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Bioethanol production
thanks to immobilized cellulolytic enzymes

I—GP ; March 19", 2018, Karthik Periyasamy defended his doctoral thesis of

the University Grenoble Alpes — prepared under the supervision of

the Professors Marc Aurousseau and Gérard Mortha and the co-

supervision of Agnes Boyer, Associate Professor (Grenoble INP-

Pagora/LGP2) — and of the Anna University (Chennai, India), under the supervision of

Professor Sivanesan Subramanian. He presented the results of his research work entitled

Bioethanol production from lignocellulosic biomass using immobilized cellulolytic
enzymes.

The overall objective of the study was to produce bioethanol from lignocellulosic biomass by
using free and immobilized xylanase, cellulase and -1, 3-glucanase.

Specifically, this study was focused on the isolation of Trichoderma citrinoviride strain
AUKARO04 able to produce xylanase (55,000 1U/gds), cellulase (385 IU/gds) and -1, 3-
glucanase (695 IU/gds) in solid state fermentation. Then the free enzymes were
biochemically characterized depend on effect of pH, temperature and metal ion concentration
and corresponding kinetic parameters were determined. Then the enzymes were subjected
to two types of immobilization using carrier-free co-immobilization (combi-CLEAs) method or
bifunctionalized magnetic nanoparticles (ISN-CLEAs) with higher thermal stability, extended
reusability and good storage stability.

Liguid ammonia pretreatment removed 40% of lignin from the biomass and retained 95% of
glucan, 65% of xylan and 41% of arabinan in sugarcane bagasse (SCB). SCB was
enzymatically hydrolyzed and converted to 87 % glucose from cellulose and 74% of xylose,

Grenoble INP-Pagora, the international school of paper, print media and biomaterials. The school is Quality,
Safety & Environment certified and part of Grenoble INP, an engineering institute geared towards training
“engineers who are creative, responsible and committed to a sustainable world”. It trains engineers for the sectors
of green chemistry, paper, printing, packaging, biomaterials and printed electronics. It also offers a vocational
degree: Interactive Print and Digital Media. Its wide range of courses, pedagogical expertise and strong
partnerships with industry allow it to continuously tailor its training to the needs of businesses and to the 60
graduates it produces each year, thus enabling them to embark upon stimulating careers in France and abroad.
Grenoble INP-Pagora also develops international training in conjunction with several European universities, as
well as offering a 2nd year engineering course, a Master Biorefinery & Biomaterials and a Post-Master
Biorefinery: bioenergy, bioproducts & biomaterials dispensed in English. The innovative research performed by its
LGP2 laboratory helps to improve processes and create products that meet all the latest requirements, notably
those linked to the environment. The Cerig's role is to keep an active eye on technological developments in these
industries. These various activities ensure that the training offered is up to date with the latest scientific and
technological advances.

pagora.grenoble-inp.fr e cerig.pagora.grenoble-inp.fr « www.facebook.com/GrenobleINP.Pagora

The Laboratory of Pulp and Paper Science and Graphic Arts (LGP2) is a joint research unit (UMR 5518) run
by the CNRS, Grenoble INP and the AGEFPI. It conducts its scientific activities in conjunction with the academic
community of Grenoble Alpes University. LGP2 comprises three teams: Biorefinery: chemistry and eco-processes
— Multiscale biobased materials — Surface functionalization through printing processes. Their research strives to
meet society's expectations when it comes to sustainable development (green chemistry, clean processes,
recycling, biobased materials, renewable energy) and traceability & safety (functional materials, smart paper and
packaging). pagora.grenoble-inp.fr/research/



Media & Public Relations: Jocelyne Rouis
)\’ ‘ Tel + 33 (0)4 76 82 69 44 - Fax: +33 (0)4 76 82 69 33
it presse.pagora@grenoble-inp.fr

View all our press releases at
} , http://pagora.grenoble-inp.fr/media-+-/

Grenoble

AP/NV

64% of arabinose from the hemicelluloses which is remarkably higher than the activity of the
free enzymes.

Chemical and structural analysis of SCB was done by ATR-FTIR, TGA and XRD. FTIR result
showed a successful pretreatment of the SCB raw material. It showed that hemicelluloses
and cellulose are partially depolymerized by the action of xylanase, cellulase and -1,3-
glucanase in ISN-CLEAs. TGA studies showed that the thermal stability of the ammonia
pretreated and enzymatically treated samples have improved remarkably. XRD results
showed that the crystallinity index of the ISN-CLEAs treated SCB increased to 61.3+1%
when compared to the ammonia-treated SCB. Mono-culture fermentation using
Saccharomyces cerevisiae LGP2Y1 utilized SCB hydrolysate containing 103.8 g/L of glucose
and produced 42 g/L ethanol in 36 h of fermentation. The overall metabolic yield achieved
was about 79% of theoretical yield. Co-culture fermentation using Saccharomyces cerevisiae
LGP2Y1 and Candida utilis ATCC 22023 utilized SCB hydrolysate containing 107.6 g/L of
glucose and 41.5 g/L xylose and produced 65 g/L ethanol in 42 h of fermentation. The overall
metabolic yield in co-culture fermentation achieved was about 88 % of the theoretical yield.
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