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TOM TAT

Qua trinh Ién men ¢ trang thai rén sir dung nidm c6 thé chuyén ddi truc tiép chat thai tir néng nghiép va lam
nghiép thanh cac héa chit hiru ich, chit hoat dong bé mit sinh hoc, vat liéu composite, va nang luong sinh hoc
trong kKhuon khé tng dung tinh ché sinh hoc hodc don gian dugc su dung dé san xuat nam. Viéc tién xir 1y bang
nam ddi véi chat thai nong nghiép lignocellulose cho muc dich tinh ché sinh hoc 14 than thién v6i méi trudng va
ddng thoi két hop cac uu diém nhu dleu kién phan tng nhe, tinh dac hiéu cta qua trinh thuy phan bang enzyme,
khong hinh thanh chét trc ché, va yéu cau nang lugng thip. Do sinh khéi lignocellulose c6 thanh phan va dic tinh
hoa hoc khac nhau nén can xac dinh hiéu qua thiy phan bang enzyme ddi véi timg loai sinh khdi. Mic du hdn
hop céc ché pham enzyme thuong mai di cho thiy kha niang thuy phan sinh khéi lignocellulose nhung hiéu qué
clia qua trinh thily phan enzyme ctia hdn hgp trén rom lia mi van chua duge danh gia. Do d6, nghién ciru nay
nhim muc dich danh gi4 hiéu qua ctia qua trinh duodng hoa cua rom lua mi thong qua qua trinh thuy phan bang
enzyme bang cach st dung hén hop cua cac ché pham enzyme thuong mai (hon hop Celluclast 1.5 L/ Viscozyme L).
Hon nira, tac dong ciia hon hop 1én rom lta mi da duoc xu ly trude bang nim ciing dugc danh gia. Két qua thu
nghiém cia chung t6i cho thiy riang thuy phan bang hdn hop Celluclast 1.5 L/Viscozyme L nén dugc ap dung
v6i ham lugng co chat 13 2,5% (w/v). Tién xt 1y bang Stropharia rugosoannulata dan dén lugng duong cao hon
dang ké so voi ddi chung, voi lugng duong dat duoc lan luot 14 63,0 va 32,6 mg/g trong luong kho.

Tir khéa: Ché phadm enzyme thuong mai, lignocellulose, phu phim ndng nghiép, thuy phan enzyme, tién xir
1y nam.

DAT VAN BE

Chét thai nong nghiép rat déi dao va thwéerng khéng duoc st dung dung murc ¢o thé duoc st dung lam co chét
c6 gia tri cho muc dich cong nghé sinh hoc (Duong, 2024). Nhitng co' chét rdn nay bao gdm ba mia, ba sén, cam
ngd céc, ba ca phé, vo va ba trai cay, rom ra va vo trdu. CAu tric co ban cla cac vat liéu nay (bao gdm cellulose,
hemicellulose, lignin, tinh bét va pectin) quyét dinh tinh chat clia co chét rén. Vi du, rom Ia mi bao gém 37-41%
cellulose, 27-32% hemicellulose va 13-15% lignin (Saini et al., 2015), trong khi cac con sb twong rng déi véi ngi
cbc dao dong tir khoang 45-55% cellulose, 26-32% hemicellulose, va 16-21% lignin (Janusz et al., 2017). Cau
truc (vi du nhw dién tich bé mét dac trwng cla cellulose, do két tinh cia cellulose, mirc do trung hop, kich thuwéc
va thé tich 16 réng) va céc yéu té héa hoc (vi du nhw thanh phan va ham lwgng trong cac nhém hemicelluloses va
acetyl) cling gop phan vao tinh “tro” clia sinh khéi lignocellulose, tao thanh mét tré ngai cho viéc str dung cac co
chét nay trong san xuat nang luvgng sinh hoc va vét liéu sinh hoc (Zoghlami va Paés, 2019). Mat khac, mét s6
nghién ctru chi ra rdng qua trinh 1&n men ran s& dung ndm c6 thé chuyén ddi truc tiép cac co chét lignocellulose
va chét thai tir ndng nghiép va Iam nghiép thanh cac héa chét hivu ich, chét hoat dong bé mét, vat liéu composite
va nang lvong sinh hoc trong khudn khd cac (rng dung tinh ché sinh hoc hodc don gian la duwgc st dung dé san
xuét ndm (Duong, 2024). Viéc tién x ly bdng ndm déi v&i chét thai nong nghiép lignocellulose cho muc dich tinh
ché sinh hoc 1a than thién véi moi treong va ddng thei két hop cac wu diém nhw diéu kién phan ng nhe, tinh
dic hiéu cta qua trinh thay phan bang enzyme, khong hinh thanh chét trc ché, va yéu cau nang lwong thap
(Duong, 2024).

Do sinh khéi lignocellulose co6 thanh phén va dic tinh héa hoc khac nhau nén can xac dinh hiéu qua thdy phan
bang enzyme doi voi tirng loai sinh khéi (Lopez-Gutiérrez et al., 2021). Cac yéu t6 anh hudng dén qua trinh thay
phan enzyme bao gdm nong do enzyme, nong dé co chét, kich thuéc hat va didu kién phan tng (nhiét do, pH,
thoi gian phan (ng, khudy tron, dung dich dém). Sy twong tac cla cac yéu td nay lam cho viéc tdi wu héa qua
trinh thdy phan béng enzyme tré nén kho khan. Hén hop cac ché phdm enzyme thwong mai nhw Celluclast 1.5 L
va Viscozyme L cho phép tao ra hén hop enzyme vé&i nhiéu cellulase va hemicellulase dé thay phan
lignocellulose. Celluclast 1.5 L/Viscozyme L dwgc thiét ké cho cac &ng dung thwc phdm (Lépez-Gutiérrez et al.,
2021). HAn hop Celluclast 1.5 L va Viscozyme L da dwoc téi wu héa cho qua trinh thdly phan enzyme cla ba tao,
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rong bién da qua tién xt ly, va dau bap (Lépez-Gutiérrez et al., 2021). Mac du hdn hop cla cic ché phdm
enzyme thwong mai nay da cho thdy kha nang thay phén sinh khéi lignocellulose nhwng hiéu qua cta qua trinh
thay phan enzyme ctia hén hop trén rom lua mi van chwa duwgc danh gia. Do d6, nghién cliru nay nh&m muc dich
danh gla hiéu qua cua qua trinh dwong hoa cia rom lua mi thdng qua qua trinh thay phan béng enzyme bang
céach st dung hén hop cua cac ché pham enzyme thwong mai Celluclast 1.5 L/ Vlscozyme L. Viéc sir dung hén
hop cla cac ché phdm enzyme thuwong mai cé thé thiic ddy strc manh lién hop clia enzyme. Hon niva, tac dong
ctia hén hop 1én rom lua mi da dwoc xi ly trwdc bang ndm ciing dwoc danh gia.

VAT LIEU VA PHUONG PHAP

Vat liéu

Tét ca cac hoa chat déu thudc loai dung cho phan tich (c&p gradient trong treong hop dung méi sac ky). Tét ca
cac hoa chat dwgc mua tr Merck, Sigma-Aldrich va Th. Geyer GmbH (Renningen, Brc). Hon hop Celluclast 1.5L
va Viscozyme L dwoc mua tir Sigma-Aldrich (Tap doan Merck, Darmstadt, Birc). Celluclast 1.5L la cellulase tw
Trichoderma reesei, co hoat tinh enzyme la 756 don vj glucanase (GU)/g va c6 nong d6 1,22 g/mL. Viscozyme L
la hon hgp enzyme thwong mai tlr Aspergillus sp., 1a sw pha tron clia beta-glucanase, pectinase, hemicellulase

va xylanase. Theo nha s‘én xuét (Novozymes Corp.), hoat tinh enzyme chinh cla Viscozyme L duwoc thé hién
bang beta-glucanase & néng d¢ 108 GU/g, twong (rng v&i nong do 1,21 g/mL.

Tién xt ly rom lta mi théng qua ndm

Stropharia rugosoannulata (DSM 11372) 1a loai ndm dwoc dung cho nghién ctu, thu dwoc tir b swu tap cla
Khoa Sinh thai Vi sinh véat U’ng dung tai Trung tdm Nghién ctu Méi treong Helmholtz - UFZ (Leipzig, Dirc).
Chling nam nay ciing c6 s&n tai B6 suu tap Vi sinh vat va Nudi cly Té bao Blrc (DSMZ; Braunschweig, Buc).
Chung n&m dwoc duy tri trén dia thach chiét xuat mach nha 2% (w/v) (thach 1,5%; pH 5,7) & 28°C trong béng téi.
Tién xt Iy rom |Ga mi b&dng ndm d& dwoc mo ta chi tiét b&i Duong, 2024. Tém lai, cac thi nghiém duoc thwc hién
trong lo polypropylene. Cac lo dugc trang bi nap van mang théng hoi (mang PTFE c6 dudng kinh 25 mm va d6
x6p 0,2 um (Whatman/GE Healthcare, Duic)). D& cdy ndm, cac phan thach (dwoc l4y tlr cac canh clia cum ndm
moc trén dia thach mach nha) dwoc dé“)ng nhat hoa trong méi trwdng chiét xuat mach nha 2% (mot phan thach
trén 1 mL mai trwdng chiét xuat mach nha) véi sw tro gitip ctia Ultra-Turrax (Staufen, Birc). Sau dé, 0,5 mL huyén
phu ndm thu duwgc duwoc siv dung dé cy vao 0,5 g rom lia mi da dwoc cat nhé va hdp khi tring. Luong sinh
khéi ndm dwoc ciy vao & mire 1.8 + 0.3 mg (sinh khdi nAm dwoc xac dinh dwa trén ergosterol; Vui Ibng xem mé
ta chi tiét vé& phwong phap xac dinh sinh khéi ndm dwa trén ergosterol trong luan an ctia Duong, 2024). Rom lGa
mi dwoc hap khir tring va khéng qua x@ ly trwéc bang ndm dwoc dung lam dbi ching. M6i nghiém thirc dwoc
thwe hién ba lan, mau dwoc U & 28°C trong 14 ngay. Mau sau khi G da dwoc lwu trir & -20°C, sau d6 dwoc lam
sach béng 0.1 M Mcllvaine buffer (pH 7.0). Phan chét rén sau d6 dwoc lam kho & 50°C trong 48 gid va dwoc xac
dinh trong lwgng khdé. Kha nang phan hdy rom lda mi cha S. rugosoannulata da dwgc nghién clru va trinh bay
chi tiét trong luan an ctia Duong, 2024.

Thuy phan bang enzyme

Phan chét ran sau khi dwoc lam kho & trén dwoc ddng nhat bang may nghién bi (Pulverisiette 23; Fritsch, Idar-
Oberstein, Birc) & téc d6 50 oscillations mbi gidy trong 5 phut va dwoc bdo quan & nhiét dd phong trong diéu kién
kho rao trong bong tbi cho dén khi phan hiy béng enzyme. Cac ché phdm enzyme thwong mai Celluclast 1.5L va
Viscozyme L dwoc ap dung dwa trén div liéu d& dwoc cong bd trudc d6 (Lopez-Gutiérrez et al., 2021) trong hén
hop & 121 (d6i v&i Celluclast 1.5L) va 15,8 (d6i v&i Viscozyme L) GU/g chét ran lignocellulose khd. Qua trinh
thdy phan bang enzyme dwoc thuc hién trong éng Eppendorf 2 mL s dung dung dich dém Na-citrate 0,1M (pH
4,8) c6 chwa 0,2 g/L tetracycllne dé& ng&n chan sy phat trién cla vi khuén trong hén hop phan (rng. Cac mau rén
lignocellulose dwoc ap dung & mirc 2,5% hoéc 5% (w/v) Qua trinh 0 dwoc thye hién & tbc dd 150 vong/phut va
40°C trong 18 gid. Sau d6, mau dwoc déng lanh ngay & -20°C va bao quan & nhiét d6 nay cho dén khi phan tich.

Sau khi rd déng cac mau thu duoc tir qua trinh phan hly béng enzyme, chiing dwoc ly tam & 4°C va 20817 x g
trong 10 phat (Eppendorf, Hamburg, Birc). Dich chiét thu dwoc dwoc gitr & -20°C dé xac dinh lwong duwdng khiy
tbng s6.

Xac dinh ham lwong dwong khir tdng sé theo phwong phap DNSA

Tbng lwong dwdng khir trong dich chiét duoc xac dinh béng phwong phéap axit dinitrosalicylic (DNSA) (Gongalves
et al., 2010). Tom Ia| 25 pL thubc thLP DNSA (1% [w/v] DNSA, 30% [w/v] kali natri tartrat, 1,6% [w/v] NaOH) dwoc
thém vao 25 pL mau trong cac giéng clia dia 96 giéng (day phéng). Sau do, dia 96 giéng (c6 ndp) duwoc dat trén
may l&c & tbc d6 150 vong / phut trong 30 gidy, sau d6 0 & 85°C trong 10 phut. Sau do, dia 96 giéng duwoc lam
ngudi trén da va ngay lap tic thém 250 L nwéc cat vao giéng. Do hap thu duoc doc & budc séng 530nm, st
dung d3u doc GENios Plus (Tecan, Mdnnedorf, Thuy Si). Viéc hiéu chuin phuwong phap dwoc thuc hién béng
cach st dung hdn hop co6 lwong D-glucose va D-xylose béng nhau, dwa trén lwong glucan va xylan vé co ban ¢
thé so sanh dwoc trong rom Ita mi dwoc bao cdo truwdc d6 (Garcia-Torreiro et al., 2016).
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Phan tich théng ké

Cac ngoai I& (outlier) trong sb cac bd dir liéu ba l&n dwoc xac dinh béng cach st dung thg’f nghiém Dean-Dixon.
Bai kiém tra f-tests va Student’s t-tests hai mau (hai mat) khéng ghép dbéi dwoc thwc hién bang Microsoft® Excel®
2013 (phién ban 15.0.5327.1000).

KET QUA VA THAO LUAN

Hinh 1 mé ta lvgng dwong thu duoc lan lwgt tir qua trinh xtr Iy bang hén hop Celluclast 1.5 L/Viscozyme L cho
rom lGa mi dwoc hap khir trung (ding lam déi chirng) hodc rom dwoc hap khir trung va tién x& ly bang ndm muc
trang S. rugosoannulata. Cac mau rén lignocellulose duwoc ap dung & mic 2,5% hodc 5% (w/v). Hinh 1 cho thay
rang lwgng dudng cao nhéat la 63,0 mg/g trong lwong khé dat dwoc khi tién x& ly béng S. rugosoannulata va thiy
phan bang hén hop Celluclast 1.5 L/Viscozyme L v&i ham lwgng co chét 1a 2,5%. Lwong duwong khir thu dwoc
nay cao gap doi so véi déi chirng (rom lua mi dugc hép khr triung va thay phan béng hén hop Celluclast 1.5
L/Viscozyme L v&i ham lwong co chét la 2,5%). Xa hon niva, cac bai kiém tra f-tests va Student’s t-tests hai mau
(hai mat) khdong ghép dbi da dwoc thuwc hién dé kiém dinh sw khac nhau trong hiéu qué thay phan khi str dung
hén hop Celluclast 1.5 L/ Vlscozyme L cho cac nghiém thirc. K&t qua clia cac bai kiém tra dwoc trinh bay trong
Bang 1 va Bang 2. Trwde hét, bai kiém tra f-tests da dwoc ap dung va két qua bai kiém tra f-tests cho thay rang
phwong sai clia hai mau khong khac nhau dang ké (P > 0,05), do d6 bai kiém tra Student’s t-tests hai mau (hai
mat) khéong ghép déi (phwong sai bang nhau) d& duwoc ap dung. Két qua bai kiém tra Student’s t-tests hai mau
(hal mat) khéng ghép ddi cho thay ring cé sw khac biét dang ké trong hiéu qua thdy phan & ham lwong co chét

2,5% hodc 5% (w/V) (P < 0,05) (Bang 1). O mirc ham lwong 2,5%, co su khac biét dang ké trong hiéu qua thay
phan cho rom lia mi dwoc hap khiy tring hodc rom dwoc hdp khir tring va tién x& ly bang S. rugosoannulata (P
< 0,05), tuy nhién sy khac biét la khong dang ké khi ham Iwong co chét 1a 5% (P > 0,05) (Bang 2). Két qua
nghlen ctru cho thay rang ham lwong co chét 2,5% (w/v) nén dwoc ap dung cho cac nghién clru twong lai va hiéu
quaé cla tién xt ly béng chiing nAm muc trang S. rugosoannulata cho muc dich tdng cwéng qua trinh dwérng héa
clia rom lia mi da dwoc chirng minh.
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Hinh 1. Lwong dwéng thu dwoc tir cac cong thirc thi nghiém

Bang 1. Két qua kiém tra f-tests va Student’s t-tests hai mau (hai mat) khdong ghép déi dwoc thuwee hién biang Microsoft®

Excel® 2013 khi so sanh két qua thiy phan bang hdn hep Celluclast 1.5 L/ Viscozyme L & ham lwgng co chat 2,5% va

5% (wiv). Sw so sanh dwoc thwe hién cho rom lua mi dwoc hép khir tring hodc rom dwoc hdp khir triing va tién xir ly
bang S. rugosoannulata

f-tests  Student'’s t-tests

Rom IGia mi dwoc hdp khir trung 0,383 0,017

Rom lia mi duwoc hap khiy tring va duoc O véi S. rugosoannulata 0,165 0,016

Bang 2. Két qua kiém tra f-tests va Student’s t-tests hai mau (hai mat) khéng ghép déi dwoc thwe hién béng Microsoft®

Excel® 2013 khi so sanh két qua thay phéan bang hén hop Celluclast 1.5 L/ Viscozyme L chia rom Itia mi dwoc hap khiv

triung hodc rom dwec hap khip triing va tién xiv ly bang S. rugosoannulata Sw so sanh dwoc thwe hién cho ham lwong
co chét 2,5% va 5% (wiv)

Ham lwong co chat (w/iv) %  f-tests  Student’s t-tests

2,5 0,137 0,001
5 0,449 0,522
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Hiéu qua cla hén hop Celluclast 1.5 L/ Viscozyme L da dwoc chirng minh va so sanh véi nhivng hén hop khac
b&i mot s6 nhom nghién ctru. Vi du, hai hén hop nhi phan cla cac ché pham enzyme thwong mai cé hoat tinh
cellulase va hemicellulase (Celluclast 1.5 L/Viscozyme L va Cellic® Ctec2/Cellic® Htec2) da dwoc st dung dé
thdy phan ba cay thua (khéng qua tién x ly) (Lopez-Gutiérrez et al., 2021). H6n hop Celluclast 1.5 L v&i
Vlscozyme L da dwoc chirng minh 1a ¢ kha nang dudng hda ba cay thua cao hon, méc du hén hop nhi phan
cltia Cellic® Ctec2 véi Cellic® Htec2 dugc thiét k& d& dwong hoa sinh khéi Ilgnocellulose (Lopez-Gutiérrez et al.,

2021). Mét wu didm khac cla Celluclast 1.5 L va Viscozyme L la ching ré hon va coé sn trén toan thé gioi
(Lépez-Gutiérrez et al., 2021).

Nghién ctru clia chung t6i cling cho thdy rang ching nAm muc trang phan hady lignin S. rugosoannulata da dan
dén viéc tién xt ly ndm hiéu qua vwot qua gia tri kiém soat twong (ng. Quan sat nay da chirng thuc cho nhitng
phat hién trwdc d6. T 1au, ngwdi ta da chi ra rang qua trinh phan giai lignin (delignification) la diéu kién tién
quyét quan trong dé qua trinh dwong héa thdy phan hiéu qua lignocellulose va do d6 Ia thach thirc Ion dbi voi
viéc st dung thanh cong lignocellulose (Andlar et al., 2018). Dbi v&i van d& nay, nAm muc trng 1a chiing ndm
phan hay lignin chinh trong tw nhién va kha ndng phan hdy lignin ctia ching ré rang vwot trdi so véi ndm muc
nau va ndm muc mém (Andlar et al., 2018). Do dd, nAm muc tréng la chét xuc tac sinh hoc h&p dan dé tién x ly
sinh khéi lignocellulose va hra hen mang lai san lwgng dwdng cao nhd qué trinh dwéng héa bang enzyme. Vi
du, viéc rng dung thanh céng ndm muc trdng Trametes hirsuta dé x& ly so b rom ra va than cay ngd da duoc
mo ta trwdc day (Sun et al., 2011; Saritha et al., 2012). NAm muc trang Irpex lacteus duoc st dung dé xt ly sinh
hoc than cay ngd, di kém v&i viéc san xuat nhiéu loai enzyme thly phan va oxy héa ngoai bao (Du et al., 2011).

KET LUAN

Trong nghién ctu nay, qué trinh dwéng hoa ctia rom lia mi da dwoc danh gia théng qua viéc st dung hén hop
ché pham enzyme thuong mai la Celluclast 1,5 L va Viscozyme L. Két qua thir nghiém cho thay thay phan bang
hén hop “enzyme Celluclast 1.5 L/Viscozyme L nén dwoc ap dung & ham lwong co chét 13 2,5%. Tién xtr ly bang
chdng ndm muc trdng phan hay lignin S. rugosoannulata cho lvgng dwong khtr thu nhan dwoc cao hon dang ké
so v&i dbi chirng, véi lwong dwong 1an lwot 12 63,0 va 32,6 mg/g trong lwong kho.

Loi cam on: Chiing t6i xin cam on Hauke Harms, Thomas Maskow, Sven Paufler, Madlen Schubert, Stefanie Loth, Claudia
Heber, Martina Kolbe, Katrin Liibke, Chau Nguyen, Quynh Nguyen, va Han Nguyen vi su hé tro tuyét voi vé thuc nghiém va
kP thudt ciing nhie hé tror vé mdt phwong phép. Chiing t6i ciing chdn thanh cam on sw tdi tror tir Dé dn Pao tao gidng vién ¢é
trinh dg tién si cho cdc truong dai hoc, cao ding giai doan 2010-2020 (Pé dn 911) ciia Chinh phii Viét Nam cho hoc bong
Tién si ciia Dwong Hiéu Linh tai Pire. Cong trinh nay dwoc hé tro béi Hiép héi cac Trung tam Nghién ciru Pirc Helmholtz
trong khudn khé Nén ting Tich hop “Tapping nature’s potential for sustainable production and a healthy environment”
tai UFZ.
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INVESTIGATE THE EFFECTIVENESS OF FUNGAL PRETREATMENT
AND ENZYMATIC HYDROLYSIS OF WHEAT STRAW WITH A MIXTURE
OF COMMERCIAL ENZYMATIC PREPARATIONS

Duong Hieu Linh", Dietmar Schlosser?

"Vietnamese-German University (VGU), Ring Road 4, Quarter 4, Thoi Hoa Ward, Ben Cat City, Binh Duong Province,
Vietnam
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15, 04318 Leipzig, Germany

SUMMARY

Solid-state fermentation using fungi could directly convert lignocellulosic by-products and waste from
agriculture and forestry into useful chemicals, building blocks, biosurfactant molecules, composite materials and
bioenergy within the frame of biorefinery applications, or simply be used for mushroom production. Fungal
pretreatment of lignocellulosic agricultural wastes and their qualification for biorefinery purposes is
environmentally friendly and concomitantly combines advantages such as mild reaction conditions, the
specificity of enzymatic hydrolysis, no inhibitor formation, and low energy requirements. Lignocellulosic
biomass has the different composition and chemical characteristics, thus, it is necessary to determine the
effectiveness of enzymatic hydrolysis for each type of biomass. Although the mixtures of commercial enzymatic
preparations have shown the capabilities to hydrolyze lignocellulosic biomass, the effectiveness of the enzymatic
hydrolysis of the mixtures on wheat straw has not yet been evaluated. Therefore, the present study aims to
investigate the effectiveness of the saccharification of wheat straw through the enzymatic hydrolysis by the use
of a mixture of commercial enzymatic preparations (namely Celluclast 1.5 L/ Viscozyme L). Moreover, the
impact of the mixture on fungal pretreated wheat straw is also assessed. Our experimental results showed that
enzymatic hydrolysis with the mixture of Celluclast 1.5 L/Viscozyme L should be applied at the solid loading of
2.5% (W/v). Pretreatment with Stropharia rugosoannulata results in a significantly higher sugar amount than the
control, with 63.0 and 32.6 mg/g dry mass, respectively.

Keywords: Agricultural wastes, commercial enzymatic preparations, enzymatic hydrolysis, fungal pretreatment,
lignocellulose.

" Author for correspondence: Tel: 906464666; Email: linh.duong@vgu.edu.vn
198



