
(pH-7), showed a significant amount of silica might
have remained intact with rice straw and deposited
on the surface, which could be challenging to be re-
moved. It is known that NaOH can efficiently react with
silica on the surface of rice straw to form potentially
sodium silicate compared to other bases to form their
corresponding salt. The effective removal of silica from
rice straw using base treatment was substantiated fur-
ther by calcining the rice straw samples at 575 °C for
24 h. The FTIR spectrum of NaOH treated rice straw
clearly showed silica removal compared to rice straw
(Figure 2). The FTIR spectra of NaOH-treated rice straw
displayed peaks corresponding to the -OH groups of
CEL and HEM (3200-3400 cm-1), -CH stretching of CEL,
HEM, and LIG (2900 cm-1), C-O and O-CH3 stretching
of LIG (1268-1470 cm-1) compared to rice straw (Fig-
ure 2a, b), suggesting that the silica removal enhanced
the corresponding characteristic peak of the major
components, leaving behind the peaks predominately
corresponding to ash. For instance, all the peaks corre-
sponding to organic moieties present in the rice straw
samples (3400, 1720, 1619, 1268, and 901 cm-1) dis-
appeared after calcination. Moreover, the peak at 1071
cm-1 ascribed to Si-O-Si stretching significantly shift-
ed to a lower frequency of 1042 cm-1, suggesting the
removal of silica from rice straw (Figure 2c, d).

Organosolv treatment of SRD (step 2): It has been
shown that base pretreatment effectively influenced
silica removal from rice straw (vide supra). As treating
rice straw with NaOH showed efficient removal of sil-
ica, SRD was subjected to the optimized organosolv
treatment conditions, as shown in method 2. Treating
rice straw with ag. NaOH followed by organosolv ap-

. m
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Figure 3. FT-IR spectra of a) rice straw, b) SRD, c) SPA
derived from rice straw after thermal treatment and d)
SPA-derived from the SRD after thermal treatment.

proach (ethanol-water mixture as a solvent and lactic
acid as a catalyst) afforded only 28.3 wt% CEL, 16.4 wt%
HEM, 2.5 wt% LIG and 6.0 wt% SPA (Table 2). According
to the NREL procedure, rice straw possessed 42.9 wt%
CEL, 239 wt% HEMs, 16.7 wt% LIG and 11.5 wt% SPA.
These results indicated that NaOH followed by orga-
nosolv treatment significantly decreased the yield of
CEL emphasizing adopting an alternative approach to
enhance the yield of CEL.

Organosolv-base treatment (Method 2): Influence
of organic acid (Step 1): Method 1 (base-organosolv
treatment) showed a relatively low CEL yield obtained
from rice straw compared to the actual amount as-
sessed by the NREL procedure. Thus, it was set to ex-
plore method 1 other way around: first organosolv
pretreatment, followed by base treatment (method 2).
The organosolv pretreatment of rice straw with various
organic acids was initially investigated in an ethanol-
water mixture at 160 °C for 4 h, and the results are
summarized in Table 3. Among the organic acids em-
ployed, lactic acid was found to be yielding an optimal
amount of major components; S-ICEL (49.9 wt %), HEM
(26.0 wt %), and LIG (7.2 wt %). This could be due to the
intermittent pKa (acid dissociation constant) value of
lactic acid and the order of pKa of used organic acid as
follows: levulinic acid > acetic acid > lactic acid > formic
acid > oxalic acid: 4.78 > 4.76> 3.86 > 3.75>1.2.34 The
amount of HEM (26.0 wt %) obtained from rice straw
was slightly higher than the actual amount, indicating
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Method Treatment SRD CEL HEM LIG SPA
(Wt%) | (wt%o) (Wt%) (wt%) (wt%o)*
NREL Rice straw NA 42.9 23.9 16.7 11.5
Method 1 | Step 1: NaOH 70.6 - - - -
Step 2: Organosolv | NA 28.3 16.4 2.5 6.0
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Organic acid S-ICEL (wt%)* | HEM (wt%)® | LIG (wt%)$
Lactic acid 49.9 26.0 7.2
Levulinic acid 51.5 37.2 0.4
Formic acid 61.0 29.8 0.4
Acetic acid 67.3 27.9 1.9
Oxalic acid 45.5 44.7 0.4
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Table 2. Effect of combined treatment on rice straw

Method Treatment SRD CEL HEM LIG SPA
(Wt%) | (wt%e) (wt%) (wt%) (wt%)*
NREL Rice straw NA 42.9 23.9 16.7 11.5
Method 1 | Step 1: NaOH 70.6 - - - -
Step 2: Organosolv | NA 28.3 16.4 2.5 6.0

calcinated at 575 °C for 24 h

Reaction Condition: 500 mg rice straw. Base treatment condition (step 1): 0. 07 M NaOH, 50 mL, 70 °C, 4
h; Organosolv condition (step 2): 15 mL of 0.1 M lactic acid in the ethanol: water (1:1), 160 °C, 4 h, Com-
positions percentage calculation is based on the oven-dried weight of each sample. * based on SRD

that the catalytic amount of organic acid could also
partly contribute to the slight excess of HEM content.
Moreover, a part of LIG is still intact with HEM (Figure
3c); corresponding peaks appeared at 1507 and 1420
cm-1, which could also partly contribute to enhance
the yield of HEM than the actual amount according to
the value obtained from the NREL procedure.

It is known that the lower the pKa of acid, the high-
er the strength of the Bronsted acid, which readily gives
up the protons and could facilitate the disintegration
of the significant components in rice straw. About this,
oxalic acid has lower pKa than lactic acid, inferring that
oxalic acid can readily donate protons into the solu-
tion, which could efficiently catalyse the disintegration
process. However, lactic acid afforded optimum S-ICEL,
HEM, and LIG yields, suggesting that having a moder-
ate pKa value would be appropriate for disintegrating
these three major components. In addition, lactic acid
has a hydroxyl group that could facilitate the hydrogen
bonding network between lactic acid and the hydroxyl
moiety present in rice straw components, thus improv-
ing the disintegration compared to other organic acids
employed. Moreover, this organosolv pretreatment in
the presence of lactic acid resulted in the liberation
of a hemicellulosic content (26.0 wt %) and LIG (7.2 wt
%) as ethanol acts as a delignification solvent to some
extent, and no other acids yielded more than 2.0 wt %
LIG.

Rice straw is predominantly composed of CEL, HEM,
LIG, and silica, containing various functional groups

Table 3. Isolation of components in the presence of var-
ious organic acids.

Organic acid S-ICEL (wt%)* | HEM (wt%)® | LIG (wt%)®
Lactic acid 49.9 26.0 7.2
Levulinic acid 51.5 37.2 0.4
Formic acid 61.0 29.8 0.4
Acetic acid 67.3 27.9 1.9
Oxalic acid 455 44.7 0.4

Reaction condition: 500 mg rice straw, 15 mL of 0.1 M organic
acid in ethanol: water mixture (1:1), 160 °C, 4 h. Ssee the experi-
mental procedure for the separation of HEM and LIG

(e.g., -OH, -C=0, -CHO, -C=C-, and Ar) and can be
monitored by FTIR analysis. Figure 3 shows the spec-
tra of S-ICEL, HEM, LIG, and rice straw with character-
istic peaks assigned to a particular functional group of
the major component. Broadbands at 3200-3400 and
2900 cm-1 were assigned to O-H and C-H stretching
of CEL, respectively (Figure 3b). It is known that a §-1,4
glycosidic linkage bridges glucose units in CEL, and
the corresponding characteristic peaks of C-H bending
(rocking vibration) and C-O-C bridging (antisymmet-
ric) stretching bands at 902 and 1157 cm-1, respec-
tively, were observed. The sharp peak that appeared at
1057 cm-1 can be ascribed to the stretching frequen-
cy of secondary alcohol with a -C-O- group and ether
functions in CEL.38 The absorption bands at 2900 and
1373 cm-1 can be ascribed to C-H stretching (glucose
unit) and C-H deformation vibrations in CEL, respec-
tively. The intactness of silica with CEL was confirmed
by the appearance of a peak at 786 cm-1 for Si-O-Si.
However, the FTIR spectrum of S-ICEL is not the com-
plementary technique to substantiate the complete
removal of HEM and LIG, as it has been very challeng-
ing to distinguish between the functional groups of
components.

In the cases of HEM and LIG fractions, a peak
at 1720 cm-1 was observed and ascribed to the C=0O
(unconjugated keto group) group present in these
components (Figure 3c,d). As HEM is primarily com-
posed of xylan, the corresponding absorption peak was
observed at 1040 cm-1 for both linear and branched
(1-4)-B-xylan (arabinoxylans and glucuronoxylan). The
separation of LIG from other components was con-
firmed by the appearance of a peak at 1507 cm-1,
which can be ascribed to the C=C aromatic skeleton
vibration, which was absent in CEL and HEM frac-
tions. A band at 1420 cm-1 can be assignhed to the
C-H deformation of methyl and methoxy groups. LIG
is comprised of mainly syringyl (C-O), guaiacyl (C-O
aryl group), and the corresponding peaks appearing
at 1328 and 1268 cm-1, respectively (Figure 3d). All
the characteristic peaks of the major components ob-
tained from FTIR spectra are in line with the distinct
peaks of rice straw. However, the FTIR spectra of these
significant components do not provide substantial evi-
dence for their complete isolation.

Base treatment of S-ICEL: As it has been shown that
base pretreatment effectively influenced silica removal
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U o forg FSieR 38T ST wehar €, St CEL 31k HEM 3iei
T STUfRIT 911 1420 cm-1 TR Teh o€ i Hemear 3R Aot
el & C-H faruor &t diur <77 @bt €1 LIG & 77 &9
TS (C-0), guaiacyl (C-O aryl group), 3R Gsifara
et s 1328 3R 1268 cm-1 W fe@rs 3 € (o 38) 1
FTIR el ¥ WTH W@ Heehi o g4t faftre e @@ & 9
1 3TETT - 3TeTT ST o STTET & | BTeTiTh, 3 HEeayul 6eehl o
FTIR et 3o YU 3T o fole qafH 9182 9gH Fef shid €|
S-ICEL a1 o 3uam: ST foh 7 feraman mam @ o g Widiesiz
3 =9t & 9@ Y Ryfcrent ger A wome én § wenfaq fopan @

(fafer 1 7 =207 1, IR W), sTiAETed Welede & a8 aq9R
T 3R T § | 2k SteTTaT, 9T o 38 ot o (NaOH)
ITETRE & &8 aﬁﬁ@w@aﬁwﬁﬁﬁwaﬁwﬁ
31 W BT ST GehdT © | BTeliioh, 99 SUIR T haieEse (2-3
Wt%) 3 LIG (5.1 wt%) eht "garyul &1+ @t ¢ 5t 58 HPLC
3R UV farsioor ga et | 39 wehr, CEL, HEM 3R LIG fiRrere
! &HH T o Tl 9 TR & &g ATEIed Weede sl
3t &, st afcorm arforent 4 5 wega fopg e & | NREL wfshan
STIUR, =19 3 998 7 42.9 wt% CEL, 23.9 wt% HEM, 16.7
Wt% LIG 3R 11.5 wt% SPA BT & | NaOH o T1e =iTeiet 3 3

IR 4. AT o A T TR TG 3 ITR HT A7
Silica
CEL HEM LIG SPA
Method Treatment removal
(Wt%) (Wt%) (wt%) (wt%) ,
(%)@
Rice  straw
NREL 429 23.9 16.7 11.5% 10.5
(NREL)
Step 1: | -
NaOH ) ) )
Method 1
Step 2:1283
16.4 02.5 06.0 87.6
Organosolv | (19.8)*
Step 1: | 49.9*
26.1 07.2 - -
Organosolv
Method 2
Step 2:136.6
. 05.9 90.4
NaOH (28.3)
(wrfrtsma bt fRufd: 500 et =raret o1 9@ | AT Ted ¥1d: 3497 H 0.1 M shleli-eh 375 3T 15 ml: 9 (1:1), 160 °Cﬂ%'a% FTYR IR ] T 0. 07
M NaOH, 50 ml 9T, 70 °C, 4 5 | T STqerd oM 3Aie-g@ W AT A F AN | * S- ICEL # =Taiel 3 978 3 3115 W 24 52 % 10 575 °C
T ShoriTde T $ CELa'?raT@ﬁmrrﬁrrﬁa'c;% CEL 3i9 NREL Wfzham @ amenfia 81 @ TGA R v e 1)
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Figure 4. FT-IR spectra of a) rice straw, b) S-ICEL, c) HEM, and d) LIG.
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from rice straw (step 1 in method 1, vide supra), experi-
ments have been performed accordingly after the orga-
nosolv pretreatment. Moreover, treating rice straw with
base (NaOH) followed by the organosolv approach led
to efficient removal of silica. However, significant loss
of carbohydrate (2-3 wt%) and LIG (5.1 wt%) based on
HPLC and UV analysis, respectively, was observed due
to its solubility in the basic medium. Thus, it is worth
performing organosolv pretreatment, followed by base
treatment to alleviate CEL, HEM and LIG degradation,
and the results are presented in Table 4. According to
the NREL procedure, rice straw possessed 429 wt%
CEL, 239 wt% HEM, 16.7 wt% LIG and 11.5 wt% SPA.
The treatment of rice straw with NaOH followed by or-
ganosolv approach (ethanol-water mixture as a solvent

and lactic acid as a catalyst) afforded only 28.3 wt%
CEL, 16.4 wt% HEM, 2.5 wt% LIG and 6.0 wt% SPA.
Interestingly, the silica removal was performed
the other way around, that is, organosolv pretreatment
followed by base treatment, gave 36.6 wt% CEL, 26.1
wt% HEM, 7.2 wt% LIG and 5.9 wt% SPA, inferring that
this reverse approach ultimately lessens the degrada-
tion of CEL (36.6 wt%) (Table 4) which is only 8.3 wt%
lower than the CEL content obtained using NREL pro-
cedure. In addition, the recovered amount of HEM and
LIG improved, inferring that using the base during the
second step could diminish the degradation of CEL,
thus enhancing the CEL content. Hence, this approach
(method 2) was more suitable than pre-base treatment
(method 1) for the disintegration of rice straw and gave

Table 4. Effect of pre and post base treatment on rice straw

Silica
CEL HEM LIG SPA
Method Treatment removal
(Wt%) (Wt%) (wt%) (wt%) ,
(%)®
Rice  straw
NREL 42.9 239 16.7 11.5% 10.5
(NREL)
Step 1: | -
NaOH
Method 1
Step 2:1283
16.4 02.5 06.0 87.6
Organosolv | (19.8)*
Step 1: | 49.9*
26.1 07.2 - -
Organosolv
Method 2
Step 2:136.6
- 05.9 90.4
NaOH (28.3)

Reaction Condition: 500 mg rice straw. Organosolv condition: 15 mL of 0.1 M organic acid in Ethanol: water (1:1), 160 °C, 4 h, Base
treatment condition: 0. 07 M NaOH, 50 mL water, 70 °C, 4 h. Compositions percentage calculation is based on the oven-dried
weight of each sample. *S-ICEL. #on the basis of rice straw calcinated at 575 °C for 24 h. $ The actual amount of CEL present in
the CEL fraction is based on the NREL procedure. @based on TGA analysis.
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21 5: NaOH SU=IR 3 ugel 31 &g § CEL % XRD Yo

% IUER & A8 A ed gi¥ehv (cifdeeh Tfig T I3
% ®U H R AT TA-T1 o1 Y07 % &9 H Ueh faeirdeh) oheol
28.3 Wt% CEL, 16.4 wt% HEM, 2.5 wt% LIG 37 6.0 wt%
SPA e ST B |

TereTeren a1t 7re & Top fafcrent germ ot gt adies @ foram
ofT, I ATTEIed WEtehe & oG 9 2iehie 4 36.6 wt% CEL,
26.1 wt% HEM, 7.2 wt% LIG 31 5.9 wt% SPA f&a, @
Sooid i g ok 7 o wiia sfqa: s+ gl ST € | CEL (36.6
Wt%) (TfeTeT 4 ) ohT 3TershH 0T, St NREL Wisha ohl ST ohich
oTH CEL 9Tt § shalet 8.3 Wt% ¥ & | 38eh 3etrar, HEM 37X
LIG &1 aXrg T & GoR a7 €, % e g foh gt awor
ZR 99 a1 3TANT CEL 1 FR1ae ol i o TehdT 8, 39 Weh
CEL 9T} <hl a1g1 Gehd § | 29fel, 78 gi¥ehivn (fafér 2) =maet
o Y o faraest o forg qa-a9 swam (ot 1) ¥ sifees sugeh
o7 3R T o, g fafeE 1 3R 2 A TuetTehd e o,
CEL 3R HEM S 31=7 3791} o 31¢0= & NREL 3R UV farsior
& forg 3T T T LIG 3 88.0 31X 78.4% shAen: qU 0% §
STaTaeE 9 | 9 e, Tt 2 § udt gerdn § o araw o a
T 90.4% Tafcist ge & gro-g1y LIG 3k HEM bl g2 &
1 82 ferd CEL i 3o 30T UTH & o forg, BTfret o
2T o (aifeieRt 4)1 B-TCEL ot XRD fasiwor & a1efia et
W, foreea-fifel €3 NaOH ST=R & 18 59.4% U s@eht
61.8% B 71T (ot 4) | T STFAT T 72 € o6 o SweR o
CEL 3 Twepy 319Tq 3T e &0 3 g1 gé ¥, 39 wepr et
Taté o srgey Hamans ¥ iy g 3

CEL <1 #7a: T3 2 @ e CEL 3iw1 7 HiS[g "eehl ol Jgk
o ®y § fuiiea forar mar ani fafer 2 9 wig B-TCEL =i a@iet
genfera NREL wishan b 3reie fopam mma o, 5w 50 foefiom
B-TCEL &t 0.5ml 72% Fefieh Tfie & 91 15ml ace IR
e  fora 7 o1 3R 250C T 1% 3 forg Suem fomam ma o
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5.7ml feraTraiepd a1 ol &er & et 7, 80°C W oil bath
T 7@ AT 3T 5 5 ek a1 7T | A5 3 371 ot HPLC (7
w9 Y vE) H Tt a¥e I faswor fema mmam ofi wran wa fh
SRD 78.0 wt% CEL, 14.4 Wt% HEM, 2.4 wt% LIG 3R 4.5
Wt% SPA ¥ 99.3% & ZE7HTT Ugeld ¥ 1 1| LIG 3R SPA
1 VAT ST AT <A1 3e0rd NREL Ufshar o 1R fora
o1 | zwen rerran, fafdr 2 a1 SuaT sheeh S amae o @
Y uTe CEL 91ae o 54 o Heit 7 66.0 wt% T | 341 v, fafyr
19 e CEL 70.3 wt% CEL 3R 15.1 wt% HEM, 6.0 wt%
LIG 37 3 wt% SPA ¥ 57 91| faifr 1 9 gwie CEL 3ad 46.2
wt% T 59 U, fafer 2 o1 3uai ek arae o 9§ ¥ gt
Aeeliieh gesh Th AR G €, eretiien, Fohe-
HTATER TARTTH 9TH i o folg Jegenifen Heeht ohl aget! §
QR T SR ¢ |
CELaﬂmﬁrWﬁW ferere 3 e i faforent
1 T TS A % FoT, St S Ut b S e o
TeRAT & 3R AT o TH T Te2 ITG ehl ITST Bl HH T ThelT
2, fafer 2 ¥ e %he CEL (v CEL 3us & gl & fafyr 1
TorT ) Gaford STeehiee H UeehTsdl Tolehiareey (A -gaf-e
ghade) A, S yars, o, wmiegeaa 3R Hisfeh
SATGH H GTTerd STWENT § | 379 dR W, ATsshifshtears CEL
T ITINT eI TRIYTEE o I o folq Teh TeULe o
= fopaT 1T © 3R i e e STy - ST geuie
& 3eaTe b o 1 oA 5 ireret % 97 3f S-ICEL 3
B-TCEL (Rifere1 1 wer & e 3iit ama #) & wrw gfomst
1 UIAT 81 9t & qW T 2.5% TR, 31.9% STEEA
O~ TSR ITEAITES 3 13.1% e —p- Waﬁmﬂ'—ﬁm
ﬁW|sﬁw,W1#aﬁ%ﬁxzﬁrms ICEL 9
TS THM 3G TIaRor (2.1% Tolehls, 32.8% sgeredt
~a- TSR IITEAIATES 37X 12.5% STETee ~a-TlehITE-IaTEe
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Figure 5. XRD patterns of CEL before and after NaOH
treatment.

high total carbohydrates. As the obtained LIG content
was relatively low from both methods 1 and 2, the oth-
er fractions such as CEL and HEM were subjected to
NREL and UV analysis and found that 88.0 and 784 %
of LIG were accountable altogether, respectively. More-
over, method 2 discloses that 82 % total removal of LIG
and HEM along with 90.4 % of silica removal from rice
straw was achieved to obtain a high yield of CEL (Table
4). On subjecting B-TCEL to XRD analysis, the crystal-
linity index increased to 61.8% from 59.4% after NaOH
treatment (Figure 4). It has been speculated that base
treatment led to an increase in the pore ratio and sur-
face area of CEL, thus enhancing the Crl, as in line with
the previous report.

Quantification of CEL: The components present in the
CEL fraction obtained from method 2, as the better
one, was quantified. The B-TCEL derived from method
2 was subjected to a slightly modified NREL procedure,
in which 50 mg of B-TCEL was taken along with 0.5 mL
of 72% sulphuric acid in 15 mL ace pressure tube and
treated for 1 h at room temperature. 5.7 mL of deion-
ized water was then added to the solution, kept in an
oil bath at 80 ° C, and stirred for 5 h. The aliquots of
the sample were thoroughly analysed in HPLC (main-
ly sugars) and found that the SRD was composed of
78.0 wt% CEL, 14.4 wt% HEM, 2.4 wt% LIG and 4.5 wt%
SPA with a mass balance of 99.3%. The calculation and
quantification of LIG and SPA were done according to
the NREL procedure. Moreover, CEL recovered from
the employed rice straw using method 2 was 66.0 wt%
with respect to rice straw. Similarly, CEL obtained from
method 1 was composed of 70.3 wt% CEL and 15.1
wt% HEM, 6.0 wt% LIG and 3 wt% SPA. CEL recovered
from method 1 was only 46.2 wt %. Thus, the recovered
cellulosic component from rice straw using method 2
is @ promising approach; however, the recovery of cel-
lulosic components needs to be improved for achiev-
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ing near-quantitative recovery.

Conversion of CEL to butyl glucoside: To emphasize
the importance of disintegration and the removal of
silica, which could interfere during the catalytic trans-
formation and decrease the yield of the target product,
from rice straw, the crude CEL obtained from method
2 (better than method 1 in terms of CEL yield) was al-
kyl glucosides (nonionic surfactants) in corresponding
alcohols, which have potential applications in washing
and cleaning and pharmaceutical and cosmetic prod-
ucts. Generally, microcrystalline CEL has been used as
a substrate for the production of alkyl glucoside and
producing directly from lignocellulosic biomass-based
substrates scarcely reported. Figure 5 shows the re-
sults obtained from rice straw and S-ICEL and B-TCEL
(before and after the removal of silica). The rice straw
yielded 2.5% glucose, 31.9% butyl -a-glucopyranoside
and 13.1% butyl -a-glucopyranoside. Similarly, S-ICEL
obtained from method 2 after step 1 gave pretty much
the same product distribution (2.1% glucose, 32.8% bu-
tyl -a-glucopyranoside and 12.5 % butyl -a-glucopyra-
noside, indicating the presence of silica lowered the
yields of butyl glucosides, though CEL predominant-
ly disintegrated frorm HEM and LIG (Table 4). On the
other hand, B-TCEL (crude CEL obtained from method
2 after the step) afforded an improved yield of butyl
glucosides (42.3% butyl -a-glucopyranoside and 17.3
% butyl -a-glucopyranoside) along with 3.4% glucose,
demonstrating the significance of the removal of silica
from CEL for enhancing the yield of the target product.
The crude CEL obtained from method 2 gave a 15.5%
higher total yield (Figure 5) than rice straw.

It has been demonstrated the removal of silica and
disintegration of significant components of rice straw
with two different two-step approaches in an eth-
anol-water system in the presence of organic acid.
Method 1 (base pretreatment followed by organosolv

B28 Glucose
3 Butyl-c=glucopyronoside

404 EZ23 Butyl-p-glucopyronoside

Rice straw S-ICEL

B-TCEL

Figure 6. Production of butyl glycosides from treated and
untreated CEL; Condition: Cellulose= 50 mg, 20 ml buta-
nol, Conc of H2SO4 = 0.12M, time = 15 min, Temp = 140 °C.




fean, St fufoen 1 &0 Suftufa o1 d9ohd a1 1 Serew
TR IATEg i IETER, WCELH@W@IHEMaﬁ'{LIG
(etforehr 4) & ferrfea 21 € qqﬁafr{ B-TCEL (¥4 & a15
faftr 2 @ wTe e CEL) A SI2Ted T uTEed (42.3% STTsd
—a—maﬁwﬂ?ﬁm‘{éaﬁtw 3% ST ~B-TAHITSHITTEE)
3 3. 4°/omaﬁaa(ﬁéwmaﬁaﬁ%ﬁmsﬁmamaﬁ
I S ¥ foru CEL & Reforet it 2erd % weed 31 et
T ¢ | T3t 2 3 o o CEL 3 =rmaret o 578 & ot § 15.5%
a1fereh et sust &t (ot 5) |

T Shal-eh 375 Shl SYTRATA H SATeT—STeT HOTTer! & &Y 3TeTT-
3TCTT G -=T SRV o WY AT o Y o Hecaqul Hehl
o Tforent ot ge 31 Toreres o1 weef= ferar €1 farfer 1 (3@
Wieietie o o1e 3T gTed) o 5. NaOH 3U=R ¥ ygel R a8
# CEL 3 XRD teH | shreif-ieh 3151 o 919 SU™R A 7 sharel CEL
1 o e ol e, afees fafd 2 @ gemm § CEL, HEM
3R LIG S W@ weahl o1 qafe srqere off fewmn (39 3wam
o TG hTa ek 3Tl oh 1Y JATTEIed Uigrede), fohe ¥ =reret oh
& Tforem o ger o 3wes foreren & forg 3uares Tt
ZTBeRToT ShT Gerrn st srravads o | fafer 1 1, arae & q@
0.07 M NaOH & Sfeid =it ¥ 700C W 4 e o foiw Su=miia
A & I1G, TG B9 e 70.6 wid 7| fafer 1 3 gy =ror
3 aTe, 31ufd, 3947 & 1:1 Frgror 0.1 M wifeess Tfire & a1y
e IUAR: 4 He 3 fiT 1600C W I, sHE 31 Heeh
haet 28.3 Wt% (= CEL) o 919 16.4 wt% HEM 31 2.5
wt% LIG 971

TG 3T, Ueel Tor R g, fafr 29 26.1 wt% HEM 3R 7.2
Wt% LIG (a1feiert 4) S 919 49.9 wt% S-ICEL vrH foran, fSra@
HEM 37R LIG Tmit & e o forg uget stivf-iare Migtedie sl
TS ot o Fgcal ol TaT IefdT ¢ | GO 90T (9 IUER) &
are, faftr 2336.6 wt% CEL v fora, 51t fap farfer 1 9 wre CEL
¥ 8.3 wt% 3ifereh 7| fafer 2 9 wH %2 CEL &l NREL 3TaR
3 31 e T 371X arar 7w 76 e CEL 78.0 wit%, HEM
14.4 Wt%, LIG 2.4 Wt% 3R 4.5 wt% SPA ¥ &1 8, fores
99.3% ol GETHH U 8, TE WE & Y Yehe hidT ¢ fob araret
I T8 AT Ied GBehIvT o WY SYHTRA shi o oG 8 ST
Y 7 Shaet CEL Il & YR gaT § dfesh 5o ggad |
Gera o, farfer 2 o1 3y sheeh TS ameret & 9@ ¥ wm CEL
19 o 8 H arEafass CEL (42.9 wto%) T § 66.0 wt%
o1 | fafer 2 % 99 Srefe & o CEL ¥ fafersht ot e @ S-ICEL
(45.3% STETZH TR -TTEEH) ST AT o 5T (45.0% FLTEA
TEhITTEE) <l T § SIeTsel TqshiaTzed (59.6%) T UgTaR
o gUR gl
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treatment with an organic acid) showed not only a
lower recovery of CEL but also the substantial decom-
position of major components such as CEL, HEM, and
LIG compared to method 2 (organosolv pretreatment
with an organic acid followed by base treatment), re-
vealing the suitable strategic approach for the removal
of silica from rice straw and its disintegration was es-
sential. In method 1, after treating rice straw with an
agueous solution of 0.07 M NaOH at 70 °C for 4 h, the
solid recovered was only 70.6 wt%. After the second
step of method 1, that is, organosolv treatment with
0.1 M lactic acid in 1:1 mixture of ethanol: water at
160 °C for 4 h, the recovered solid component was only
28.3 wt% (crude CEL) along with 16.4 wt% HEM and 2.5
wt% LIG from other fractions.

On the other hand, after the first step, method 2
yielded 49.9 wt% S-ICEL along with 26.1 wt% HEM and
7.2 wt% LIG (Table 4), revealing the importance of em-
ploying the organosolv pretreatment first for improving
the HEM and LIG content. After the second step (base
treatment), method 2 yielded 36.6 wt% CEL, which was
8.3 wt% higher than the CEL obtained from method 1.
The crude CEL recovered from method 2 was subject-
ed to NREL treatment and found that the crude CEL
composed of 78.0 wt% CEL, 14.4 wt% HEM, 2.4 wt% LIG
and 4.5 wt% SPA with a mass balance of 99.3%, clearly
disclosing that treating rice with organosolv approach
first followed by base treatment improved not only the
CEL content but also the mass balance. In a nutshell,
CEL recovered from the employed rice straw using
method 2 was 66.0 wt% out of actual CEL (42.9 wt%
) content in rice straw. The removal of silica from CEL
after the base treatment in method 2 was favoured for
improving the yield of butyl glucosides (59.6%) than
what was obtained from S-ICEL (45.3% butyl gluco-
sides) and rice straw (45.0% butyl glucosides).
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Nidhi Aggarwal, Priyanka Pal, Neeraj Sharma,
Shunmugavel Saravanamurugan; Consecu-
tive Organosolv and Alkaline Pretreatment:
An Efficient Approach toward the Produc-
tion of Cellulose from Rice Straw. ACS Ome-
ga 2021, 6, 41, 27247-27258

¢ A two-step process was developed for ob-
taining cellulose with a higher fraction (up to
78%) from rice straw than the actual cellulose
fraction (43%) in the parent rice straw, based
on organosolv followed by base treatment.

¢ Catalytic conversion of cellulose obtained
from rice straw gave a higher yield of butyl
glucoside (60%) than parent rice straw (45%
butyl glucoside) under identical conditions,
signifying the importance of removing silica
from rice straw.
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g | ¥ T 3R dedr Saned H wnita vy feeg T §

e 7% $o & stwigd! Wiea fafers v & weA

T o GO0 H Ueh Heaad! o &4 H 13 hidl §, S, 2,5
~STEHATEATH (SITHUW), 2,5-FH SEhRAToTh TS
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FT T @A & forel [1]. FE afafrania wael ar b
TfeRTEe 31U o i IcTe Siwe srr aR iRt & ded
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Biomass conversion to platform chemicals

n recent years, dedicated efforts are made in the

sustainable and improved production of 5-hy-

droxymethylfurfural (5-HMF) because it serves as an
intermediate in the synthesis of a variety of fine chem-
icals, including fuel precursors, e.g., 2,5-dimethylfu-
ran (DMF), 2,5-furan dicarboxylic acid (FDCA), 2,5-di-
formylfuran, levulinic acid, caprolactam and to name
a few.[1] The routine production of the cyclic aldehyde
molecule having multiple reactive groups is achieved
through the chemical catalysis of hexose sugar (glu-
cose/fructose) via homogeneous or heterogeneous
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methods under Brgnsted acidic conditions.[2] How-
ever, it is obtained at the expense of sugar(s) degra-
dation due to the higher reaction severity, leading to
the development of a nasty reaction environment by
synthesizing various unwanted chemicals, including
unstructured humin. Overall, studies preferred glu-
cose as a feedstock rather than fructose, despite the
latter possessing a comparatively better chemical re-
activity towards 5-HMF synthesis and requiring just a
single step (dehydration). Also, glucose can be directly
obtained from the abundantly available and cheaper
lignocellulosic substances, which contain nearly 40%
cellulose.[3] However, converting glucose to fructose to
produce 5-HMF is a challenging step due to their equi-
librium characteristics.[4] Moreover, an effective glu-
cose conversion to 5-HMF demands varying operating
conditions to promote isomerization and dehydration
reactions. For example, Lewis acidic/basic condition is
operative for glucose isomerization at < 120 °C.[5] In
contrast, a more severe condition (i.e., Brgnsted acid
with temperature >120 °C) is favorable for fructose de-
hydration.[6] Under this circumstance, one would opt
for a two-stage processing approach for providing two
different favorable conditions.[1a] However, the strat-
egy can increase the product cost due to the high-
er capital investment on equipment installation and
product separation after each stage. Additionally, both
glucose and fructose sugars tend to undergo degrada-
tion and permit unwanted side reactions, resulting in
the accumulation of a wide range of impurities.[5]

Sn doping on Ta205 facilitates glucose isomeriza-
tion for enriched 5-hydroxymethylfurfural produc-
tion and its true response prediction using a neural
network model

To date, dedicated attempts have been made to im-
prove the 5-HMF production through one-pot catal-
ysis by providing different favorable conditions by us-
ing solid substances as a catalyst.[7] The beauty of the
heterogeneous catalyst is that it can allow fine-tuning
of the catalytic activities, facilitate rapid conversion
over the wide active sites, and enable facile recovery

OH OH
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Figure 1. Graphical abstract of Sn doped Ta205 catalyzed reaction of glucose to 5-hydroxymethylfurfural
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Figure 2. Comparative result of fruc-
tose catalysis to synthesis 5-HMF: (a)
evaluation result of catalysts contain-
ing a varied level of Sn (1 to 5% wt. as
dopant) in an aqueous medium, (b)
effect of organic solvent on 5-HMF
synthesis, (c) effect of temperature
on 5-HMF synthesis in water-DMSO
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for reuse.[8] However, the large-scale development of
the catalysts is problematic due to the laborious and
energy-intensive preparations.[9] In an alternative, the
natural solid materials, including earth metal oxides
(e.g., CaO, MgO) and transition metal oxides (e.g., TiO2,
ZrO2, tantalum oxide), have been proposed as a po-
tential catalyst for developing a cost-effective process
of conversion of sugars to furans. The major benefit of
using natural solid materials is that they are abundant-
ly available in nature and inexpensive.[10] In addition,
they possess several exciting attributes, like amorphous,
thermally stable, mesoporous with a moderate surface
area, water-tolerant Lewis acidic behaviour, and tun-
able acid-base character. However, most metal oxides
are not capable to succeed in the specific glucose con-
version when employed as such (native form) due to
the catalytic limitations, say lower acidic strength and
diminishing catalytic activity. For instance, Morales et
al. (2014) evaluated the performance of Ta205 (synthe-
sis material) on glucose to 5-HMF conversion. Regretta-
bly, it resulted in a moderate 5-HMF yield (23% wt.).[5]
However, it enabled a higher glucose conversion (up to
70%), ascribed to the influence of Lewis and Brgnsted
acidic sites offered by the catalyst from the nominal
surface area (79 m2/g with 3.3 nm mesopore diame-
ter),[11] establishing its potential in facilitating the sug-
ar transformation. In understanding, the synthesis of a
lower 5-HMF can be interpreted to the nominal surface
area along with the non-coordinated provision of Lewis
and Brgnsted acidic sites to provide different operating
conditions for promoting the sequential reactions. For
overcoming the situation, many have employed the
metal doping technique to alter the surface character-
istics (like catalytic surface area and acidic properties)
of a solid catalyst.[12] Of the active dopants used in
the sugar transformation, Sn is popular because of its
versatility to make a perfect bonding with any variety
of support materials and its Lewis acid characteristics.
For example, Sn-beta zeolites, Sn-molecular sieves,
Sn-silicates and Sn-acidic resins are the prominent
forms of Sn-doped catalysts showing a better glucose
isomerization efficiency.[13] Considering the talents of

both Ta205 and Sn, the present study showed interest
in developing an Sn doped Ta205 (synthesized using
tantalum (V) ethoxide) catalyst to improve the synthe-
sis of 5-HMF using glucose. In understanding, the Sn+4
ion can strongly interact with the O atoms of two of
the neighboring Ta-O units of Ta205, improving the
surface properties, including catalytic surface area and
Lewis acidic sites, which are favorable for glucose isom-
erization.[13a] Moreover, the surface deposition of Sn
on Ta205's lattice could enable the reaction system-
atically, like the approaching glucose molecules first
get reacted over the wide surface area provided by Sn
offering the Lewis acidic sites. Subsequently, the resul-
tant is dehydrated over the Ta205, offering both Lewis
and Brgnsted acid sites. This increased the expecta-
tion of an enriched product formation with selectivi-
ty. Furthermore, the study performed data modeling
by employing a neural network technique to have the
best fit of the response to understand better the reac-
tion scheme and reaction extrapolation.[14] Thus, the
study introduced the Sn doped Ta205 catalyst in glu-
cose transformation to products. Also, a contemporary
modeling technique was used for an accurate predic-
tion of the 5-HMF yield and selectivity data acheived
via heterogeneous catalysis.

This study discloses the strategy of effective glu-
cose transformation into 5-HMF over the modified
Sn-Ta205 catalyst. The incorporated Sn on Ta205 in-
fluenced the surface properties, like surface area, total
acidic sites, etc, of the catalyst. Moreover, its surface
deposition provided a dedicated space for initiating
the sugar transformation, i.e., glucose isomerization,
over the wide surface area and Lewis acidic sites, and
thus, promoted the fructose (intermediate) formation.
The hierarchal arrangement of the active species al-
lowed the reactions to proceed in a cascade fashion,
i.e., glucose isomerization followed by dehydration. Of
all the as-synthesized catalysts that contained varied
Sn levels employed for the catalysis, ST1 having 1% Sn
prompted the reaction, enabling maximum produc-
tivity, i.e., 57.2% wt. 5-HMF yield and 80.2% selectivity
under modest reaction conditions. DMSO contributed
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Figure 3. Comparative NN modeling result of sugar transformation to synthesis 5-HMF: (a) prediction result of 5-HMF
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significantly to the conversion by shifting the equilibri-
um reaction towards fructose, resulting in a >65% fruc-
tose synthesis, which accounts for the enriched 5-HMF
synthesis. The facile one-pot setup represents an indus-
trially feasible and sustainable processing model for di-
rect glucose conversion to 5-HMF.

Heterojunction of Nb,0./g-C.N, facilitates 2,5-di-
formylfuran production via photocatalytic oxidation
of 5-hydroxymethylfurfural under direct sunlight ir-
radiation

In recent years, significant research is devoted to syn-
thesizing fine chemicals, including fuel precursors,
from the renewable biomass (lignocellulose) feed-
stocks to replace the petrochemical products being
derived from the non-renewable and depleting fos-
sil reserves [1]. 2,5-diformylfuran (DFF) is one among
the potential bioderived chemicals that find a wide
range of applications, including the production of fu-
ran-based biopolymers (polyethylene furanoate de-
rived from 2,5-furandicarboxylic acid), functional ma-
terials (including fluorescent and surfactant products,
pharmaceuticals, furan-based urea resins, fungicides),
just to name a few [2]. It is an oxidative derivative prod-
uct of 5-hydroxymethylfurfural (HMF), which can be
produced from the cellulosic component of biomass
[3]. Traditionally, chemical or biological methods are
employed for the oxidation of HMF to DFF. Consider-
ing the advantages of the chemical catalysts, espe-
cially heterogeneous solid materials, like allowing easy
separation of the catalyst for reuse and enabling a
fine-tuning of catalytic properties (e.g., catalytic activity
and surface area), the majority of the studies have pre-
ferred the chemical synthesis of DFF [2a, 3]. However,
it offers challenges, like the selective transformation
of the alcohol group of HMF to aldehyde of DFF and

over oxidation of the aldehyde group, leading to yield
a variety of unwanted side products, including 5-hy-
droxymethyl-2-furancarboxalic acid, 2-formyl-5-furan-
carboxylic acid, etc,, affecting the product selectivity
[2b]. For overcoming these issues, several of the recent
studies have adapted the charming and cutting-edge
photocatalytic technology, where used the semicon-
ductor materials under external light illumination for
the selective conversion of HMF, resulted in a >90% DFF
selectivity [4]. To date, several types of photocatalytic
materials are explored for DFF synthesis under differ-
ent light incident sources (UV/visible). For instance, re-
cently, Wu et al. showcased the selective photocata-
lytic oxidation technology for converting HMF to DFF
over metal-free graphitic carbon nitride (g-C3N4) un-

Bioderived 5-hydroxymethylfurfural === 2 5-diformylfuran
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Figure 4. Graphical abstract of NbZOS/g-C3N4 hetero-
junction catalyzed HMF conversion to DFF.
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der visible light conditions [5]. An 86% selectivity was
achieved with the aid of the superoxide (O2--) radicals
being played as active species, however, it reported
only a moderate DFF yield (27 mol. %) and required an
external O2 gas supply. Subsequently, the same group
verified the efficacy of Nb20O5 under similar operating
conditions; it enabled a slightly improved product se-
lectivity (~91%), however, it showed a poor DFF yield
(£20% mol.)[4b]. Nevertheless, the catalysts prompted a
comparable DFF selectivity to the conventional chemi-
cal catalysis employing complex organic solids as cata-
lysts, e.g., Fe(NO3)3/Cu(NO3)2 with K25208 [6].

The underlying concept of photocatalysis is that;
(i) the photogeneration of electron-hole pairs by a
semiconductor catalyst under the influence of light
irradiation, (2) the separation of charge carriers and
migration to the catalyst surface, (3) the participation
of electrons or holes in a reduction or oxidation reac-
tion, and (4) the recombination of charge carriers on
the surface of the catalyst [7]. Therefore, it can be inter-
preted that the cause of the lower yield achievement
by the single photocatalysts, such as Nb20O5 (exhibit-
ing the bandgap of ~3.2 eV) and g-C3N4 (bandgap of
~2.6 eV), is likely due to the fast recombination of the
photogenerated electron (e-) - hole (h+) pairs ascribed
to the strong Coulombic force established due to a
smaller bandgap, affecting the catalyst’s oxidation/re-
duction potential [8]. To date, sincere efforts are made
to overcome the rapid recombination rate of the pho-
togenerated e-- h+ pairs; the design of heterojunction
by combining two different semiconductors having
an unequal band structure is reported to be a promis-
ing strategy [9]. A typical heterojunction of an aligned
band structure can facilitate the transfer of charge
carriers effectively and suppress the recombination of
photogenerated e--h+ pairs, thereby enhancing the
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Figure 5. (a) Kinetic result of photocatalytic oxidation of
HMF to DFF using heterojunction, (b) HMF oxidation reac-
tion profile over g-C3N4, (c) HMF oxidation reaction profile
over Nb20O5; under optimized reaction conditions, i.e, 1
mM HMF in acetonitrile and 2.5 g/L catalyst dose and (d)
comparative result of photocatalytic reaction with (both
single and heterojunction) and without catalysts. Error
bars indicate the standard deviation.

photocatalytic performance (oxidation/reduction) [10].
Considering the achievements of the single photocata-
lysts, such as Nb20O5 and g-C3N4, in the DFF synthesis,
the present study showed interest in the development
of a semiconductor/graphene heterojunction (Nb205
and g-C3N4) for its application in the HMF to DFF con-
version through the manipulation of recombination
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Figure 7. Illustration of heterojunction catalyzed oxidation
of HMF to DFF under solar irradiation.
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of the photogenerated charge carriers. Besides the
application in DFF synthesis, graphitic carbon nitride
(g-C3N4) belonging to the metal-free carbon-based
semiconductor material category is represented to be
a potential candidate in light-induced photoreactions
[5, 11]. Similarly, the niobium oxide (Nb205), an n-type
semiconductor, is established to be a proficient catalyt-
ic material in photoreactions attributed to the higher
optical band gap (3.2 eV), higher specific surface area
and surface acidity, superior optical properties, etc. [4b,
12]. These favorable attributes of the materials could
influence the heterojunction to deliver a superior pho-
tocatalytic activity owing to the changes in the intrin-
sic characteristics, particularly alignment of the band
edge positions towards the control of recombination
rate; therefore, an improved product concentration
with selectivity can be expected [13]. Furthermore, the
heterojunction assembly could generate independent
e-- h+ pairs when illuminated with adequate energy,
enabling the movement of electrons from g-C3N4 to
the Nb2O5 because of the difference in the potentials
of conduction bands while the holes are following a
reverse migration [14]. This action typically induces the
accumulation of electrons and holes in Nb20O5 and
g-C3N4, respectively, therefore the large availability of
the carriers could accelerate the reduction and oxida-
tion reactions. Consequently, spatial separation and
suppression of the photogenerated charge carriers re-
combination can be achieved. In the present case, in
understanding, the photocatalytic oxidation of HMF to
DFF can be enabled via type-ll photocatalytic mecha-
nism.

The study witnessed the effectiveness of g-C3N4/
Nb20O5 heterojunction on HMF oxidation to DFF. The
rapid recombination of the photogenerated e- and h+
pairs hamper a typical photocatalysis reaction; for over-
coming the problem, a heterojunction was developed
by combining the carbon-based and oxide-based
semiconductors with varying work functions. The het-
erojunction outperformed the reaction via type-Il het-
erojunction double charge transfer mechanism under
direct sunlight irradiation, achieving as high as 61%
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wt. DFF yield (or 62.2% mol) and 84% selectivity (or
86.14% mole basis) after 5 h. This remarkably DFF yield
is ascribed to the ability of the heterojunction in con-
trolling the energy carriers recombination rate. More-
over, ACN has contributed a lot to the reaction by im-
proving oxygen dissolution to harvest the electrons for
forming the O2-- radicals. Thus, the h+ held responsible
for the enriched and selective oxidation of HMF to DFF,
affording the yield nearly 1.5 to 3.3-fold higher than
the literature reports. Overall, the invention is inspiring
to design various heterojunctions to achieve a further
better product concentration.

Salient Achievements

¢ Mahala, Sangeeta, Senthil M. Arumugam, Sand-
eep Kumar, Dalwinder Singh, Shelja Sharma,
Bhawana Devi, Sudesh K. Yadav, and Sasikumar
Elumalai. “Sn doping on Ta205 facilitates glu-
cose isomerization for enriched 5-hydroxymeth-
ylfurfural production and its true response
prediction using a neural network model”
ChemCatChem. (Just accepted).
The heterojunction outperformed the reaction
via type-ll heterojunction double charge trans-
fer mechanism under direct sunlight irradiation,
achieving as high as 61% wt. DFF yield (or 62.2%
mol) and 84% selectivity (or 86.14% mole basis)
after 5 h.
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able biopolymer with antioxidant, antimicrobial,

UV-blocking and several other potentials. Lig-
nin is therefore an interesting material for developing
functional materials such as nanomaterials, coatings,
nanospray, hydrogels etc. Lignin based transparent hy-
drogel was developed via simplified method, which
was further doped with rose-bengal-lignin-silver metal
nanoconjugates. Upon light activation, such material
showed promising antimicrobial efficacy. Further lig-
nin was utilized in developing titanium dioxide nano-
composites, which was later doped into lignin based
coating. Such material demonstrated high efficacy as

Q gri-biomass derived lignin is an abundantly avail-
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synergistic UV blocker and antimicrobial agent. Lignin
as such was utilized in developing nanosphere-based
spray via one-step technique. This nanospray has been
proved to be a potential photosensitizer and bioimag-
er agent. Recently, lignin based metal-nanocomplex
when conjugated with polypyrrolic photosensitizers
showed great in vitro efficacy against SAR-Cov-2 cell
lines (research done in collaboration with DBT-Region-
al Centre for Biotechnology), Lignin based functional
materials developed has great potential to have high
societal impact via microbial disinfection.

Utilization of agri-biomass-based lignin to derive
functional materials for multipurpose applications

1. Lignin-based hydrogels for the delivery of photo-
dynamic nanoconjugates for microbial disinfection:
lignin-based biocompatible and photo-activatable hy-
drogel was developed as sustainable and cost-effec-
tive material for use in photodynamic therapy. Initially,
lignin-based silver nanocomplexes (L-AgNCs) were de-
veloped. Further, rose Bengal (RB), a common photo-
senstizer was used for their surface functionalization.
Lignin hydrogel was then prepared via copolymeriza-
tion technique using biocompatible additives (Figure
1, 2). Later, RB@L-AgNC nanoconjugates were doped
into the newly fabricated lignin hydrogels to gener-
ate a photodynamic nanocomposite lignin hydrogel.
The lignin-based hydrogel as well as the nanocom-
posite hydrogel characterized via various analytical
tools including UV-vis spectroscopy, XRD, rheology,
and FESEM analysis etc. During characterization, the
native lignin-based hydrogel revealed organized mac-
roporous structure (Figure 2). Interestingly, the FESEM
analysis revealed a honeycomb-type structure of the
lignin-based nanocomposite hydrogel. Moreover, the
lignin-based hydrogels were found to have self-adhe-
sive and pH-responsive potential. The pH-responsive
behaviour helped in controlled release of the nano-in-
gredients (RB@L-AgNCs) from the lignin hydrogel. The
nanocomposite doped lignin hydrogel as well as the
native hydrogel were then subjected towards antimi-
crobial photodynamic therapy (APDT) against bacte-
rial as well as fungal strains and the IC50 values were
also calculated. Further, the mechanistic aspects of
APDT were examined which demonstrated significant

Copolymerization
and cross-linking

posites).

Lignin hydrogel

Figure 1. Development of lignin-based hydrogel and functionalization with RB@L-AgNCs (i.e., photoactive nanocom-

Functionalization
with RB@L-AgNCs

Nanocomposite
Lignin hydrogel
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NCs incorporated lignin hydrogels at 200 pm scale.

Before reaction After reaction

Figure 2. (i) Visual observation of the developed lignin hydrogel before and after reaction; (a) FESEM analysis of RB@L-Ag-

role of reactive oxygen species (ROS) generation by the
nanoprobes. Finally, microbial cells treated with lignin
hydrogels were subjected to fluorescence microscopic
analysis which revealed significant microbial cell kill-
ing by the photosensitizer nanocomposite doped hy-
drogel activated by light. Therefore, lignin-based nano-
composite hydrogels can be utilized as economic and
biocompatible coating material for light assisted pho-
todynamic inactivation of microbes.

2. Lignin derived titanium oxide nanocomposites as
efficient additive to UV-blocking and antimicrobial
coatings: Lignin was successfully utilized through the
development of a lignin-based coating and further
through the preparation of titanium dioxide nano-
composites via a green and single-step method. To
note, lignin was used as a sole capping and stabiliz-
ing agent to fabricate the titanium dioxide nanocom-
posites (TIO2NCs) (Figure 3). Use of toxic chemicals or
solvents were completely avoided during the synthesis
of TIO2NCs. The synthesized lignin-based TiO2 nano-

composites exhibited promising antioxidant, antimi-
crobial, and UV blocking potential in comparison to
the bare lignin as well as the commercially available
TiO2 nanoparticles (Table 1). Further, a coating mate-
rial based on lignin was fabricated in a single step and
economic pathway without using toxic substances for
UV protection and antimicrobial applications. Further,
lignin coating doped with lignin-based TiO2NCs was
developed in a single step to improve the antimicro-
bial and UV blocking potential of the coating. Finally,
the TIO2NC doped lignin coating was then applied on
a cotton fabric which revealed promising antimicrobial
activity. This TIO2NCs doped lignin coating can find vat
application in disinfecting personal protective equip-
ment and common surfaces.

3. Light activatable lignin nanospray coating for
photodynamic therapy and bioimaging: A lignin
nanosphere based spray (i.e. lignin nanospray) was
developed in a one-step with promising antioxidant,
fluorescent and UV protective properties (Figure 4, 5).

Visible
radiatkons

< Sun

radlatlons

Lignin coating
Ethanol as solven!
Direct green synthésis

Ti[OCH(CH:),]4

TiO,NCs doped
lignin coating

Visible
radlatlons

Antimicrobial and UV protctive TiO,NCs

% amsmvmance
¥ 8

doped lignin coating

Lignin-TiO,NCs

Figure 3. The schematic diagram for the development of lignin-derived TiO, nanocomposites using lignin and develop-
ment of TiO, nanocomposites doped lignin coating and their applications (ACS Sus. Chem. Eng, 2021, 9, 11223-11237).
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Entry UYV blocking agent % % Transmittance % UVA % UVB

No. Transmittance UVB (280-315 nm) blocking blocking

1 Alkali lignin 10.7 0.18 89.3 99.8

2 Kraft lignin 0.30 0.02 99.7 99.9

3 Commercial TiO, NPs 132 0.7 86.8 99.3

4 TiO,AL NCs 1.1 0.08 98.9 99.9

5 Ti0.KL NCs 2.5 0.86 97.5 99.1

6 Lignin coating 12.1 2.1 87.9 97.9

7 5% commercial TiO-NP doped 12.5 23 87.6 97.9

lignin coating
8 5% TiOAL NC doped lignin 2.9 0.88 97.1 99.1
9 5% TiOKL NC doped lignin 2.5 0.24 97.6 99.8
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Table 1. Determination of UV protection efficiency of lignin, lignin-TiO, nanocomposites, commercial TiO,
nanoparticles, lignin coating, and TiO2 nanocomposite doped lignin coatings.
Entry UV blocking agent % % Transmittance % UVA % UVB
No. Transmittance UVB (280-315 nm) blocking blocking
1 Alkali lignin 10.7 0.18 89.3 99.8
2 Kraft lignin 0.30 0.02 99.7 99.9
3 Commercial TiO, NPs 13.2 0.7 86.8 99.3
4 TiO.AL NCs 1.1 0.08 98.9 99.9
5 Ti0KL NCs 2.5 0.86 97.5 99.1
6 Lignin coating 12.1 2.1 87.9 97.9
7 5% commercial TiO-NP doped 12.5 23 87.6 97.9
lignin coating
8 5% TiO,AL NC doped lignin 2.9 0.88 97.1 99.1
5% TiOKL NC doped lignin 2.5 0.24 97.6 99.8

Further, the lignin nanospray was directly used in the
fabrication of a biocompatible coating. The nanospray
showed promising photoluminescence properties for
use in bioimaging. Moreover, the nanospray has been
capable to generate reactive oxygen species (ROS) in
the presence of light for use as a phototherapeutic
agent. Importantly, the nanospray coating exhibited ex-
cellent potential to destroy common microbes during
antimicrobial photodynamic studies as revealed by
SEM studies and live-dead imaging. This sustainable
and biocompatible lignin nanospray based coating
has been successfully developed via a fast technique
which possesses multifunctionality, i.e. UV blocking,
phototherapeutic and light-triggered antimicrobial
properties. This multimodal nanospray coating will be
widely applicable in arresting a wide range of microbi-

4. Lignin based polypyrrole nanoformulations as
highly effective antiviral agents against SARS-
CoV-2 (Indian provisional patent application no:
202111014735, research done in collaboration with
DBT-Centre for Biotechnology): Lignin, a natural bio-
polymer is a potential anticancer and antimicrobial
agent. As a member of polyphenolic family it possesses
antioxidant as well as antiviral properties. Polypyrroles
are well known for the generation of reactive oxygen
species (ROS). Through ROS generation, they act as
effective photosensitizers. However, these molecules
mostly hydrophobic thus difficult to apply in biolog-
ical systems. To overcome this issue, polypyrroles can
be loaded into biocompatible lignin nanomaterials
via entrapment or conjugation. Lignin based nano-
materials are a great platform for the delivery of the
bioactive agents including polypyrroles. Thus, a variety
of polypyrroles, lignin nanomaterials, and the polypyr-

al infections.

Kraft lignin

L5

Lignin nanospray

UV Block

Live bacteria

Bioimaging

<.
N

Photodynamic antimicrobial
therapy

Figure 4. Simple fabrication method to develop a lignin nanosphere based spray coating which exhibited light assisted
diagnostic and antimicrobial potential for the first time. (Journal of Materials Chemistry B, 2021, 9, 1592-1603).
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role loaded lignin nanoformulations were subjected to
cytotoxicity as well as antiviral efficacy study against
SARS-CoV-2 cell lines. Interestingly, polypyrroles load-
ed on lignin based nanomaterials showed very high
efficacy to destroy corona virus when compared to a
well-known positive control. Notably, the polypyrroles
loaded (via conjugation or entrapment) on lignin nano-
materials were found to be highly effective in compar-
ison to the native ones. This fact can be attributed to
higher availability of ROS from the polypyrroles doped
on lignin nanomaterials. Importantly, neither poly-
pyrroles (mainly due to insolubility) nor lignin based
nanomaterials were effective against the virus. Where-
as, polypyrrole decorated lignin nanomaterials caused
synergistic effect to destroy the SARS-CoV-2 virus.
These nanoformulations will be useful in generating
therapeutics, additives in antiviral coatings and overall
as highly effective antiviral agents against SARS-CoV-2.

Salient Achievements

L 4

Lignin-based biocompatible hydrogel doped
with photodynamic nanoconjugates were de-
veloped for microbial disinfection.

Lignin based coating incorporated with titani-
um oxide nanocomposites was fabricated as ef-
ficient UV-blocking and antimicrobial material
Light activatable lignin nanospray coating was
constructed for use in antimicrobial photody-
namic therapy and bioimaging

Lignin based polypyrrole nanoformulations
were successfully developed as highly effective
antiviral agents against SARS-CoV-2.
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n recent years, p-menthane-38-diol (PMD), also
known as menthoglycol, has received growing atten-
tion as a potent substitute of the DEET due to simi-
lar efficacy in insect repellent action when used in like
quantities. The compound PMD occurs naturally as a
minor constituent (1-2%) in essential oil obtained from
leaves of Corymbia citriodora, formerly known as Euca-
lyptus citriodora. It has been found that the cis-isomer
having menthol like aroma and cooling effect exhibits
strong insect repellent activity than the trans-isomer.
However, the natural cis-isomer is expensive due to
limited natural occurrence in C. citriodora tree. More-
over, the cultivation of C. citriodora is also being dis-
couraged in recent years due to its adverse effects on
surrounding environment, e.g., depletion of nutrients,
reduction of moisture reserves, poor nutrient cycling,
etc. Therefore, synthetic PMD is produced on a much
larger scale as a mixture of cis/trans-isomers with ac-
tivity similar to naturally occurring cis/trans-PMD.
Generally, PMD is produced by treatment of citro-
nellal with an agueous solution of sulphuric acid un-
der mild heating condition to afford a reaction mixture
that contains ~50-60% PMD, ~15-20% of citronellal and
~20% citronellyl acetals as side products. This low pu-
rity and yield of PMD is not suitable for a large scale
production. Also, the use of corrosive mineral acid en-
tails problem with respect to safe processing on large
scale, whereas, economic processing suffers from the
lack of economy of scale caused by the product pu-
rification from the reaction mixture via crystallization
at the extremely cold condition (such as -50°C). There-
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fore, we envisioned exploring the feasibility of utilizing
the potential of low value citronella foliage essential oil
for PMD production by a selective in situ conversion of
citronella oil contained citronellal constituent to PMD
without a substantial change in the functionality of
other volatiles. To the best of our knowledge, no such
effort has been made earlier. This work describes a pro-
cess for improvement in mosquito repellent properties
of low value citronella essential oil to get a prepara-
tion enriched with PMD, predominantly, the cis-isomer
(~86%), through an in situ chemical transformative step
under a mild acidic condition, whereby, the resulting
oil preparation demonstrates a slow evaporation for a
long lasting protection action, and may find immense
uses including as a resource for production of pure cis/
trans-PMD.

1. In situ enrichment of para-menthane-3,8-diol
(PMD) isomers in low value citronella oil

In situ synthesis of PMD in citronella essential oil: An
oven dry RB flask (50 mL) was charged with citronella
essential oil (2.0 g, 5.0 mmol) and citric acid solution
(10 mL, 3.0 wt%) with oil to water ratio 1:10 (v/v). The
reaction mixture was heated at 60 °C under stirring
condition for 15h. After time elapsed, the reaction mix-
ture was quenched by the application of cold water
followed by extraction with diethyl ether. The organic
phase was separated and dried over anhydrous Na_SO,.
In vacuo concentration of the organic phase furnished
a light yellow oil (1.9 g, yield >95 %).

Detection and quantification of PMD stereocisomers
in the value added oil: |dentification and quantifica-
tion of PMD stereoisomers was validated by GC-MS
analysis using a capillary chiral column Rt-bDEXsa
(0.25 x 30m), film thickness 0.25 um, stationary phase
(2,3-di-acetoxy-6-O-tert-butyl dimethyl silyl B-cyclodex-
trin added into 14% cyanopropylphenyl/86% dimethyl
polysiloxane) with helium at flow of 0.8 mL/min was
used as a carrier gas. Oven temperature gradient from

Sphsi

(+)-cis-PMD

Figure 1. GC-MS of p-menthane-3,8-diol isomers in
value added citronella essential oil.
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rfTaRT 1. T S Trewet Tge RIgel et <l aTesiicy §eemT
. Component Qils composition (%)
Native citronella oil PMD enriched citronella oil
d-limonene 2.59 -
linalool 0.94 1.55
citronellal 42.14 1.84
citronellol 12.29 13.36
geraniol 16.71 18.01
cis-PMD - 27.05
trans-PMD - 14.83
citronellyl formate 1.97 2.38
geranyl acetate 3.59 3.98
caryophyllene 2.83 2.18
cyclo caryophyllene 1.05 0.97
iso-caryophyllene 6.94 5.70
cis-bisabolene 2.99 2.30
caryophyllene alcohol 1.35 1.69
neoclovene 2.83 1.94
Total ~98.22 ~97.78
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Table 1. Volatile composition of native and PMD enriched citronella oil
i Component Oils composition (%e)

Native citronella oil PMD enriched citronella oil
d-limonene 2.59 -
linalool 0.94 1.55
citronellal 42.14 1.84
citronellol 12.29 13.36
geraniol 16.71 18.01
cis-PMD - 27.05
trans-PMD - 14.83
citronellyl formate 1.97 2.38
geranyl acetate 3.59 3.98
caryophyllene 2.83 2.18
cyclo caryophyllene 1.05 0.97
iso-caryophyllene 6.94 5.70
cis-bisabolene 2.99 2.30
caryophyllene alcohol 1.35 1.69
neoclovene 2.83 1.94

Total ~98.22 ~97.78

40°C for 1 min hold time; then 220°C at 1°C/min ramp
rate with a final hold time for 3 min. For the identifica-
tion and quantification (Figure 1), samples along with
PMD standard (Carbosynth Limited) were injected with
1.0 pL and split ratio 1:100 inlet temperature at 220°C.
Mass spectra was obtained in the mass range from 35
amu to 180 amu using electron impact ionization en-
ergy at 70 eV, source temperature of 220°C and mass
transfer line temperature of 220°C.

Physicochemical studies of PMD enriched citronella
oil: Refractive index, density, viscosity and optical rota-
tion are the common physical parameters for checking
essential oil composition and purity. The refractive in-
dex of PMD enriched citronella oil was determined by
direct loading to a refractometer, and the density of
the essential oil was determined using a pycnometer
flask following the methods reported in literature.

Compositional comparison of native and in situ
transformed citronella oil:

In situ transformed citronella oil and native citronel-
la essential oil (Figure 2) were analysed on a column
HP-5MS (0.25 x 30m), film thickness 1.0 pym; helium at
flow of 1.0 mL/min was used as a carrier gas. Oven tem-
perature gradient was performed from 60°C to 210°C
at 3°C/min ramp rate and 1T min hold time at 210°C;
then 210°C to 280°C at 20°C/min ramp rate with 5 min
hold time at 280°C. Samples were injected with 1 pL

and split ratio 1:20 inlet temperature at 250 °C with
masss pectra obtained under condition of mass range
from 50 amu to 400 amu with electron impact ion-
ization energy at 70 eV, source temperature of 280°C
and mass transfer line temperature of 280°C. Volatile
constituents in the native and value added citronella
oil are presented in Table 1.

R 1663-3461
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5524
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trans-PMD
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Figure 2. Detection of volatiles in PMD-enriched citronella
oil
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Thermogravimetric analysis (TGA) of native citro-
nella oil, PMD value added citronella oil, and DEET:
Samples (13 mg) of native citronella essential oil, PMD
enriched citronella oil and commercial DEET were
subjected to thermogravimetric (TG) analysis under a
nitrogen atmosphere. An isotherm-heating program
was settled up at 33 °C (Human skin temperature on
the forearm). In order to obtain a low-noise TG signal,
a constant gas flow of 70 mL min-1 was set for all the
tests. The precision of temperature measurement for
the thermobalance is 1 °C. The continuous records of
weight-loss and temperature were obtained and used
to determine the evaporation rates (weight-loss % min-
1) of the native citronella oil, PMD value added citro-
nella oil and DEET.

2. Synthesis of (hydroxymethyl)furfural (HMF) from
biomass derived (chloromethyl)furfural (CMF) as a
renewable feed stock

Synthesis of furan derivatives, such as, 5-hydroxymeth-
ylfurfural (HMF) from biomass-derived carbohydrates
have recently been advanced as a promising platform
compounds because they are sustainable building
blocks used in production of fine chemicals and mate-
rials. However, the HMF has only been produced from
fructose at pilot scales, and to date no scalable ap-
proach for its production from raw biomass has been
reported. Frequent water solubility, high boiling point,
and sensitivity to the acidic conditions impose difficul-
ties in HMF production from carbohydrates on a large
scale. Therefore, a potentially disruptive innovation in
the arena of renewable chemicals has recently been
introduced in the form of the HMF analog, 5-(chloro-
methyl)furfural (CMF) which unlike HMF, can be ob-
tained in high yield and purity from glucose or even di-
rectly from cellulosic biomass. CMF being hydrophobic
in nature, can readily be isolated from the acidic hydro-
lysate or reaction media with a high efficacy, and can
be readily converted into a variety of important com-
pounds, e.g., 2,5-dimethylfuran (DMF), 5-ethoxymethyl-
furfural (EMF), HMF, etc., due to its interesting reactive
chemistry. Therefore, we prompted to explore an effi-
cacious protocol for production of CMF directly from
spent aromatic waste via chemical processing in a bi-
phasic reaction media consisting of concentrated HCL
and chloroform in the presence of NaCl in a sealed
pressure glass reactor. The biomass derived CMF was
further investigated under a novel one pot method for
synthesis of HMF using iodosyl benzene (PhlO) as an
oxidative reagent under mild reaction conditions.

Feedstock preparation and determination of frac-
tional composition: Spent aromatic biomass was col-
lected after the on-farm hydro-distillation of aromatic
crops at Center of Innovative and Applied Bioprocess-
ing, Mohali (CIAB), Punjab State, India. Primary com-
position of spent aromatic biomass (such as carbohy-
drate sugars, lignin, and ash) was determined following
the Standard National Renewable Energy Laboratory
(NREL) protocol.

Pre-treatment of spent aromatic waste: Powdered

CIAB: Annual Report 2020-21

30

B EL 9 5-HMF @ CMF 59 Glucose [ EG XS LA [l Others

25 4

N
o
L

Products yield (v %)
&

Citronella grass

Palmarosa Lemmongrass

Figure 3. Comparative yield of cellulose degradation prod-
ucts from spent aromatic waste under the optimized reac-
tion condition.

biomass was pre-treated with p-cymene sulphonic
acid (p-CSA), a Brgnsted acid synthesised from d-limo-
nene as a renewable feed stock from solid citrus waste,
under autoclave condition following the protocol re-
ported in literature. The pre-treated biomass was sepa-
rated from hydrolysate simply by filtration followed by
drying in a hot air oven at 45-50°C.

Synthesis of 5-(chloromethyl)furfural (CMF) from
pre-treated biomass: Pre-treated spent aromatic bio-
mass (1.0 g), concentrate HCL (5 mL), chloroform (15
mL) and NaCl (50 mg) were loaded on a thick-walled
high-pressure glass reactor (Ace Glass, USA) of 120 mL
capacity sealed (back) with silicone rubber. The reac-
tion mixture was heated at 100°C in an oil bath for 1h.
After time elapsed, the sealed glass tube was removed
from oil bath and subsequently cooled to room tem-
perature by the application of cold water. The reaction
mixture was centrifuged at 8,000 rpm for 20 min. Pal-
let was collected and stored for further use. Organic
phase was separated from reaction liquid while the
agueous phase was repeatedly washed with chloro-
form. After pooling, the organic phase was subjected
to GC-MS analysis for detection and quantification of
CMF. Aqueous phase was separately analyzed by HPLC
for detection and quantification of carbohydrates (e.g.,

PhIO (3.0 equiv.)

OH
OHC

, (Yield >00%)

Cl
OHC

1

DMSO-H,0 (4:1 v/v)
55-60°C

Scheme 1. Synthesis of HMF from CMF using PhIO.
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Scheme 2. Reaction mechanism for conversion of CMF to
HMF in presence of PhlO

glucose, fructose, arabinose etc.) and their degradation
products (HMF, levulinic acid, formic acid, acetic acid
etc.). Concentration of organic phase under reduced
pressure resulted in a dense yellow liquid which was
further purified by column chromatography to afford
a light yellow oil in good yield (~26% with respect to
pre-treated biomass) and purity (~98%), Figure 3.

One pot synthesis of HMF from CMF: A RB flask con-
taining CMF (compound 1, 100 mg) along with DMSO
and water in ratio of 4:1 (v/v) was taken. The reaction
mixture was added with freshly prepared PhIO (455
mg, 3.0 equiv) and heated at 55-60 °C for 3h. Af-
ter time elapsed, the reaction was allowed to cool at
room temperature followed by removal of solvent un-
der reduced pressure. Reaction mixture was extract-
ed with ethyl acetate followed by washing with water
and brine. Organic layer was separated and dried over
anhydrous sodium sulphate. Concentration of the or-
ganic phase under reduced pressure furnished HMF 2
(Scheme 1) as a light yellow liquid (91 mg, ~90% yield).
Although, a detailed understanding of the mechanism
for such an oxidative transformation of CMF to HMF
will require additional studies, however, it is assumed
that the initial reaction of CMF with DMSO may lead
to the formation of an addition product | which reacts
with PhlO and generates intermediate |l that decom-
poses to a more stable intermediate Ill. Action of water
molecule cause an easy release of product HMF via the
decomposition of intermediate IV (Scheme 2).

Recovery of lignin from hydro-char: The lignin from
the hydro-char was obtained by boiling it in 2% aq.
NaOH solution for 2h at 100°C. Centrifugation of the
reaction liquid at 8000 RPM for 20 min followed by
separation and neutralization of the back liquid with
0.5 N H_SO, solution resulted in the precipitation of
the lignin at pH 3.0. The precipitate was filtered out,
washed with water and dried in a hot air oven to afford
lignin in crystalline state. Yield of lignin was calculated
using the following formulae.

_ Residual spent aromatic biomass (g)

Lignin yield (wt %) — — x 100
Initial spent aromatic biomass (g)
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Salient Achievements

Conversion of citronella essential oil contained
citronellal to PMD with ~85% selectivity.

No side product formation during the mild
chemical processing.

Recovery of PMD value added citronella oil in
>96% yield.

All the four stereoisomers of PMD could be de-
tected by GC-MS study.

Production of CMF from spent aromatic bio-
mass in good yield (~ 26% with respect to bio-
mass) and purity.

Use of green reagent iodosyl benzene (PhlO) for
oxidation of CMF to HMF.

Easy access to HMF from biomass derived CMF
under the mild reaction condition.
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tives of caloric sugars. D-allulose is an epimer of

D-fructose with ultra-low calorie. In many reports
D-allulose has been found as a health beneficial bio-
molecule, exerting anti-obesity, anti-diabetic, and hy-
polipidemic effects. This rare sugar has been accorded
generally regarded as safe (GRAS) status for consump-
tion. Its use improves shelf-life and texture of the food
product. With these features, D-allulose is a demand-
ing molecule in the current scenario of the increasing
incidences of obesity and diabetes in India. D-allu-
lose is enzymatically synthesized by using D-allulose
3-epimerase. High thermal stability and high turnover
number of the enzyme are critical for industrial pro-
duction of D-allulose. In our previous studies we had
improved thermal stability of Agrobacterium tumefa-
cience D-allulose 3-epimerase by several folds, without
compromising catalytic performance of the enzyme.
Recently, we have reported a thermostable D-allulose
3-epimerase, DaeM, by investigating a thermal spring
metagenome. Currently, we have characterized a novel
D-allulose 3-epimerase of Bacillus sp., exhibiting pro-
fuse heat-stability with high turnover number.

Rare sugars are emerging as potential alterna-

A thermostable D-allulose 3-epimerase of Bacillus
sp. origin for D-allulose production: The public pro-
tein database was mined to search for a novel D-al-
lulose 3-epimerase of Bacillus sp. origin. The gene
mining resulted identification of a novel putative D-al-
lulose 3-epimerase encoded in the genome of Bacillus
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sp. KCTC13219. The codon optimized DNA fragment
was chemically synthesized and expressed in a strain
of Bacillus subtilis. The protein was extracted and pu-
rified following standard methods. The purified pro-
tein, DaeB, was characterized for its catalytic function
in a wide range of temperature and pH. The maxi-
mum activity (80% or more relative activity) for cata-
lyze the transformation of D-fructose to D-allulose was
obtained in the pH range of 6.0 to 10.0, and 50-65°C
temperature (Figure 1). Thermal stability of protein is
an important feature to establish industrial processes
for D-allulose production. DaeB was exposed to heat
for an extended period of time and activity was recod-
ed at different time points to examine the half-life of
the protein. Interestingly, DaeB displayed a half-life of
about 25 days at 50°C (Figure 1). The catalytic potential
of DaeB was also examined by recoding the turnover
number. It displayed elevated turnover number (kcat =
367.84 s-1), which is a critical parameter for its indus-
trial use. With excessive thermal stability at 50°C and
high turnover number DaeB has a very high potential
for D-allulose production at industrial scale. The enzy-
matic (DaeB) treatment of 700 g/L D-fructose yielded
about 200 g/L D-fructose in about 90 min. The cou-
pling of the Baker's yeast treatment of the enzymati-
cally processed reaction mixture further yielded about
214 g/L ethanol by fermenting the remaining untrans-
formed fraction of D-fructose.
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Figure 1. Western blotting showing expression of DaeB
protein expressed in Bacillus suptilis (A). Relative activ-
ity of DaeB showing the effect of pH (B), temperature
(C), metal salts (1 mM) (E) and increasing concentration
of MnCl2 and CoCl2 (F) on the catalytic performance.
Effect of heat exposure (50°C and 55°C) on the stability
of DaeB (D). The values are mean of three biological
replications + standard deviation.
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Figure 2. Homology model of a novel Type | pullulanase (PulM), and SDS page showing its heterologous expression (a).
Temperature and pH activity profiles of of PulM. SEM of native and resistant starch samples (c), Characterization of resis-
tant starch type Il by XRD (d) and TGA analysis (e), and In vitro digestibility (f).
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A novel type 1 pullulanase for biosynthesis of resis-
tant starch type lll: The type of starch that escapes
intestinal digestion is called as resistant starch. It exerts
metabolic and colonic health benefits. Type Il resis-
tant starch is of specific interest due to its increased
thermal stability that helps in preserving its function-
ality during food processing steps. Type | pullulanase
catalyzes hydrolysis of a-1,6-glycosidic bonds present
at branching points in the amylopectin, releasing lin-
ear glucan chains. Thus, treatment of Type | pullula-
nase increases the amylose content in starch. Retro-
gradation of Type | pullulanase treated starch results
into synthesis of resistant starch type Ill. We have in-
vestigated thermal spring metagenome of the Sikkim
Himalayasn region and identified a novel type | pullu-
lanase gene. The gene was cloned and expressed in
heterologous host and the purified protein, PulM, was
biochemically characterized.

The metagenome of hot spring Sikkim Himalaya
was mined for the identification of a novel type | pul-

lulanase. The gene did not show match with any DNA
sequence in the public nucleotide database (NCBI NR).
At protein level, it exhibited the maximum identity of
93% from Exigaubacterium sp. strain. The novel pullu-
lanase was expressed in a heterologous host and the
protein was purified and biochemically characterized
by using pullulan as substrate (Figure 2). The novel pul-
lulanase (PulM) exhibited substantially high (50-100%)
catalytic activity in the temperature range of 4°C-40°C,
with optimal activity at 40°C. The activity was higher in
the pH range of 6-8, and a good pH stability was also
observed in the range of 6-10pH for 48 h. It showed
substantially good stability at 40°C for up to 40 days, by
retaining more than 80% of its initial activity (Figure 2).
Starch is the second largest biomolecule on earth after
cellulose and its utilization into value added products
can be of huge potential at industrial level. In view of
this, we have processed the starch extracted from po-
tato into resistant starch type Ill molecules. The potato
starch was debranched using PulM, followed by retro-
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Figure 3. The SDS-PAGE analysis of CelM protein (a) and its homology model (b). Effects of pH on CelM'’s activity (c) and
stability (d). Effect of temperature on CelM's activity (e) and stability (f).

gradation and precipitation of resistant starch (Figure
2). The yield of type Il resistant starch from starch was
estimated to be about 45%. The type Il resistant starch
was characterized by analytical techniques that con-
firmed increased crystallinity and heat stability of type
Il resistant starch as compared to the native potato
starch. Further, resistant starch showed resistance to
enzymatic digestion.

A novel thermo-halo-tolerant endoglucanase for
cellulose hydrolysis: Cellulose is an abundant renew-
able biomass on this planet. It constitutes a long chain
of D-glucose monomeric units linked by B-1,4-glycosid-
ic bonds. An efficient and low cost process is required
to meet the demand of cellulose bio-processing. Endo-
glucanase is an important enzyme required for biopro-
cessing of cellulose. It hydrolyzes cellulose, releasing
cello-oligosaccharides. These are known for cellulose
degradation in various industrial processes. Many en-
doglucanases have been reported in the literature,
however, there is an increasing demand for efficient
and robust enzyme for biomass processing activities.
We have investigated extreme temperature thermal
spring for identification and characterization of a novel
thermo-halo-tolerant endoglucanase.

The metagenomic data recource generated
from an extreme temperature aquatic habitat was
mined for identification of a novel gene encoding
GH5 endoglucanase (CelM) endoglucanase. The gene

did not show identity with any of the DNA sequences
available in public nucleotide database (NCBI NR). Fur-
ther, CelM exhibited 62% of maximum identity with a
GH5 endoglucanase (HEY64700) at protein level from
Caldilineae bacterium. The gene was expressed in a
heterologous host, and the protein was purified and
biochemically characterized by using Na-CMC as sub-
strate. The CelM exhibited an optimum pH of 6.0 and
showed maximum activity at 80°C (fig. 1b and 1c).
CelM had a wide range of pH and temperature sta-
bility. It recorded 48% of residual activity at pH 3 and
77% at pH 11. Also, it retained nearly T00% activity at
50°C for 110 h. CelM exhibited a half-life of 65 h at 60°C
and 8 h at 80°C (Figure 3). The catalytic activity of CelM
was observed to be enhanced by 10% to 30% in the
presence of TmM Mn and Co. As EDTA did not show
any effect on the activity, CelM is categorized as a met-
al independent enzyme. Additionally, it showed high
tolerance towards organic solvents except for butanol.
CelM exhibited about 50% of its relative activity in the
presence of several commercial detergents and retain-
ing high detergent tolerance (Figure 4). CelM exhibited
an incredible salt tolerance, retaining about 100% of its
activity in the presence of 3 M NaCl and KCl for 30 days
(Figure 4). However, it showed a loss of 20% activity
when incubated with 3 M LiCl. Further, the hydrolysis
of Na-CMC also resulted in formation of cello-oligosac-
charides with a degree of polymerization ranging from
2-5. By conducting HPLC analysis, it was depicted that
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Figure 4. The activity profile of CelM in the presence of various metal, deter-
gents and organic solvents (a). The effect of commercial detergents and salts
of CelM (b, c). The effect on CelM after incubation for 30 days under saline
conditions (d). TLC of CelM hydrolyzed amorphous cellulose (e).

after 24 h of hydrolytic reaction by CelM, 1.33 mgmL-1
and 0.945 mgmL-1 of cellobiose and cellotriose were
produced from 10 mgmL-1 of substrate (CMC).

Characterization of a novel B-glucosidase with in-
creased thermostability and tolerance to glucose
and ethanol: f-glucosidases are glycoside hydrolyzing
enzymes that cleave $-1,4-glycosidic bond in alkyl- and
aryl-glycosides. B-glucosidases are majorly classified
into GH1 and GH3 CAZy families. In the bioprocessing
of cellulosic biomass, B-glucosidase acts as a rate lim-
iting enzyme by regulating the final product of the hy-
drolyzed cellulose, i.e., glucose. In industrial processing,
often glucose inhibits the action of B-glucosidase. Many
thermostable B-glucosidases show activity reduction in
the presence of glucose, whereas, many glucose toler-
ant B-glucosidases are thermolabile. Therefore, indus-
trial bioprocessing of biomass demands for a thermo-
stable B-glucosidase with high glucose tolerance. The
extreme temperature thermal spring metagenome

103

was explored for identification of a novel B-glucosidase
with elevated thermal stability and glucose tolerance.

An extreme temperature metagenomic resource
was mined for a novel GH1 B-glucosidase (BglM). The
gene sequence of bglM was queried against NCBI-NR
nucleotide database, but it did not show any identi-
cal sequence. The alignment against NCBI-NR protein
database resulted in 63% of maximum identity with
an uncharacterized protein from Leptonema illini
(KAB2935167.1). The gene was cloned and expressed
in a heterologous expression host. The protein (BglM)
was purified and characterized by using PNPg as sub-
strate. The BglM exhibited an optimum reaction con-
ditions at temperature of 60°C-70°C and 5 pH (Figure
5). BglM showed a high temperature stability retain-
ing 80% of residual activity after incubation for 40 h
at 50°C. It exhibited a half-life of 30 h at 60°C (Figure
5). BglM retained nearly 80% activity at a pH range of
5-7pH revealing significant pH stability (Figure 5). The
activity of BglM was analysed in the presence of various
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Figure 5. SDS-PAGE analysis of BgIM and its homology model (a). The effect of pH on the activity of BglM (b). Effect of
temperature on the activity of BglM (c). pH and thermal stability profiles of BgIM (d,e).

metals. Since, EDTA did not show any effect on catalyt-
ic potential of BglM, therefore, it was considered to be
metal independent enzyme. Further the effect of or-
ganic solvents was studied and it was concluded that
only SDS and APS showed a drastic negative effect on
the activity of BglM (Figure 6).
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Figure 6. The activity profile of BglM in the presence of
metal ions (a), chemicals and organic solvents (b), glucose
(c), and ethanol (d).
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Salient Achievements

¢ A novel D-allulose 3-epimerase of Bacillus
sp. has been biochemically characterized for
D-allulose production. The enzyme with pro-
fuse heat-stability and high turnover number
is a very promising biocatalyst for industrial
production of D-allulose.
A novel type | pullulanase has been bio-
chemically characterized for debranching
of starch, followed by synthesis of resistant
starch type lll.
A novel endoglucanase has been biochem-
ically characterized for cellulose hydrolysis.
With considerable thermostability and ha-
lo-tolerance, it is a potential biocatalyst for
cellulosic biomass processing applications.
A novel thermotolerant B-glucosidase has
been characterized that exhibit considerable
glucose and ethanol tolerance. It has cata-
lytic potential to hydrolyze cellobiose, cello-
oligosaccharides, lactose, and aryl-glycoside
molecules. It is as a potential biocatalyst to
be used in cellulase cocktails and for trans-
forming the anti-nutrient glycosidic precur-
sors in soya and wine products.
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lobally, ~1.3 billion tons of agri-food by-products
G as waste are produced. The treatment and dis-

posal of these by-products is also a problem for
the food processing industry. As a result of the exces-
sive burden on treatment facilities and waste manage-
ment systems in the business, a large volume of food
by-products that could have otherwise been utilized as
a nutrient-rich raw material which is squandered. Mal-
nutrition is caused by a nutrient-deficient diet, which
is especially prevalent in poor and underdeveloped
countries. One technique for reducing malnutrition is
to include supplementary nutrients from alternative
sources, such as food processing by-products, which
contain carbs, proteins, lipids, and minerals and can be
turned into a variety of value-added products. There-
fore, developing high-protein, high-fiber, high-antiox-
idant, and high-mineral substitutes by incorporating
nutrient sources from agri-food industry by-products
like corn gluten meal, whey, and fiber sources from
food industry by-products like kinnow pulp residue,
apple pomace, corn fiber, and mango seed kernel is
critical. This may aid in the prevention of malnutrition
in children and metabolic issues in adults. Rice straw
is another widely available lignocellulosic biomass that
can be used to make xylitol, a food-grade functional
molecule. Because of its low glycemic index, xylitol is a
natural sweetener that is low in calories and safe for di-
abetics. It has been shown to have prebiotic potential,
as well as the ability to support intestinal health, bone
metabolism, and tooth decay prevention. So, utilizing
food leftovers for the production of value edible prod-
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ucts not only provides an effective approach to valorize
agro-industrial wastes, but also a way to manufacture
a nutritionally rich product to combat nutritional defi-
ciencies and the emergence of diseases caused by it.
Due to its plant-based origin, cost-effectiveness, and
high nutritional value, this intervention has a good
probability of being embraced by most marketers and
consumers.

1. Anti-oxidative protein hydrolysate from corn glu-
ten meal with dairy whey: Corn gluten meal (CGM) is
a by-product of corn starch processing industry, having
>60% (w/w) protein content. But, the dearth of amino
acids such as Lys and Trp is responsible for its low ami-
no acid profile, which greatly hampers its enormous
potential in the food industry. Hydrolysing the CGM
with whey (by-product of dairy industry) makes it more
valuable. Whey is a by-product of cheese /casein mak-
ing process from milk and is enriched with Trp, Lys and
other essential amino acids. The potential of CGM as a
protein supplement, can be unleashed by enzymatic
hydrolysis along with the improvement of its water sol-
ubility and bioavailability. CGM hydrolysate has better
functional properties like high anti-oxidative capacity,
emulsifying and foaming capacity, radical scavenging
activity compared to CGM.

The modern study represents a tailor made combi-
natorial method to prepare protein complement from
Corn Gluten Meal (CGM). The green solvent (limonene)
for deodorization accompanied by means of enzy-
matic hydrolysis for enriching in lysine became used
to solve CGM problems, inclusive of its off-scent and
absence of lysine. 25% limonene exhibited the maxi-
mum deodorizing capacity by removing and/or mask-
ing the smell formed due to carotenoid degradation
as compared to other solvents studied. Proteolysis of
deodorized CGM by different protease enzyme sourc-
es, were tested for CGM digestibility using liquid whey
as medium and amino acid profile of the resultant
hydrolysate. Highest degree of hydrolysis i.e. 65.05 %
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Figure 1. (A) Kinetic parameters analyzed by Gaussian
model for corn gluten meal digestibility with time by P3
(Enzyme conc.(Eo) = 500 U /g, T=50°C, pH = 10)(a) Gauss-
ian curve fitting with P1, P2, P3 and (b) Model predictions
and Actual value projection (the predicted plot of Gauss-
ian model compared with CGM digestibility by enzymes
P1, P2, P3 with respect to time).
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persity index and zeta-potential.
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Figure 2. (a) The schematic diagram for the development of the LNSR using lignin and its different applications. (b) Vi-
sual observation of stability of the LNSR at various pH conditions. (c) Stability study of the LNSR in terms of size, polydis-

l 1500 ml

Retentate

|

(w/w) was achieved with alkaline protease from Asper-
gillus oryzae along with good lysine (3.89 % w/v) and
tryptophan (2.36 % w/v) at optimal conditions. Kinetic
modelling studied by Gaussian model on CGM digest-
ibility, it was observed that all the three enzymes fit
well in the Gaussian model for enzyme hydrolysis. All
the three enzymatic hydrolysis showed high regression
(R2) values of more than 0.9 showing a good agree-
ment between the experiments and the fitted mod-
el for all three hydrolysis patterns as shown in Fig. 1.
Further, CGM hydrolysate purified by tangential flow
filtration (TFF) and the peptides of size upto 37 kDa
were produced using alkaline proteolysis. The combi-
nation of purified peptides possessed a high in-vitro
antioxidant activity. CGM hydrolysate contained higher
ash content (5.8 %) indicating greater mineral, less fat
and sugar content in comparison to commercial whey
protein, indicating a high presence of minerals. Stud-
ied the scaled up process comprises de-odouring, hy-
drolysate production and its mass balancing, followed
by purification. Whereas, 1000 g CGM was de-odoured
using 25% (v/v) of limonene (Fig. 2). Results exhibited
that CGM hydrolyzed up to 60 % when treated with 3
% P3 for 30 h of incubation at 55°C. The scale-up and
cost analysis of the whole process was evaluated and
it was revealed that the developed product is scalable
and can be marketed as protein supplements.

2. Effect of packaging materials on the shelf-life of
nutritional vermicelli supplemented with enzyme
processed kinnow pulp residue: Food industry waste
consists of high amount of nutrients and minerals
and fiber content, but due to bitterness causing com-
pounds especially in citrus by-products, these cannot
be used directly in preparation of healthy extruded
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products. Enzyme debittering of kinnow juice industry
byproducts was carried out and then supplemented
into vermicelli. Study has been focused upon the stor-
age stability of the supplemented extruded product in
different packaging materials. The supplementation of
enzyme debittered kinnow pulp residue can enhance
the antioxidant activity and dietary fiber content of ver-
micelli besides value addition of the byproduct. Fur-
thermore, BOPP has potential for commercial packag-
ing without adversely affecting their physiochemical
and sensory properties as compared to LDPE pouches.

Packaging material plays an important part in the
shelf-life of food products. The present study has been
focused on studying the effect of packaging materi-
als-low density polyethylene (LDPE) pouch and bi-ax-
ially oriented polypropylene (BOPP) pouch on the
quality of vermicelli produced by supplementation of
debittered kinnow pulp residue with storage time. 15%
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Figure 3. (a, b) Changes in the moisture content of con-
trol and enzyme-treated pulp residue-supplemented
vermicelli in LDPE and BOPP pouches during storage.
Control, refined flour vermicelli; supplemented, enzyme
debittered kinnow pulp residue-supplemented vermicel-
Li.
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Parameters Mango butter Cocoa butter

Saponification value (ng KOH/g fat) 179.52+1.23 190.74= 2.01

Iodine value (g iodine/100g fat) 41.9£0.75 35.56+0.83

Acid value (%) 4.48+0.10 2.24+0.21

Farty acid composition (%)

cile 2.88+0.24 2.97+033
Ci8:0 36.22+ 0.41 37.31+0.50
Ci18:1 34.81+0.32 33.21+0.28
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Figure 4. (a, b) Changes in the hardness of control and
enzyme-treated pulp residue-supplemented vermicelli in
LDPE and BOPP pouches during storage. Control, refined
flour vermicelli; supplemented, enzyme debittered kin-
now pulp residue-supplemented vermicelli.

(15g) of debittered kinnow pulp residue was mixed
with 85% (85 g) refined flour to make a semisolid un-
leavened dough by addition of 30 mL water. The con-
sistent dough formed was left to rest for 20 min which
was then extruded through Teflon-coated die (2.25
mm) in pasta-making machine, and whole process
was carried out at ambient temperature. The mois-
ture content of supplemented vermicelli increased
from 5.11 to 7.12% in LDPE pouches after 90 days and
511 to 6.98% in BOPP pouches after 180 days (Fig.
1). Hardness reduced from 28.89 to 13.42 N in LDPE
pouches after 90 days of storage and 28.89 to 15.98 N
in BOPP pouches after 180 days (p > 0.05) (Fig. 2). Ad-
ditionally, the total plate count was found to be more
in vermicelli stored in LDPE pouches as compared to
samples stored in BOPP pouches. On the basis of over-
all acceptability, the supplemented vermicelli samples
packed in LDPE pouches were stable up to 90 days
and in BOPP up to 180 days. The results revealed that
BOPP has potential for commercial packaging for anti-
oxidant-rich extruded food products without adversely
affecting their physiochemical and sensory properties.

3. Potential Cocoa Butter Substitute Derived from
Mango Seed Kernel: After processing mango, for juice,
pickle, puree etc. the most common problem encoun-
tered is the disposal of the byproduct generated. The
hidden resource of mango seed kernel is 7-15 % butter.
It can be extracted by cold-pressing, organic solvents,
and supercritical extraction. It has valuable essen-
tial fatty acids, vitamins and minerals. At room tem-
perature, it became solid, has smooth creamy color
and gives nutty and sweet flavor in its pure form. The
price of cocoa butter increases annually due to limit-
ed sources, high plant growth dependence on climatic
conditions, region-specific cultivation, and tempering
difficulties. Therefore, an economical source that has
similar properties like cocoa butter is needed as an
alternative in the future. Recently a few studies have
highlighted the potential of mango kernel butter as an
alternative to cocoa butter for wide applications like
cosmetic, pharmaceutical, food due to its anti-oxidant
activity and healthy fatty acids.

In this study, the mango kernel butter was extract-
ed from the Indian variety Chausa. Its properties were
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similar to cocoa butter, with respect to palmitic, oleic,
and stearic acids, and it had the ability to substitute
80 percent of dark chocolate preparation. The physico-
chemical properties were studied to assess its suitabili-
ty as an alternative to cocoa butter (Table 1).

Table 1. Physiochemical properties of mango butter.
Parameters Mango butter Cocoa butter
Saponification value (ng KOH/g fat) 179.52+1.23 190.74= 2.01
Iodine value (g iodine/100g fat) 41.9£0.75 35.56+0.83
Acid value (%) 4.48+0.10 2.24+0.21
Farty acid composition (%)

cle 2.88+0.24 2.97+0.33

Ci18:0 36.22+0.41 3731+ 0.50

Ci8:1 34.81+0.32 33.21+0.28

C18:0 and C18:1were the fatty acids found in consid-
erable amount in both mango butter and cocoa but-
ter. The measured values of fatty acid compositions of
mango butter were equivalent to cocoa butter as re-
ported previously. The FTIR spectra of cocoa butter and
mango butter exhibit almost similar bands particular
to the fat constituents present in the sample as shown
in Fig 1. All peaks were common in a spectrum of both
cocoa and mango butter. However, mango butter in-
dicated one additional peak at 2684 cm-1 that is at-
tributed to C-H stretches. The only spectral difference
in cocoa butter and mango butter was observed in the
wavenumber region 3000-2500 cm-Twith a key peak
at 2684 cm-1 attributed ton C-H stretches. The induc-
tion time was determined by rancimat method. The
induction time of the cocoa butter and mango but-
ter was investigated at 120°C. It was detected that, an
induction time at 120°C for cocoa butter is lower i.e.
9.48 h than mango butter which was 14.32 h (Fig. 2).
It revealed that the mango butter has high shelf life in
comparison to cocoa butter due slow oxidation. The
blend ratios indicated that chocolate with MB content

100
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2 ]
g 70—-
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500 1000 1500 2000 2500 3000 3500 4000
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Figure 5. FTIR spectra for cocoa butter and mango butter.
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Figure 6. Graphic determination of the induction time
(t) by the Rancimat method a) Cocoa butter b) Mango
butter.

of 80% and a CB content of 20% had the highest ac-
ceptability. Thus, the findings suggested that mango
butter can be used as a cocoa butter substitute. The
sensory score attributes of color, appearance, texture,
flavor, taste and overall acceptability of chocolate in-
dicated non-significant differences between the con-
trol chocolate and the chocolate with 80% MB (mango
butter). The mango butter tested and characterized as
a cocoa butter substitution, revealed that the mango
butter is of comparable performance and composition.
Mango butter, which is derived from mango seed ker-
nels, can be used in place of cocoa butter. The blend
ratios indicated that chocolate substitute with an MB
content of 80% and a CB content of 20% had the high-
est acceptability. Thus, the findings suggested that
mango butter can be used as a cocoa butter substi-
tute. This processed product from mango by-products
ensures reduction in environmental pollution substan-
tially and also benefits the processing unit's operations
economy.
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4. Efficient process development for xylitol produc-
tion from agricultural residues: Rice straw (RS) is an
abundantly available lignocellulosic agricultural bio-
mass around the world (>580 MT/yr). Impregnation
with acid catalysts like sulfuric acid (H2SO4) in steam
pretreatment promotes the degradation of hemicel-
luloses to monosaccharides. So, it also enhances the
pretreatment efficiency. Pre-treatment of biomass
with dilute acid solution, liberates xylose easily as com-
pared to glucose. Fermentation of the pretreated RS
hydrolysate (pre-hydrolysate) and semi-defined medi-
um (control) for xylitol production in a 14 L fermentor
was also studied. Traditionally, xylitol is generated by
the chemical route from D-xylose using Raney nickel
as a catalyst which is a costly process and also causes
pollution. On the contrary, the bioconversion of xylose
to xylitol using hemicellulosic hydrolysates by micro-
organisms is more economical, efficient and environ-
mentally friendly.

Process scale up of rice straw pretreatment: The over-
all mass balance equation of scaled up process in-
cluding acid treated RS, xylose recovery in hydrolysate,
purification and concentration followed by fermenta-
tion and xylitol production is shown in From 5 Kg RS,
681.93 g (Fig. 1) xylose was extracted in the hydrolysate
leading to the production of 363.23 g xylitol and 1500
g (wet weight) cell biomass in the fermentation broth.

Statistical analysis of pretreatment process: To sta-
tistically analyze the parameters of pretreatment
and effect of their interaction on xylose extraction,
Box-Behnken design of RSM was used. The measure
of xylose formation was given by the quadratic model
equation as a function of reaction time, acid concen-

Washing & D H.50, Precipitation with % B
X Drying (1part RS- 10parts acid) Ba(OH), Ba(S0).
Rice straw ¢ + I
- Acid catalysed Raducton'’i
Processing Presoaking — steam explosion |-#| Neutralization ;' e
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solid fraction separation -
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Figure 7. The overall mass balance pilot scale pretreatment process, including AT, xylose recovery and purification (AT,
Acid treated; RS, Rice straw).
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Parameters Rice straw hydrolysate Control media
Inoculum size (g/l) 5.0 5.0

Biomass (g/1) 30 30.5

Xvlose (g/1) 45 45.73

Xvlitol (g/1) 25.8 27.84

Xylitol yield, Yp/x (g/g) 0.60 0.63

Xylitol productivity (g/l/h) 0.26 0.28




CIAB: Annual Report 2020-21

B
11‘;;.: LSS,
Al Oy ¥ 0 gt ‘\\
RSN

T T TR K
A AL TR TR A <) -
g 7 II"':":' () 5
i §
3 "Q:Of‘f“’. H

Effect of soaking time and concentration.

14-4:"";-"':0""*" Koo,
A P
/ I;;é,::o::ﬁ:#:; <=

LT 5L SRR
Ly 0y 0e%

Z %"
B S0 0,
E'H.'n,o

splese igfM

Figure 8. Response surface plots of effect of process variables on xylose yield during steam dilute acid catalyzed steam
pretreatment process. A. Effect of acid concentration and reaction time; B. Effect of soaking time and reaction time; C.

tration and presoaking time which are represented by
coded factors as shown below:

Y=14.47+3.23A+1.29B-0.6713C-
0.3000AB+0.1125AC+0.0200BC-3.03A2-3.24B2-3.45C2

where, Y = xylose yield (g/l), 14.47 is the intercept value
and 14 set of experiments were carried out. A, B and
C were reaction time, acid concentration and soak-
ing time respectively. F-value of 142.56 was observed
when the regression model was fit to experimental
result of xylose production from shredded RS imply-
ing the significance of the model (p < 0.05). Also, The
predicted R2 (0.9579) and adjusted R2 (0.9899) were
seen in proximate agreement between the theoreti-
cal estimates and experimental results. It was also ob-
served that xylose yield (g/l) increased with increase
in acid concentration to 1.75 % (v/v) beyond which it
started decreasing. Similarly, trend was observed for
presoaking and reaction time where xylose yield (g/l)
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Figure 9. Fermentation profile of C. tropicalis MTCC 6192
for xylose utilization and corresponding xylitol production.

Table 2. Substrate consumption and product synthesis variables during microaerobic batch fermentation in rice straw
hydrolysate and on control media.

Parameters Rice straw hydrolysate Control media

Inoculum size (g/l) 5.0 5.0

Biomass (g/l) 30 30.5

Xylose (g/l) 45 45.73

Xvlitol (g/1) 25.8 27.84

Xylitol yield, Ypix (g/g) 0.60 0.63

Xylitol productivity (g/l/h) 0.26 0.28
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Figure 10. Phylogenetic tree of identified strain M. guilliermondii CIAB-1.

enhanced with increase in time till 30 h and 35 min,
beyond which it started decreasing. Response surface
3D (Fig. 2) plots indicating effect of each variable and
their interaction on xylose yield during pretreatment
process have been provided below.

Fermentation using standard culture: Yeast strain C.
tropicalis MTCC 6192 was used for evaluating fermen-
tation in a 5L neutralized rice straw hydrolysate and
control media with synthetic xylose. Batch fermenta-
tion lasted for 96 h at 30 °C and 150 rpm (Fig.3). High-
est xylitol yield of 25.8 g/l (60 % fermentation and 0.26
g/l/h productivity) and 27.84 g/l (63 % fermentation ef-
ficiency and 0.28 g/l/h productivity) was achieved for
pre-hydrolysate and semi-defined control media re-
spectively (Table 1).

Identification of isolated wild strain: The isolated strain
named CIAB1 was sent to IMTECH Chandigarh and
was identified as Meyerozyma guilliermondii using 18s
ITS gene sequencing data (Fig. 4).
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Publications from CIAB

RESEARCH PAPERS

*

Purohit A, Yadav S.K* (2020) Characterization of a thermotoler-
ant and acidophilic mannanase producing Microbacterium sp.
CIAB417 for mannooligosachharide production from agro-resi-
dues and dye decolorization. International Journal of Biological
Macromolecules 163, 1154-1161

Rai S, Kaur H, Kauldhar B.S, Yadav S.K* (2020) A dual enzyme
metal hybrid crystal for the direct transformation of whey lactose
into a high value rare sugar D-tagatose: synthesis, characteriza-
tion and a sustainable process. ACS Biomaterials Science & Engi-
neering 6, (12), 6661-6670

Thakur K, Kumar V, Kumar V, Yadav SK* 2020. Genomic charac-
terization provides genetic evidence for bacterial cellulose syn-
thesis by Acetobacter pasteurianus RSV-4 strain. International
Journal of Biological Macromolecules 156: 598-607.

Paul S, Thakur N. S, Chandna S, Reddy Y. N., Bhaumik J.* (2021).
Development of a light activatable lignin nanosphere based
spray coating for bioimaging and antimicrobial photodynamic
therapy, Journal of Materials Chemistry B, 9, 1592-1603.
Chandna, S.; Thakur, N. S;; Kaur, R.; Bhaumik, J3.* (2020) “Lignin-Bi-
metallic Nanoconjugate Doped pH-Responsive Hydrogels for
Laser-Assisted Antimicrobial Photodynamic Therapy’, Biomacro-
molecules, 21, 3216-3230.

Kirar, S;; Chaudhari, D; Thakur, N. S;; Jain, S.; Bhaumik, J.; Laha, J.
K.; Banerjee, U. C. (2021). Light-assisted anticancer photodynam-
ic therapy using porphyrin-doped nanoencapsulates, Journal of
Photochemistry and Photobiology B: Biology, 220, 112209.
Thakur, N. S.; Mandal, N,; Patel, G; Kirar, S.; Reddy Y. N., Kushwah,
V. Jain, S;; Kalia, Y. N.; Bhaumik, J.; Banerjee, U. C. (2021). Co-ad-
ministration of zinc phthalocyanine and quercetin via hybrid
nanoparticles for augmented photodynamic therapy, Nanomed-
icine: Nanotechnology, Biology and Medicine, 33, 102368.
Kaushal G, Rai AK, Singh SP* (2021) A novel B-glucosidase from
a hot-spring metagenome shows elevated thermal stability and
tolerance to glucose and ethanol. Enzyme and Microbial Tech-
nology 145, 109764

Joshi N, Kaushal G, Singh SP* (2021) Biochemical characteriza-
tion of a novel thermo-halo-tolerant GH5 endoglucanase from a
thermal spring metagenome. Biotechnology and Bioengineering
118:1531-1544

Thakur M, Sharma N, Rai AK, Singh SP* (2021) A novel cold-ac-
tive type | pullulanase from a hot-spring metagenome for effec-
tive debranching and production of resistant starch. Bioresource
Technology 320, 124288

Sharma M, Sangwan RS, Khatkar BS, Singh SP* (2021) Devel-
opment of a prebiotic oligosaccharide rich functional beverage
from sweet sorghum stalk biomass. Waste and Biomass Valoriza-
tion 12, 2001-2012

Chourasia R, Padhi S, Phukon LC, Abedin MM, Singh SP* Rai AK*
(2020) A potential peptide from soy cheese produced using Lac-
tobacillus delbrueckii WS4 for effective inhibition of SARS-CoV-2
main protease and S1 glycoprotein. Frontiers in Molecular Biosci-
ences. 7: 601753

Sharma N, Kumar J, Abedin MM, Sahoo D, Pandey A, Rai AK*,
Singh SP* (2020) Metagenomics revealing molecular profiling
of community structure and metabolic pathways in natural hot
springs of the Sikkim Himalaya. BMC Microbiology 20, 246
Kaushal G, Singh SP* (2020) Comparative genome analysis pro-
vides shreds of molecular evidence for reclassification of Leuco-
nostoc mesenteroides MTCC10508 as a strain of Leu. Suionicum.
Genomics 112(6), 4023-4031

S. Kumar, M. M. Devi, S. K. Kansal and S. Saravanamurugan, ‘Un-
tangling the Active Sites in Exposed Crystal Facet of Zirconium
Oxide for Selective Hydrogenation of Bioaldehydes, Catal. Sci.
Technol. 10 (2020) 7016-7026.

H. Wu, W.Dai, S. Saravanamurugan, Z.Yu, H.Li and S.Yang, ‘Endoge-
nous X-C=0 species enable catalyst-free formylation prerequisite
for CO2 reductive upgrading’, Green Chem. 22 (2020) 5822-5832.
M Singh, N Pandey, BB Mishra,* 2020. A divergent approach for
the synthesis of (hydroxymethyl)furfural (HMF) from spent aro-
matic biomass-derived (chloromethyl)furfural (CMF) as a renew-
able feedstock, RSC Advances 10, 45081.

Singh S, Kaur D, Yadav SK, Krishania M* (2021), Process scale-up
of an efficient acid-catalyzed steam pretreatment of rice straw for
xylitol production by C. tropicalis MTCC 6192. Bioresource Tech-
nology,124422.

Singla G, Singh U, Sangwan R.S., Panesar P.S, Krishania M* (2021)
Comparative study of various processes used for removal of bit-
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terness from kinnow pomace and kinnow pulp residue. Food
Chemistry 335 (127643), 1-9.

Singla G, Panesar PS, Sangwan RS, Krishania M* (2020), Enzymatic
debittering of Citrus reticulata (Kinnow) pulp residue and its uti-
lization for the preparation of vermicelli. J. Food Process Preserv.
https://doi.org/10.1111/jfpp.15135.

Singla G, Panesar PS, Sangwan RS, Krishania M* (2020) Enzymatic
processing of Citrus reticulata (Kinnow) pomace using naringi-
nase and its valorization through preparation of nutritionally en-
riched pasta. Journal of Food Science and Technology, 1-8.

Kaur D, Singla G, Singh U, Krishania M* (2020), Efficient process
engineering for extraction of hemicellulose from corn fiber and
its characterization. Carbohydrate Polymer Technologies and Ap-
plications, 100011.

Sharma A, Mandal T, Goswami S (2021) Fabrication of cellulose
acetate nanocomposite films with lignocelluosic nanofiber filler
for superior effect on thermal, mechanical and optical properties.
Nano-Structures & Nano-Objects

Sharma A, Mandal T, Goswami S (2021) Dispersibility and stability
studies of cellulose nanofibers: implications for nanocomposite
preparation. Journal of Polymers and the Environment (2020).
Rai S K, Kumar V, Yadav SK* (2021). Development of recyclable
magnetic cross-linked enzyme aggregates for the synthesis of
high value rare sugar d-tagatose in aqueous phase catalysis. Ca-
talysis Science & Technology 11,2186 - 2194

Purohit A, Singh G, Yadav SK* (2021). Chimeric bi-functional en-
zyme possessing xylanase and deacetylase activity for hydrolysis
of agro-biomass rich in acetylated xylan. Colloids Surf B Biointer-
faces. Doi: 10.1016/j.colsurfb.2021.111832

Kumar V, Sharma DK, Sandhu PP, Jaduan J, Sangwan RS, Yadav
SK* (2021), Sustainable process for the production of cellulose
by an Acetobacter pasteurianus RSV-4 (MTCC 25117) on whey
medium. Cellulose 28, 103-116

Khubber S, Chaturvedi K, Thakur N, Sharma N., Yadav S.K* (2021).
Low-methoxyl pectin stabilizes low-fat set yoghurt and improves
their physicochemical properties, rheology, microstructure and
sensory liking. Food Hydrocolloids. 111, 106240

Kauldhar BS, Sooch BS, Rai SK, Kumar V, Yadav SK* (2021) Recov-
ery of nanosized silica and lignin from sugarcane bagasse waste
and their engineering in fabrication of composite membrane
for water purification. Environmental Science and Pollution Re-
search 28, 7491-7502

REVIEW PAPERS

*

Kirar, S; Thakur, N. S; Reddy Y. N., Banerjee, U. C, Bhaumik, J.
Insights on the polypyrrole based nanoformulations for photody-
namic therapy, Journal of Porphyrins and Phthalocyanines, 2021,
doi.org/10.1142/S1088424621300032.

Bhardwaj, S. K; Singh, H.; Deep, A; Khatri, M.; Bhaumik, J. Kim, K.-
H.; Bhardwaj, N UVC-Based Photoinactivation as an Efficient Tool
to Control the Transmission of Coronaviruses, Science of The Total
Environment 2021, 792, 148548.

Hunjan, M. K; Panday, S; Gupta, A; Bhaumik, J; Das, P. Laha, J. K.
Recent advances in functionalization of pyrroles and their transla-
tional potential, The Chemical Record, 2021, 21, 715-780
Bhardwaj, S. K; Bhardwaj, N; Kumar, V. Bhatt, D; Azzouz, A;
Bhaumik, J; Kim, K.-H.; Deep, A. Recent progress in nanomateri-
al-based sensing of airborne viral and bacterial pathogens, Envi-
ronment International, 2021, 146, 106183.

Chourasia R, Abedin MM, Phukon LC, Sahoo D, Singh SP* Rai AK*
(2021) Biotechnological approaches for the production of design-
er cheese with improved functionality. Comprehensive Reviews
in Food Science and Food Safety 20:960-979

Garg M, Sharma A, Vats S, Tiwari V, Kumari A, Mishra V, Krishania
M (2021), Vitamins in cereals: Critical review of content, health
effects, processing losses, bioaccessibility, fortification and biofor-
tification strategies for their improvement. Frontier in Nutrition
8, 254.

Sharma A, Anjana, Rana H, Goswami S (2021) A Comprehensive
Review on the Heavy Metal Removal for Water Remediation by
the Application of Lignocellulosic Biomass Derived Nanocellu-
lose”. Journal of Polymers and the Environment

Anjana, Raturi G, Shree S, Sharma A, Panesar PS, Goswami S.
(2021) Recent approaches for enhanced production of microbial
polyhydroxybutyrate: Preparation of biocomposites and applica-
tions”. International Journal of Biological Macromolecules 182
1650-1669.
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Patents from CIAB

Patents Granted

*

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

A process for the production of functional biomolecules from
by-products of sugar and dairy industries. Indian Patent Appl. No.
201711006155; Patent number: IN 353513, Inventors: Singh SP,
Lata K, Sharma M, Patel SN, Sangwan RS

A process for biotransformation of banana pseudostem extract
into a functional juice enriched with prebiotic carbohydrate bio-
molecules. Indian Patent Appl. No. 201711009819; Patent No. IN
360411. Inventors: Singh SP, Sharma M, Patel SN, Sangwan RS

A novel method for D-allulose production from D-fructose
containing feedstock, and uses thereof. Patent Appl No.
201811023113. Patent Number: IN 353054. Inventors: Singh SP,
Patel SN

An improved process for production of food grade 6-O-ascorbyl
esters by chemical esterification of L-ascorbic acid with various
fatty acids and their simple purification, Indian Patent Applica-
tion No. 201811000397, Status: Granted, Patent no. 346078, dat-
ed 04/09/2020.

Patent filed (201811000749): Cornvita as a product from corn fi-
ber and dairy whey in any form or its derivatives process of its pro-
duction and uses thereof. (2018). Inventors: Krishania M, Sangwan
RS, Dalveer K, Singla G. (Patent no. 348500)

Patent granted: “Process for production of cellulose nanofibers”
Application number: 201911016698
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Patents filed

*

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

J. Bhaumik, S. K. Bhardwaj, Y. N. Reddy and R. Kaur, “Light activat-
able polypyrrolic metal organic framework composites and ap-
plications thereof”; Indian patent application no: 202011028994
J. Bhaumik, N. S. Thakur, S. Paul and Y. N. Reddy, “One pot, green-
er synthesis of agri-biomass lignin derived fluorescent metal
nanoclusters and applications thereof”; Indian patent application
no: 202011028996

A novel xylose isomerase from hot spring metagenome and uses
thereof. Indian Patent Appl. No. 202011050295. Inventors: Singh
SP, Patel SN

A method of hydrolysis of glycoside biomolecules by employing
a novel B-glucosidase from a thermal spring metagenome. Indian
Patent Appl. No. 202011037510 Inventors: Singh SP, Kaushal G
A method of cellulose hydrolysis by employing a novel endoglu-
canase from thermal spring metagenome and uses thereof. Indi-
an Patent Appl. No. 202011021885. Inventors: Singh SP, Joshi N
A novel process for the production of the anti-diabetic sugar,
D-allulose, by using a D-allulose 3-epimerase of Bacillus sp. ori-
gin. Indian Patent Appl. No. 202011018495. Inventors: Singh SP,
Patel SN

Curcumin fortified whey protein powder. Inventors: Mishra BB,
Kumar V, Yadav SK, Pandey N, Singh M, Negi P. Indian patent
application No. 201911037518, Dated 17/09/2020.

In situ enrichment of mosquito repellent para-menthane-3,8-di-
ols in Citronella (Cymbopogon winterianus) essential oil. Inven-
tors: Mishra BB, Singh M, Pandey N. Indian patent application No.
202111012965, Dated 25/03/2021.

Patent filed (202011054929): Process for the preparation of
chocolate with mango butter as a substitute for cocoa butter and
use thereof. (2020) Inventors: Krishania M, Kansal SK, Garg M.
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Extramural Grants and Fundings

*

Project initiated under DST-Agrotech with title ‘Agro-biomass de-
rived lignin based low-cost, water-resistant, self-cleaning nano-
films’ (duration 2 years, budget: Rs 60 lakhs).

DBT project T/PR17586/PFN /20/1195/2016 (2017-2020): A novel
approach of production of functional product from sweet sor-
ghum. Grant- Rs. 83.81 lakhs. Completed

BIRAC- Punjab State Biotech Corporation /145 (2020; six months)
Production of D-allulose, a functional ingredient, for develop-
ment of low-calorie food products. Grant: 10 Lakhs. Completed
BIRAC- Punjab State Biotech Corporation /146 (2020; six months)
Extraction of starch from potato processing waste and transfor-
mation into resistant starch molecules. Grant: 10 Lakhs. Complet-
ed

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

Consultancy research project entitled ‘Continuous - Flow Trans-
formation of Biomass-Derived Oxygenates to Methyl vinyl glyco-
late with Sn-Beta Catalysts: A Study into Long-Term Stability and
Deactivation of Sn-Beta' has been funded by Haldor Topsoe, Den-
mark (28.06 Lakhs) - ongoing (Dec 2020).

Development of water soluble curcuminoids powder for use as a
health additive, Funding agency: Punjab State Biotech Corpora-
tion under SAEN, DBT.

Utilization of Rice Residues for Value Added Product Develop-
ment (CIAB Flagship Project), DBT-Flagship Program (BT/CIAB-
Flagship/2018)- Utilization of Rice Residues for Value Added
Product Development.

Extraction and Estimation of Nanocellulose from Microalgae and
Cyanobacteria & Scale up for protein-based biomaterials from
bacteria” By Reliance Industries Ltd., For Rs. 50 lakh (approx).
Agro-biomass derived lignin based low -cost, water -resistant,
self-cleaning nano films” under Technology Development Pro-
gramme of DST. Approx. 60 lakhs.

127

CIAB: Annual Report 2020-21

Invited Talks by CIAB Faculty

*

Bhaumik, J. Agri-Biomass Derived Functional Nanomaterials and
Nanophotopigments for Sustainable Future, online Celebration
of International Women'’s Day, NIPER Hyderabad, 2021, March 8,
2021.

Bhaumik, J. Rapid conversion of agri-biomass based lignin into
functional nanomaterials for biological and industrial applica-
tions, “Valorization of lignocellulosic biomass towards sustainable
fuels, chemicals and materials, (online) Dr. B R Ambedkar Na-
tional Institute of Technology. Jalandhar, 18-22 September, 2020
Bhaumik, J. Agri-biomass lignin based functional nanomaterials
in coating applications, Nanotechnological Interventions in Agri-
Food Industry”, (online) National Institute of Food Technology En-
trepreneurship & Management, Sonipat, October 06, 2020
Bhaumik, J. “Conversion of Agri-biomass-based Lignin into Func-
tional Nanomaterials”, International Conference on Integrated
Interdisciplinary Innovations in Engineering, (online) August 28,
2020, Panjab University, Chandigarh.

Bhaumik, J. “Lignin Derived Zinc Oxide Nanocomposites as Prom-
ising Additive to Antimicrobial Sunscreen”, Agriculture Technolo-
gies presentations facilitated by the office of the Principal Scien-
tific Advisor and organized by NASSCOM, July 25, 2020 via online
webinar.

Bhaumik, J. “Development of Agri-Biomass based Lignin Derived
Functional Nanomaterials for Coating Applications”, Agriculture
Technologies presentations facilitated by the office of the Princi-
pal Scientific Advisor and organized by NASSCOM, July 11, 2020
via online webinar.

Dr. Sudhir P. Singh delivered an invited talk in a refresher Course
on Era of Biotechnology: Innovate by Learning of Advances in Bio-
technology organized by the Department of Biotechnology, AKS
University, Satna, during 3 September-28 October, 2020

Dr. Sudhir P. Singh delivered an invited talk in Agriculture Tech-
nologies presentations facilitated by the office of the Principal
Scientific Adviser in partnership with the NASSCOM Foundation.
July to August, 2020.

Dr. S. Saravanamurugan delivered a talk entitled ‘Sustainable
Catalytic Transformation of Biomass-based Substrates to Val-
ue-Added Chemicals' in 5th International Conference on Bioen-
ergy, Environment and Sustainable Technologies (BEST2021) &
International E-Conference on Bioprospecting (ICONBIO) orga-
nized by the Department of Biotechnology, Arunai Engineering
College, Tiruvannamalai during 29 - 30 January 2021 (webinar).
Dr. S. Saravanamurugan delivered a talk entitled ‘Biomass Valori-
sation: Selective Catalytic Conversion of Substrates to Chemicals’
in “An Awarness Programme - Green Engineering Concepts and
Treatment Methods for Farmers in Rural Area’ organized by the
Department of Chemical Engineering, Paavai Engineering Col-
lege, Namakkal during 09 - 14 November 2020 (webinar).

Dr. S. Saravanamurugan delivered a talk entitled ‘Selective
Transformation of Biomass-derived Substrate to Chemicals, in a
one-day national level webinar organised by the Department of
Chemistry, Dr MGR Educational and Research Institute, Chennai
on 9th October 2020 (webinar).

Dr. S. Saravanamurugan delivered a talk entitled ‘Catalytic Val-
orisation of Sustainable Feedstocks to Chemicals’ Online Short-
Term Course (e-STC) on ‘Valorization of lignocellulosic biomass
towards sustainable fuels, chemicals and materials’ organised by
Center for Energy and Environment, Dr. B.R. Ambedkar National
Institute of Technology, Jalandhar, India, during 18th - 22th Sep-
tember 2020 (webinar).

Dr. S. Saravanamurugan delivered an online talk entitled
‘Nanoporous Zeolites and Nano Zirconia as Catalysts for the Pro-
duction of Sustainable Chemicals’ organised by UGC-Human Re-
source Development Centre, Panjab University, Panjab on 11th
September 2020 (webinar).

Dr. Meena delivered an invited talk for Agricultural Technologies
presentation from the PSA's office in partnership with the NASS-
COM Foundation and NSRCEL, 2020.

Dr. Bhuwan Mishra delivered an invited talk on topic ‘6-O-ascor-
byl esters and their simple purification’ in Agriculture Technolo-
gy Presentations Friends of the Farmers facilitated by the office
of the PRINCIPAL SCIENTIFIC ADVISER in partnership with the
NASSCOM Foundation on Date 22/08/2020.

Dr. Bhuwan Mishra delivered an invited talk on topic ‘Olfactory
value addition to low value essential oils’ in Agriculture Technol-
ogy Presentations Friends of the Farmers facilitated by the office
of the PRINCIPAL SCIENTIFIC ADVISER in partnership with the
NASSCOM Foundation on Date 01/08/2020.
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Dr. Bhuwan Mishra delivered an invited talk on topic ‘Curcumin
certified Whey Protein Powder as a product for health care’ in
Agriculture Technology Presentations Friends of the Farmers fa-
cilitated by the office of the PRINCIPAL SCIENTIFIC ADVISER in
partnership with the NASSCOM Foundation on Date 11/07/2020.
Dr. Saswata goswami delivered a talk on Waste To Wealth: An
Approach Towards Lignocellulosic Biomass Valorization National
Conference On Innovative Development In Chemical Technolo-
ay,(IDCT-2021), 19th -20th March, 2021, Indraprastha University,
New Delhi.

Dr. Saswata goswami delivered a talk on Application Of Nanocel-
lulose In Water Purification. Online Summit On Carbon Materials
And Nanotechnology-Cman-2020| CHAPTER 2" On 29 Sept, 2020
S. Elumalai. Lignocellulosic biomass to energy and product
chemicals, (online) Dr. B R Ambedkar National Institute of Tech-
nology. Jalandhar, 18-22 September, 2020.

S. Elumalai. AICTE sponsored STTP Programme on “Green Engi-
neering Concepts and Treatment Methods for Farmers in Rural
Area” (Online) Paavai Engineering College, Namakkal, 29 Sep-
tember 2020.

S. Elumalai. AICTE sponsored STTP Programme on “Green Engi-
neering Concepts and Treatment Methods for Farmers in Rural
Area” (Online) Paavai Engineering College, Namakkal, 31 October
2020.

S. Elumalai. TEQIP-III sponsored STC on “How to define Research
Problems and Solving Methods in Sustainable Design, Manufac-
turing and Energy Engineering” (Online) NIT Silchar, 24-28th Au-
gust, 2020.
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Awards/Scientific recognitions

*

Dr. Sudesh Kumar Yadav was conferred the S. Ramachandran-Na-
tional Bioscience Award-2020 for Career Development by the De-
partment of Biotechnology (DBT), Govt. of India

Dr. Sudesh Kumar was conferred the NASI-Reliance Industries
Platinum Jubilee Award (2020) for Application Oriented Innova-
tions in Biological Sciences.

Dr. Sudesh Kumar Yadav was elected as a fellow of The National
Academy of Sciences, India (NASI)

Dr. Sudesh Kumar Yadav was selected for the Academy Award
for the Biennium 2019-2020 (Recognition Award, Plant Improve-
ment) by the National Academy of Agricultural Sciences, India
Dr. S. Saravanamurugan was elected as a Fellow of the Royal So-
ciety of Chemistry (FRSC), London, UK.

Dr. Sudhir P. Singh was selected as a member of the National
Academy of Science, India (MNASc)

Mr Yeddula Nikhileshwar Reddy has secured ICMR Senior Re-
search Fellowship, February, 2021

Dr. Neeraj Singh Thakur awarded with Swiss Government Excel-
lence Scholarship for pursuing postdoctoral research at Universi-
ty of Geneva, Switzerland, September, 2020.

Dr. Meena has been given Life membership of The Catalysis So-
ciety of India (CSI).

Dr. Sasikumar Elumalai has been given Life membership of The
Catalysis Society of India (CSI).
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2l. Q%QT HHT aﬁﬂ'&lﬁﬁ—@{ Dr. Sudesh Kumar, Scientist-F, CIAB, is

selected for the NASI—Reliance In-

dustries Platinum Jubilee Award (2020)
for Application Oriented Innovations in
Biological Sciences.

Dr. Sudesh, Scientist - F, CIAB has
been recognized as among one of the

TOP 2%

scientists in the world in the field of
Biotechnology for his contribution in
the related research area.
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Dr. Sudesh Kumar, Scientist-F, CIAB, has
been selected for the Academy Award
for the biennium 2019-2020 (Recogni-
tion Award, Plant Improvement) by the
National Academy of Agricultural Sci-
ences

NAAS India
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Dr. Sudesh Kumar, Scientist-F, CIAB, has been selected for the
S. RAMACHANDRAN-NATIONAL

BIOSCIENCE AWARD

2020 for Career Development by the Department of Biotech-
nology and Govt. of India
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=\ DBT-Center of Innovative and Applied Bioprocessing
An Autonomous Institute of Department of Biotechnology, Govt. of India gy :-,,
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DBT-CIAB has organized a virtu- | SCIENCE SETU PROGRAM '2021
al tour on January 29, 2021 for An initiative of DBT-CIAB to connect with DBT STAR College Partners
A virtual tour of DBT-CIAB
D BT'STAR colleges January 29, 2021, 4 pm
* Sri Guru Tegh Bahadur Khalsa College, * Mata Gujri College, Fatehgarh
Ropar Sahib

$.G.G.S. Khalsa College, Hoshiarpur

Guru Nanak College, Mansa

Dev Samaj College for Women, Ferojepur
DAV College, Jalandhar

Kamla Nehru College for Women,
Phagwara

DAV College, Amritsar

DAV College, Abohar

DAV College, Bhathinda

R. D. National College, Mumbai
Nagpur Veterinary College, Nagpur

Contact: Dr. Jay h ik Y @ciab.res.in, 01725221539
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Unveiling of the 4-Star GRIHA Certification of CIAB Building by

pr. HARSH VARDHAN on 21032021
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SHAMMI GARG &CO. C/o Durga Bhai & Co

Chartered Accountants SCO 15, Sector 26,
Madhya Marg,
Chandigarh-160019
Cell : 9914728900

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

AUDITORS’ REPORT

TO

THE MEMBERS,
CENTER OF INNOVATIVE AND APPLIED BIOPROCESSING

1. We have audited the attached Balance sheet of CENTER OF INNOVATIVE AND APPLIED
BIOPROCESSING as at March 31, 2021, the Income and Expenditure account and
Receipt & payments account for the year ended on that date annexed thereto. These
Financial statements are the responsibility of the institution’s Management. Our
responsibility is to express an opinion on these financial statements based on our

audit.

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

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

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

a) In the case of Balance sheet of the state of affairs of the Institution as at March 31,
2021 and

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

Place: Mohali (CA

Date: 18.08.2021 Partner ;
Membership No. 095431

UDIN: 21095428 AAANGZ55 49
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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 2021

{Amounts in Rs.)

CORPUS/ CAPITAL FUND AND LIABILITIES | Schedule Current Year Previous Year
Corpus/Capital Fund 1 58,13.99,807 57.84,30,193
Reserves and Surplus 2 1 1
Earmarked / Endowment/ Project Grants 3 1,96,12,625 3,07.04,525
Secured Loans and Borrowings 4 - -
Unsecured Loans and Borrowings 5 - -
Defferred Current Liabilities 6 - -
Current Liabilities and Provisions 7 2,42,73,046 1,74,08,195
TOTAL 62,52,85,479 62,65,42,914

ASSETS Schedule Current Year Current Year

Fixed Assets 8 49,95,90,255 47,81,61,380
Invesiments- from Earmarked/Endowment funds 9 - -
Investments - Others 10 - -
Current Assets, Loans & Advances etc, 11 12,56.95,224 14,83,81.5334
TOTAL 62,52,85,479 62,65,42,914
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 25

Tﬁ;ﬁﬂl WERMA) i (PROF. A%
Mﬂ:ﬁs&(ﬁmﬂmwm { CHIEF EXJ ™
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FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISTIONS)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
(FORMERLY BIOPROCESSING UNIT)

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

INCOME AND EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31" MARCH 2021

{(Amount in Rs.)

INCOME Schedule Current Year Previous Year

Income from Sales/Services 12 - -
Grants in aid /subsidies 13 9,00,00,000 7,17,00,000
Fees/subscriptions 14 z 3
Income from Investments (Income on investment from 15 - -
earmarked/endowment funds transferred to funds)
Income from Rovalty, Publication etc. 16 - -
Interest Earned 17 42,25,542 61.67.807
Other Income 18 27,07,005 24.35,340
Increase/decrease in stock of finished goods & work- 19 - -
in -progress
TOTAL(A) 9,69,32.547 8,03,03,147

EXPENDITURE Schedule Current Year Current Year
Establishment Expenses 20 2,04,08,957 2,31,88,118
Other Administrative Expenses 21 3,04,83.351 3,51.89.410
Research & Development Expenditure (Incl. Grants, 21A 2,46,09,789 2,13,51,896
Subsidies etc)
Expenditure on grants, Subsidies etc. 22 - -
Interest 23 - -
Depreciation 8 6,42,52.072 6,26,37,372
TOTALI(E) 13,97,54,169 14,23,66,796
Balance (+)surplus/ ((-)deficit) (A-B) -4,28,21,622 -6,20,63,649
Deficit carried to Schedule-7 (Payable to Government)
Balance being surplus/ (deficit) carried to Capital -4.28721,622 -6,20,63,649
Fund (Schedule 1)
Significant Accounting Policies 24
Contingent liabilities and notes on accounts 25
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Form of Financial Statements for the Central Autonomous Bodies (Non-Profit Organizations and Similar Institutions)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

(FORMERLY BIOPROCESSING UNIT)
Knowledge City, Sector $1, PO Manauli, SA%5 Nagar, Mohali

RECEIPTS AND PAYMENTS FOR THE PERIOD/YEAR ENDED ON 31.03.2021

{Amounis in Rs.)

RECEIPT Current Year | Previows Year PAYMENT Current Year | Previows Year
I {tpening Balance 1. Fxpenditure
a) Cash in Hand ia) Estublishment Expenses
b) Bank Baluness 1. Manpewer Salaries, Wages and Allowances 20712442 2,21,02.403
2. Provision for Gratuity and leave encashiment 25,958,604
1} In current accpunts
it} In deposit Accounts 13,68 30 340 13,32 15,651| (b) Administrative E
iii} In Savings Accounis 57 98 849 49 70,902 (i) Travelling & comveyance expenses (%10 6,588,220
(i1} Postage, Telephone & communication charges 304,346 3,22, 795
I Grants Received (i) Office and Admn Expenses 595,829 512,128
(1) Capital Grant 3,00,00,000 600.00.000]  (1v) Advertisement & Publicity 13.68,143 9.00,842
(i) Revenue Grant 9,00,00000]  7.17,00000] (v} Repair & Maintenance 1585 683 17.61,055
(vi) Printing & stationery 4,223 14 6.70,551
{vii) Cutsourcing/C MCs"AMCs genceral 119,35 364 11805001
11 Other Incomes and reccipts {vii1)} Fegs & Homomanum 4,38.065 6,29,633
a) Temder Fees 23,545 74474 {ix) Electricity & Water charges 77.39.366 90,85, 480
) Ph. [ Fee &0, 750 91,540 (xi) WorkshopSeminar Expenses 213269 13,95 454
c) RTI Fee 2020 (xii) Vehicles Running & mainienance 1,43 728 1,810,832
d} Interest received 50,72.261 56.86,012]  (xiv) Warch & Ward Expenscs 16,24, 786 14,57 897
) Owerhead income from exira mural projects 835,648 4.21,695
) Receivable from debiors 40,27, 080
&) Ineoame from Sample aalysis 30,331 36, 100( () Research and Development Expenditure
h) Rental Income 6,19.370 13.56,851 (i} Chemicals & Consumables 1.46, 26 905 105,851,154
i) Technology Transfer 1,34,325 {1} Fellewship and Stipend 71.90,551 T1,73.750
1iTraining Fee 1,50.850 4,57, 785 (i1) Computer Software & Accessones 12,85.581 13.82.252
k) Oihers | Musc, ) 9.57.339 749,006 {iv) Plamtation & Horticulture expenses - 13,36, 344
1) Income FromConsultaney Services 42,384 (v} Patent Filling Expenses 0,19 046 1,86, 466
m) Application Fee 33,740 (i} Rescarch publication expenses 30,140 B, 593
1) LI Charges 7,082 {viii) Recagnition Foc & Membership foe 6.15.053 5,000,000
o} External projects and fellowships 15428240 16T 17,980 | 11 Expenditure on Fixed Assets & Capital Work-in
(Including interest camed) Progress)
) Cautien Morey deposited by stedents 5,000 | () Purchase of Fived Assets
) Stafl Welfare fund 1.67,850 36,816 | (i) Library Books G .
r) TDS refund received from 1T Dept. 27,016 40.410.00 (i} Scientific Equipments & Accessorics. 652,38 988 493,13 544
53 Refund of service tax 34.52,779 (iii) Computers and Peripherals 3.03.98] 4,80,739
(iv} Office Equipments 3,20, 780 1,80, 791
(v) Office & Guest House Furniture 16,92 213 4,00 959
[h] Expenditure on Main Campus Building
(1) Development of main campus 29,640,863 14, 84,822
111 Other Project Payments | |
{11} External projects and fellowships | 2,95,94,690 | 2.49.71,700
IV, Other Payments
{1} Interest refunded 1o CFI 5722190 52.03.748
(1i) TOS refund receivable from 1T Depr. 1,000
{iii) Eamest Momey Deposits 12.36,000 R0,050
{iv) Security Deposits 1,237,592 643,078
V. Closing Balance
a} Cash in Hand
b1 Bank Balances
1) In Current Aceounis
ti) In Deposit Accounts 10,47,.56,566 13,68,39.340
iti) In Savings Accounts 67,590,729 5798 84%
Crand Total 19.31.61.704 29,84,77.828 | Grand Totl
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FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISTIONS)
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

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

SCHEDULES FORMING PART OF BALANCE SHEET AS AT 31.03.2021

CORPUS/CAPITAL FUND
(Amount in Rs.)

Particulars Current Year Previous Year

Balance as at the beginning of the year 57.84,30,193 55.06.19.800
Add : Contributions towards corpus/capital fund 3.00,00,000 6,00,00,000
Add : Fixed Assets Created out of Project Grants 1.43,21,236 2,98,74,041
Add : Gratuity & LE transferred to LIC 14,70,000
Less/{Deduct) : balance of net expenses transferred from the
income & expenditure afc -4,28,21,622 -6,20,63,649

BALANCE AS AT THE YEAR -END 58,13,99.807 57,84,30,193

SCHEDULE-2

RESERVES AND SURPLUS

{Amount in Rs.)

Particulars

Current Year

Previous Year

I.Capital Reserves: Land provided by Punjab Govt.

2.Revaluation Reserve

3.Special Reserve

4.General Reserve

4. Unspent Govt. Grant

As per last Account

Add: Addition during the year

Less: Payable to Govt. (Trasferred to Schedule-7)

TOTAL 1 1
CHAR
!,‘ /
(SUNEET VERMA) (PROF ){;tSHWA?gL PAREEK) (CA SHA
. AN AGER ﬁmﬁ?&rs CHIEF E(_,MTNE OFFICER PARTNER p
Manager (Finance) /aue fimer Membership No. 095431

Center of Innovative & Anolied Bioprocessi
PlaceMohahi sm= s
epit. of Biotechnclogy [ staataifieft R
Monali, Punjab /=eTelt, Twma-160071

o1, sTeas 9 - Prof. Ashwani Pareek
Tl AFEEF / Chiel Exscutive Officer
Y - e T

-8 #M}famﬂﬂmlﬂﬂ
M((vf-] WITE .~ Mohall [Punjal), iIndia
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SCHEDULE-4

SECURED LOANS & BORROWINGS

(Amount in Rs.)

Particulars

Current Year Previous Year

. Central Government

. State Government(specify)

L bd | —

. Finanecial Institutions

ajterm loans

b)Interest accrued and due

4, Banks

a)Term loans i -
-Interest accrued and due - -
b)Other loans(specify) - 5
-Interest accrued and due = :
5. Other Institutions & agencies = 2
6. Debentures & bonds - -
7. Others(specify) - . 2
TOTAL = B
SCHEDULE-5
UNSECURED LOANS & BORROWINGS
i {Amount in Rs.)
Particulars Current Year Previous Year
1. Central Government - -
2. State Government(specify) - -
3. Financial Institutions - -
a)term loans - -
b)Interest accrued and due -
4. Banks: - -
a)Term loans - -
-Interest accrued and due - -
b)Other loans(specify) - -
-Interest accrued and due 5 g
5. Other Institutions & agencies = b 3
6. Debentures & bonds - -
7. Others(specify) = =
TOTAL - -
M/S Shammi
CHARTERED AC
Sl M. _,g\’”g A
(SUNEET VERMA) 3 10 (CA SHAMMI GARG):
SUMANAGE REFTNANCE CHIEF EKE HOFFICER PARTNER = |
Manager (Finance) "‘?’-"Tf fm " Rt Membership No. 095431 3
ot Dated (BRI S0 e e SR Ao Pareek
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SCHEDULE-6
DEFERRED CREDIT LIABILITIES

CIAB: Annual Report 2020-21

(Amount in Rs.)

Wﬁ?ﬁf@%g Py

Cenler of Inn

. Applied Bioprocessing
D’a‘ri:’ﬂ 1‘&‘0&'&02?: TESFAT TR
Placc Wifchalya W #AR
Depll. of Butechr ¢ I rrrheniasT R
hah, Purya | I, Son- 16007

p PP J/’
{P E{;SHW;XNI PAREEK)
EXECGLTIVE OFFICER
wreres # Prof. Ashwani Paraok
oY, JrTEEr /

, VIR
Department of Bloleﬂlnulogr. Govt. of India
derze - 81 (Fiere il )~ Sector81 (Knowledge City)
wneTEt (<), VIR / Mohali (Punjab), indis

Particulars Current Year Previous Year
1. Acceptances secured by hypothecation of capital
equipment -
2. Others -
TOTAL - -
SCHEDULE-7
CURRENT LIABILITIES & PROVISIONS
{Amount in Rs.)
Particulars Current Year Previous Year
A) CURRENT LIABILITIES
1. Sundry Creditors
a) For Goods/Services 46,76,966 38.38.168
b) For Securities 2.21.626 3.55.218
¢) Earnest Money Deposil 5,68.000 18,04,000
d) Caution Money deposited by students 25,000 25,000
e) Staff Welfare fund 2,36,748 68.889
2. Interest accrued but not due on:
a) Secured Loans/Borrowings
b) Unsecured Loans/Borrowings
3. Statutory Liabilities
a) TDS Payable 2,61.459 2.47.381
b) GST Payable 67,752 21,180
b) Punjab Development Tax 3,000 2,400
4. Other Current Liabilities
a) Manpower (Salary) Payable 22.06,331 24,12, 436
i) NPS contribution 2,79,606 272,074
b) Other Expenses Payable - 11,69,259
c) Interest refundable to CFI 50,20,904 57.22,190
d) PM Cares Fund 12,258
TOTAL(A) 1,35.85,650 1,59,38,195
B) PROVISIONS
1. Gratuity 56.82,863 6,45,568
2. Leave Encashment 50,04,533 8,24.432
TOTAL(B) 1,06,87,396 14,70,000
C) Amount transferred from General Reserve- Opening Balance
D) Surplus being payable to Government - Opening Balance - -
Less- Loss of current year
TOTAL(AB) 2,42,73,046 1,74,08,195
For SHAMMI GARG & CO.
Cl IARTER ACE EMTANTS
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SCHEDULE-9
INVESTMENTS FROM EARMARKED/ENDOWMENT FUNDS
(Amount in Rs.)

Particulars Current Year Previous Year
1. In Government Securities - -
2. Other approved securities - =
3. Shares = =
4. Debentures & Bonds - -
5. Subsidiaries & Joint Ventures - -
6. Others (to be specified) - -
TOTAL - -
SCHEDULE-10
OTHER INVESTMENTS
{Amount in RBs.)
Particulars Current Year Previous Year
1. In Government Securitics - -
2. Other approved securities - -
3. Shares = =
4. Debentures & Bonds = =
5. Subsidiaries & Joint Yeniures - -
6. Others(to be specified) - -
TOTAL - -
—_—=u p.ﬂ.:.{-{,uj_u,tjﬂ'—‘ . \
((SEINEET MERMA) (PRO WANL Wﬁ)
MﬁNAﬁ"T—E]R'F{NH'NEI-ﬂ __ CHIEF L-€U TIVEOFFICER YT
Centerof nnovatve & Appled BP0 e e MembersHip No. 09343 1
“Emé"ﬁ smmm L1 v e TR R / Chiet Exocutive Officer

Placgﬁ«‘lnhah St i vd gy - wu:ﬂﬂ!ﬁﬁ'

Center of Innovative and Applied Bloprocessing

'mrah Pun Ubr.:{"rq' gaE- 160071 ﬁﬂﬁgﬁmwmm

Haer- g1 (AfEw ffT) .~ Secior-81 (Knowledgs City)
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SCHEDULE-11

CIAB: Annual Report 2020-21

CURRENT ASSETS, LOANS & ADVANCES

{Amount in Rs.)

Particulars

Current Year Previous Year

A) CURRENT ASSETS

1. Inventories

a) Stores & Spares

b) Loose Tools

¢) Stock-in-trade

2. Sundry Debtors

3. Cash balances in hand

4. LIC Group Gratuity Scheme

68,89,834.00

5. LIC Group Leave Encashment Scheme

63,96,166.00

6. Bank balances:

a) With Scheduled Banks:

-On Current accounts

-On Fixed Deposit accounts

10,47.56,566

13.68.39.340

-0On Savings accounts

(i) State Bank of India A/c

67,90,729

57,98,849

TOTAL{A)

12,48,33,295

14,26,38,189

B) LOANS, ADVANCES AND OTHER ASSETS

1. Loans

2. Advances and other amounts recoverable
in cash or in kind or for value to be
received:

a) On Capital Account

b) Security for Gas cylinders

16,000

16,000

¢) Recoupable form Govt. Agencies

d) Advance to Employees [or QfTicial Purpose

148,390

22,577

e) Others(specify)

(i) TDS Receivable

1,37,167

1,64,183

(ii} M/s Eurofins Genomics

1,690

1,690

(ii1) Deposit with PMC

40,27,080

(iv) Directror INST

1,06.414

(v M/s Enzvme Biosciences Pvit. Lid.

9,794

9.794

3. Income accrued:

a) on investments from earmarked/endowment funds

b) on Investments

¢) on loans & advances

d) on Fixed Deposits with bank

5,48,888

13,95,607

e) on Savings Bank Account

4, Claims Receivable

TOTAL(B)

861,929

57,453,345

TOTAL(A+B)

12,56,95,.224

14,83,81,534
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SCHEDULE-12
INCOME FROM SALES/SERVICES
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{(Amount in Rs.)

Particulars Current Year Previous Year
1. Income from sales
2. Income from services - -
TOTAL - -
SCHEDULE-13
GRANTS/SUBSIDIES
(Amount in Rs.)
Particulars Current Year Previous Year
{Irrevocable Grants & subsidies received)
1. Central Government 9.00,00,000 7,17.00,000
Less unspent grant transferred to General Reserve
2. State Government -
3. Government Agencies =
4. Institutional /welfare bodies - -
5. International Organisations - -
6. Others (to be specified) - -
TOTAL 9,00,00,000 7,17,00,000
SCHEDULE-14
FEES/SUBSCRIPTIONS
(Amount in Rs.)
Particulars Current Year Previous Year

1. Entrance Fees

2. Annual Fees / subscriptions

3. Seminar/program fees

4. Consultancy fees

5. Others - -
TOTAL - -
SCHEDULE-15
INCOME FROM INVESTMENTS
(Amount in Rs.)
Particulars Current Year Previous Year
1. Interest - -

a)On Govlt. securities

b)Other Bonds/Debentures

2. Dividends:

a)On shares

b)On Mutual Fund securities

3. Rents

4. Others (specify)

TOTAL
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SCHEDULE-16
INCOME FROM ROYALTY/PUBLICATIONS. ETC.
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(Amount in Rs.)

Particulars Current Year

Previous Year

1. Income from Royalty -

2. Income from Publications -

3. Others(specify) -

TOTAL -

SCHEDULE-17
INTEREST EARNED

(Amount in Rs.)

Particulars Current Year

Previous Year

1. On Term Deposits

a) With Scheduled Banks (including accrued interest):

(i) Actual Received 34,30,539 45,23,581
{i1) Accrued as on 31st March 548,888 13,95,607
b) With Non-Scheduled Banks:
2. On Savings Accounts:
a) With Scheduled Banks: 206,298 2.43.771
b} With Non-Scheduled Banks:
c) Post Office Savings Account
d) Others
3. On Loans
a) Emplovees/staff
b) Interest on Maobilisation Advance
4)Interest on Debtors & other Receivables
a) Interest on refund of Income Tax 39.817 4,848
TOTAL 42,25,542 61,67,807
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SCHEDULE-18
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OTHER INCOME
{Amount in Rs.)
Particulars Current Year Previous Year

1. Profit on sale/disposal of assets - -

2. Export Incentives realized -

3. Fee for Miscellaneous Services x

4. Miscellaneous Income

a) Tender Fees 23,275 74,474
b) Ph. D Fee 80,750 91,540
¢) RTI Fee - 502
d) Overhead income from extra mural projects 8,35.648 4,21,695
) Income from Sample analysis 29,719 36,100
) Rental Income 5,30,536 11,39.213
g) Technology Transfer - 1,34,325
h)Training Fee 1,47,250 4,557,785

i) Income FromConsultancy Services 42,384 -

i) Application Fee 53,002 -

k) LD Charges 7,082 -
i) Others (Misc.) 9.57,359 79.006
TOTAL 27,07,005 2435340

SCHEDULE-19

INCREASE/ADECREASE) IN STOCK OF FINISHED GOODS & WORK IN PROGRESS

{Amount in Rs.)

Particulars

Current Year Previous Year

1. Closing Stock

a) Finished Goods

b) Work-in-progress

2) Less: Opening stock

a) Finished Goods

b) Work-in-progress

NET INCREASE/(DECREASE)(1-2)
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SCHEDULE-20

ESTABLISHMENT EXPENSES
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(Amount in Rs.)

Particulars Current Year Previous Year
1. Manpower Salaries, Wages and Allowances 2.04,08,957 2.17,18,118
2. Provision for Gratuity and leave encashment - 14,70,000
TOTAL 2.04,08,957 2.31.88,118

SCHEDULE-2]

OTHER ADMINISTRATIVE EXPENSES ETC.

{Amount in Rs.)

Particulars Current Year Previous Year

. Travelling & conveyance expenses 66,897 6,88,220
2. Postage, Telephone & communication charges 3.04,346 3,40,495
3. Office & Admn Expenses 5.77.873 510,172
4. Advt. & publicity 13,67,205 9.01,780
5. Repair & Maintenance 16.64,080 17,61,053
6. Printing & stationery 422314 6,70,807
7. Qutsourcing/ CMCs/AMCs General 1.09,00,518 1.21,32,433
§. Fees & Honorarium 4,38.065 6.29.633
9. Electricity & Water charges 77.39.366 86.,41,730
10. Workshop/Seminar Expenses 2,13,269 14.87.354
11. Vehicles Running & maintenance 1,43,728 2.81.822
12Watch & Ward Expenses 16,24,786 14.57.897
13Interest earned refundable to CFI 50.20,904 56.86,012

TOTAL 3,04,83,351 3,51,89,410

SCHEDULE-21 A
RESEARCH & DEVELOPMENT EXPENDITURE (INCL. GRANTS AND SUBSIDIES ETC.)

(Amount in Rs.)

Particulars Current Year Previous Year

1. Chemical & Consumables 1,45,69,418 1,16,27,588
2. Fellowships & Stipend 71,90.551 74,68.597
3. Computer Software & Accessories 12.85,581 13,82.252
4, Patent Filling Fee 9,19,046 1,86,466
5. Research Publication Expenses 30,140 86,993
6. Recognition fee & Membership fee 6,15,053 6.00,000

TOTAL 2,46.09,789 2,13,51,896
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EXPENDITURE ON GRANTS, SUBSIDIES ETC.
{Amount in Rs.)
Particulars Current Year Previous Year
(a) Grants given to Institutions/Organisations
{b) Subsidies given to Institutions/Organisations

TOTAL - -
SCHEDULE-23
INTEREST
{Amount in Rs.)
Particulars Current Year Previous Year
1. On Fixed loans - -
2. On other loans - -
3. Others(specify) - -
TOTAL - -
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FORM OF FINANCIAL STATEMENTS

CENTER OF INNOVATIVE & APPLIED BIOPROCESSING
Knowledge City, Sector 81, PO Manauli, SAS Nagar, Mohali.
SCHEDULE 24

SIGNIFICANT ACCOUNTING POLICIES

A) ACCOUNTING CONVENTION

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

B) INVENTORY VALUATION

Expenditure on purchase of chemicals, consumables, publications, stationery and other stores are
accounted for as revenue expenditure, immediately on purchase of these items. There is no closing
stock as on 31 March 2021 for above mentioned items.

C) INVESTMENTS

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

D) FIXED ASSETS

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

E) DEPRECIATION
Depreciation on fixed assets including fixed assets created out of projects have been charged as per
the rate prescribed in the Income Tax Act-1961 on written down value method. The depreciation on

fixed assets created out of project has been charged from the date of its acquisition, during the year
2020-21.

F) MISCELLANEOUS EXPENDITURE
There is no deferred revenue expenditure during 2020-21,
G) ACCOUNTING FOR SALES

Being an Institution there is no:sales during the year under consideration.
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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 2020-21, recurring grants amounting to Rs. 9,00,00,000/-
has been received for the purpose as shown in schedule-13. Non-recurring Grants amounting to Rs.
3,00,00,000/- have been shown as addition to Corpus/ Capital Fund (schedule-l).

Interest earned on Govt. Grant amounting to Rs. 50,20,904/- has been shown as payable to Govt.
(Schedule 7) in Compliance to Rule 230 (8) of General Financial Rules 2017.

I) Expenses payable up to 31* March, 2021 pertaining to FY 2020-21, 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 2020-21, the same will be accounted

for in the year of claim.

J) FOREIGN CURRENCY TRANSACTIONS

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

K) RETIREMENT BENEFITS

The Institute is covered under New Pension Scheme of Government of India and is registered
with the agency approved by Ministry of Finance. Institute is regularly depositing the monthly
pension contribution (both employee and employer share) with appropriate authority. Provision
for Gratuity and leave encashment of Rs. 1,06,87,396/- (Schedule-7) has been made in the books

of accounts.

For Center of Innovative & Applied Bioprocessing
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FORM OF FINANCIAL STATEMENTS
CENTER OF INNOVATIVE & APPLIED BIOPROCESSING

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

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

1. Receipt and Payment Accounts

The Receipt & Payment Account carries the figures of actual receipts & actual payments of the Institute during
the financial year 2020-21. It is virtually a copy of Cash Book/Institute's accounts. The total receipt as shown in
Receipt & Payment Account comes to Rs.15,05,23,515/-, which include Rs. 12,00,00,000/- received as recurring
and non-recurring grants from DBT, grant of Rs. 1,84,28,240/- for externally funded projects and Rs. 1,20,95,275/-
from other receipts. Total amount of Rs.18,16,14,409/- 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. 9,69,32,547/- which
includes Recurring Grant from DBT, Interest earned and Other Resources.

Total expenditure (before depreciation) comes to Rs.7,55,02,097/-, which also includes Rs. 50,20,304/- of interest
earned on Grants, which is refundable to Govt., and depreciation of Rs.6,42,52,072/- has been charged in the
current FY 2020-21. Further the amount of Rs.4,28,21,622/- being the excess of expenses over income has been
transferred to Corpus/Capital Fund (Schedule-1).

3. Fixed Assets

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

and shown in Schedule-8 .

Fixed Assets created out of the external funded projects/fellowships in the FY 2020-21 amounting to RS.
1,43,21,236/- has been booked under the head “Fixed Asset Created from Projects Grants” (Schedule 8) and
credited the corresponding accounting head “Corpus/Capital Fund”.

4, Depreciation

Depreciation on fixed assets including fixed assets created out of projects have been charged as per the rate
prescribed in the Income Tax Act-1961 on written down value method. The depreciation on fixed assets created
out of project has been charged from the date of its acquisition during the year 2020-21.

5. Current Assets, Loans and Advances

V 18 of 19 5 S
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6. Land

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

7. Externally Aided Project

As on 31" March 2021, there is a balance of Rs. 1,96,12,625/- in the externally funded project accounts. The
balance will be spent in accordance with the terms and conditions of the projects. An interest of Rs. 4,22,270/-
has been credited to the externally funded projects as shown in Schedule 3.

8. Gratuity & Leave Encashment

a) A Group Gratuity Scheme has been taken from Life Insurance Corporation of India (LIC). An
amount of Rs. 68,89,834/- was computed towards liability for gratuity (Schedule-11) out of
which an amount of Rs. 12,06,971/- has been paid to LIC during the year and Rs. 56,82,863/-
has been shown as provision for gratuity (Schedule-7).

b) A Group Leave Encashment Scheme has been taken from Life Insurance Corporation of India
(LIC). An amount of Rs. 63,96,166/- was worked as liability for leave encashment (Schedule-
11) out of which an amount of Rs. 13,91,633/- has been paid to LIC during the year and
Rs. 50,04,533/- has been shown as provision for leave encashment (Schedule-7).

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

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

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

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

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