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SUMMARY

RESEARCH ON THE EFFECTS OF ENZYMES ON THE PROCESS OF GLUCOSE
RECOVERY IN HYDROLYSIS OF PINE WOOD

Acid pretreatment is also considered a s an optimal solution for the hydrolysis of lignocellulosic biomass by
removing lignin and part of hemicellulose in pine wood. However, there are still a number of organic
compounds derived from hemicellulose such as xylobiose, short-chain xylooligosaccharides and xylan that
have not been removed and hinder the hydrolysis ability of the cellulase enzyme. Studying the interaction
between enzymes and surfactants in the hydrolysis of cellulose and hemicellulose from pine wood pretreated
with formic acid helps enhance enzyme accessibility and promotes faster saccharification. In this study, the
enzymes Cellic Ctec 2 and Cellic Htec 2 together and the surfactant Triton X-100 were used as biocatalysts
for hydrolysis cellulose and xylan in pine wood. The surface response model (R2 = 0.99 and R2 — adj =
0.97) shows that the cellulase Cellic Ctec2 (p < 0.0001) has a relatively large influence on the ability to
hydrolyze cellulose into glucose. The results show that surfactants are involved in the hydrolysis of cellulose
and hemicellulose in pine wood after acid pretreatment, helping the enzyme operate stably for a long time,
increasing the ability of glucose recovery at the highest value of 295.2g/L.

Keywords: Cellulase, xylanase, surfactant, response surface method, glucose, pine wood.

1. PAT VAN DE

Sinh khéi lignocellulose tir cac phé phu dat New Zealand. Tai Viét Nam, phé phu
pham trong 1am nghiép duogc sir dung nhu pham tir ring va cdy an qua chiém
mot nguon nguyén ligu san xuat ethanol khoang 24,5% tong lugng phé phu pham
sinh hoc thé hé thir hai dé thay thé ngudn ndng 1am nghiép [1]. Piéu nay dam bao
nguyén liéu sinh hoc thé hé thir nhat tur cung cap g mém cho nganh cong nghiép
ngd, khoai, sin,... nham dam bao an ninh gidy va bot gidy ciing nhu ché bién gd cho
lwong thyc va bd sung ngudn nhién liéu d6 noi that va nha . Mot phan dang ké
ddi dao cho muc dich san xuét ethanol phé phu pham Iam nghiép duoc tao ra
sinh hoc. Trén thé giéi nganh 1am nghiép trong qué trinh thu hoach cay (nhu canh,
phét trién phd bién va rong réi trén cac doan cit va goc cay) va ché bién gd (nhu
loai g6 mém tap trung chu yéu & Chile, dim gd va mun cua) c6 thé duoc st dung
Tay Ban Nha, Nam Phi, New Zealand va lam nguyén liéu dé san xuat nhién liu
Uc. Nhu & New Zealand, cac ddn dién sinh hoc va vat liéu sinh hoc. Hién nay, st
trong gd mém vai tong dién tich trén 1,7 dung cong nghé enzyme trong thity phan
triéu ha, chiém khoang 7% tong dién tich céc polyme carbonhydrate trong g6 mém
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thanh duong glucose va Ién men cac loai
duong nay thanh céc san pham sinh hoc
kh&c nhau htra hen dem lai hiéu qua cao
trong tuong lai, gdp phan tao ra cac nguon
ning luong sinh hoc thay thé ngudn ning
luong hoa thach dang dan can kiét [2].
Thanh phan lignocelulose dién hinh trong
gd mém duoc tinh theo ty 1& gom:
cellulose chiém 42 — 45%, hemicelluloses
21 — 24%, lignin 25 — 30%, chat chiét
Xuit 1 — 10%, cac hop chit vo co khac
khoang 1%. Cellulose trong gb mém Ia
mot polyme tuyén tinh ctia cac don vi D —
glucose c6 mirc d6 tring hop cao, cau tric
c6 trat ty cao va c6 mot phan ban chat
tinh thé. No duoc dan xen Véi
hemicellulose, gom cAu tric ngan va phan
nhanh bao gom glucomannans va
galactoglucomannans dugc acetyl hoa
mot phan véi xyloseva hién dién véi sd
luong nho arabinose. Lignin trong go
mém la mot polymer dang vong duoc ciu
tao tir rwou coniferyl, thanh phan ciu tric
cua lignin cha yéu la guaiacyl va p-
hydroxyphenyl. Lignin cé nhiém vu bao
vé thanh phan cellulose va hemicellulose
cua lignocellulose. Do vay, lignin rat kho
bi phan hity. Cac chat chiét xuat cha yéu
bao gém terpen, acidbéo, ruou, alkaloid,
phenolics, nhya, flavonoid va tinh dau, do
d6 c6 thé anh huong dén tinh chat va chat
lwong ché bién cua go mém [3, 4, 5].

Chinh céc thanh phan khéc nhau trong g
mém c6 thé str dung lam nguyén liéu trong
san xuat nhién liéu sinh hoc va vat liéu
sinh hoc tuy nhién ciing can ¢6 mot cong
nghé tién xir ly hiéu qua dé tach riéng biét
cac thanh phan cellulose, hemicellulose va
lignin trong gd mém. Hién nay c6 nhiéu
phuong phép tién xar 1y nhu vat ly, sinh
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hoc, hoa ly, héa hoc va cac phuong phap
két hop di duoc nghién ctu va phat trién
dé thay phan phan doan thanh phan
lignocellulose trong g6 mém [5, 6, 9]. Tuy
nhién, khong nhiéu trong s6 cac phuong
phap d6 c6 thé phan tach hiéu qua
cellulose, hemicellulose va lignin thanh
cac hop chat riéng biét tng dung cho céc
muc dich khac nhau. Mot phuong phap
tién xu 1y hiéu qua c6 thé hoa tan mot phan
lignin va hemicellulose, giip enzyme tiép
can va thay phan cellulose tao ra glucose
nham nang cao hiéu suat cho san xuat
ethanol sinh hoc [2, 7].

2. THUC NGHIEM
2.1. Nguyén liéu

Cac mau dai dién cua go théng (Pinus)
khong c6 vo, dugc thu thap tai Cong ty
van dam Thai Nguyén cé kich thudc
chiéu rong tir 2,5 dén 3 cm va chiéu daitir
3 - 5 cm. Cac mau dugc nghién nho dén
kich thuéc 1 &én 3mm, dugc sang loc Vi
sang c6 kich thude 6 ludi 0,5mm dé tach
bo phan mun vun va dugc siy bang khéng
khi néng & nhiét do 50°C dén do 4m 8-
10%, bao quan trong tui nhya kin dé d¢am
bao do am cho qua trinh xir ly tiép theo.

Céac enzyme st dung trong nghién cuau:
Ché pham enzyme cellulase (Cellic Ctec
2) cO hoat tinh 238 FPU/mL, enzyme
xylanase (Cellic Htec 2) c6 hoat tinh 1040
XU/mL va chat hoat dong bé mat Triton
X-100 (mL/g), cac ché phiam enzyme va
chat hoat dong bé mat duoc mua tir hang
Novozymes, Pan Mach va tr Sigma-
Aldrich, My.

2.2. Phwong phap nghién cau
2.2.1. Xac dinh thanh phan cia go théng



Thanh phan cua gd duoc xac dinh bang
cac phuong phap sau: ham lugng tro phéan
tich theo phuong phap NREL; Cellulose
(dudi dang glucan), hemicellulose phéan
tich bang phwong phap HPLC xé4c dinh
glucose, xylose, arabinose, galactose va
lignin cua gd thong duoc phén tich theo
qui trinh cia NREL [8].Mau phan tich
dugc pha lodng dén khoang néng d6 cua
duong chuan réi loc qua mang 0,2 um
truéc khi dugec bom vao cot. Chuan bj
mau, cac théng sd va phan tich trén hé
théng Agilent 1200, cot Aminex HPX-
87P v&i thé tich mau 1a 20 uL. Pha dong
1a nudce tinh khiét (Merck, Dtc) véi toe
do dong 0,6 mL/phtt. Phan tich dugc thuc
hién ¢ 80°C véi may do RID va thoi gian
luu la 25 phat.

2.2.2. Xac dinh glucose

Glucose duogc xac dinh bang céch sir dung
D Glucose GOD — POD kit cua héng
Megazyme, My. Cac mau duoc gia nhiét
dén 95°C trong 5 phut dé vo hoat enzyme
trong dich thay phan. Lay 150 pL thudc
thir GOD — POD vao giéng phan @ng roi
lay lwong chinh xé&c 15 uL dich miu da
pha lodng vao giéng phan ung, tron déu
va dé phan ung trong béng téi ¢ 30°C
trong 30 phdt. Phan wng caa mau chuan
va mau tring duoc thuc hién voi 15mL
dung dich glucose 1,0 g/L va 15 pL nudc
cat twong ung. Do hip thu caa hdn hop
phan tmg dugc do ¢ budc séng 510 nm.

Nong d6 glucose cua dich thiy phan duoc
xac dinh nhu sau:

Cglucose (g/L)

Amiudo — Amau tring
= x f

Ay chusn — Amiu tring
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Trong do:

Cglucose: Nong do glucose cua dich thuy
phan (g/L)

Amiu do, Amiu chuin, Amiu trang- bo hép phl.l
cia mau do, mau chuan va mau trang
tuong ung.

f: hé s6 pha long.
2.2.3. Chyp SEM

Nhitng thay ddi cau trac bé mat gd théng
sau thiy phan duoc quan sat bang quét
dién tor bé mat soi bang may FESEM-
NHE (S4800-Hitachi, Nhat Ban) véi nang
lugng chum tai dién tar 10kV. Mau duoc
xt ly ¢ dang bot min, duoc phu 16p vang
va dugc quét chup ¢ do phong dai tir 30
1an-5000 lan.

2.3. Thiét ké thi nghiém
2.3.1. Xur ly gé théng bang enzyme

Gb thong sau tién xtr ly bang acid formic,
tién hanh thiy phan bang enzyme duoc
chuan bi trong binh ¢é dung tich 50 mL,
mdi binh chira 5% (W/v) ba ran, 5SmL dém
natri acetate 0,05M ¢ pH 5,5; 100uL dung
dich sodium azide 2% (dé \ic ché vi sinh
vat). Cac enzyme thuong mai cellulase
(Cellic Ctec 2) c6 hoat tinh 238 FPU/mL
véi gié tri téi wu cua enzyme & nhiét do
t6i 45-50°C va pH 1a 5,0-55; enzyme
xylanase (Cellic Htec 2) c0 hoat tinh 1040
XU/mL véi gia tri téi vu cua enzyme &
nhiét do t6i 45-50°C va pH la 55 va
Triton X-100 dugc thém vao véi cac liéu
luong khac nhau (Bang 1). B6 sung luong
nudc vao mdi binh dé da thé tich 10mL
sau khi thém enzyme. Qua trinh phan tng
dugc thay phan trong ta am, lic véi toc
d6 120 vong/phat ¢ 50°C trong 72 gio.
Phan ung thay phan ding lai bang cach



dun nong dén nhiét d6 100°C trong 2
phit. Hon hop sau d6 dugc loc va ria hai
lan bang nudc. Dich loc dugc loc qua ray
¢6 kich thuée 6 ludi khoang 1,5 mm va dé
qua dém & nhiét do 4°C. B4 sau loc dugc
sdy kho & nhiét do 55°C cho dén do am 8-
10%. Phan tich ham lugng glucose trong
dich thuay phan.

2.3.2. Thiét ké thi nghiém va téi wu héa

Box-Behnken dugc sir dung dé thiét ké
ma tran nghién ctu tac dong tong hop cua
cac bién s anh hudng dén qua trinh thuy
phan gd thong sau tién xir Iy bang acid
formic. Cac bién nay gdm enzyme Cellic
Ctec 2 ¢6 nong do tir 5-50 (FPU/mL),
enzyme Cellic Htec 2 véi nong do tir 10-
100 (XU/mL) va chét hoat dong bé mat
Triton X-100 ¢6 nong do tir 0,15-0,6
(mL/g). Ba bién duoc thiét ké ¢ ba cap
d6: thap (-1), trung tdm (0) va cao (+1) dé
danh gia muc do bién thién cua cac thi
nghiém. Ma tran duogc thiét ké bao gom
15 thi nghiém véi 3 lan l3p tai cac diém
trung tdm (Bang 1). Mdi lan chay thi
nghiém duoc lap lai ba lan va xac dinh
lugng duong glucose dugc giai phong.
Két qua duoc phan tich bang céch ap
dung hé sé xac dinh (R? va R?-adj), biéu
d6 phan hoi va phan tich phuong sai
(ANOVA) bang phan mém Design Expert
11.

3. KET QUA VA THAO LUAN
3.1. Thanh phan dim gd

Go thong dugc thu gom tai Cong ty van
dam g& Thai Nguyén. Thanh phan chinh
trong dam gd thong la cellulose (44,4% +
2,50), hemicellulose (22,9% = 2,60),
lignin (23,6% + 1,44). Thanh phan
cellulose trong go thong tai Thai Nguyén
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trong ty nhu mot s6 thanh phan trong g
thdng (Pinus contorta) dugc thu thap tai
British Columbia [10]. Ham lugng lignin
téng sb phan tich dat 23,6%, trong d6 ham
lugng lignin khong tan trong axit & muc
16,1% va ham lugng lignin hoa tan trong
axit 1a 7,5% Trong cellulose cac gbc
glucose c6 thé duoc giai phong ra ¢ dang
tur do va duoc thu hdi 12 nguon nguyén
licu phu hop khi ma ham lugng lignin
trong nguyén liéu bi loai bo trong qué
trinh tién xir Iy.

3.2. Panh gia hiéu qua thu hai cellulose
trong dim gd thdng bang enzyme

Khi st dung enzyme thuy phan cellulose,
cac soi cellulose s& bi phan céit nho xdc
tdc cua enzyme endo-glucanase, enzyme
nay tham gia vao pha vd mang ludi
cellulose bang cach cat ngiu nhién cac
lien két endo-B-1,4-glucosid dé tach soi
cellulose va enzyme nay khong tham gia
vao viéc thuy phan cellulose thanh
glucose. Theo mot sé cac nghién cau cho
thiy enzyme Cellic Ctec 2, enzyme tir
hdng Novozyme la enzyme co ty Ié
endoglucanase/exoglucanase phu hgp cho
nghién ctu [13].

Ngoai ra, enzyme Cellic Htec 2
(xylanase) c6 thé tham gia vao qué trinh
chuyén hoa xylan thanh cac loai duong
don gian va lam tang hiéu qua cta qua
trinh thity phan cellulose khi két hop véi
Cellic Ctec 2. Pé hiéu rd vai tro cua céc
enzyme trong qua trinh xu ly, dam gob
thong dugc khao sat riéng ré vaéi ting loai
enzyme riéng biét hoac két hop ca hai loai
enzyme ndy, mau ddi ching duoc tién
hanh song song dé danh gia hiéu qua thay
phan cellulose trong gé thdng. Két qua
dugc thé hién trong hinh 2.
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Hinh 1. Anh huéng ciia enzyme dén hiéu
suat thuizy phan cellulose dam gé thong

(H2: Cellic Htec 2; C2: Cellic Ctec 2; TX:
Triton X-100)

Khi str dung cac enzyme riéng I¢ tham gia
trong thuy phan cellulose trong diam gb
thong cho thay hiéu suat thay phan thap,
gitra hai loai enzyme dugc su dung, Cellic
Htec 2 c6 tac dung thay phan han ché
(20,2%) va luong duwong khtr sinh ra chi
dat khoang 0,35 mg/ml, diéu nay cho thay
Cellic Htec 2 chi c6 kha nang phan tach
cac phén tir xylan bdm trén sgi cellulose
con Cellic Ctec 2 c6 kha nang phan huy
lien két B-1,4-glycosid cua phan ti
cellulose nén giai phong dugc cac phan tu
duong cho hiéu suat dat cao hon (31,2%).
Trong thanh phan g& thong ty nhién,
cellulose, hemicellulose va lignin la cac
thanh phan chinh, do d6 khi c6 su két hop
Cia cac enzyme tac dong lén cac thanh
phan té bao thuc vat khac nhau s& lam
tang hiéu qua caa qua trinh thuy phan. Sy
phdi hop cua enzyme cellulase va
xylanase da dugc Tenkanen va cs [11]
nghién ctu trén bot gidy caa gd bach
duong, chinh sy tuwong tac cua CAac
enzyme nay da c0 vai tro quan trong trong
qua trinh duong hoéa hoan toan sinh khéi
lignocellulose. Mot nghién ctru khac ciing
cho thidy trong quéd trinh thay phan
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lignocellulose khi c6 sy tham gia cua cac
chét hoat dong bé mat nhu Tween 20 hoic
Triton X-100 ciing lam giam tac dung phu
cua lignin va duy tri sy 6n dinh cho hoat
dong cua enzyme [12]. Bang su két hop
cta hai enzyme dé xir Iy két hop chat hoat
dong bé mat, hiéu suat thuy phan tang tir
49,3 % lén 58,2%, tang khoang 1,2 lan so
vé6i thi nghiém khong b sung chat hoat
dong bé mat. Pay ciing 1a mot két qua goi
y cho viéc ti uu hoa nham ting hiéu suat
cho qué trinh thuy phén cellulose trong
dam gd thong.

3.3. Anh huéng cia cac bién sé dén kha
ning thu hoéi dwong trong dich thiay
phan tir gé thong

Thiét ké ma tran Box-Behnken duoc st
dung, xac dinh anh huong cua cac bién
riéng Ié dén viéc giai phong glucose. Dé
kiém tra anh huong cua ty Ié gitra hai
enzyme clng vai chat hoat dong bé mat
Triton X — 100, mot ma tran géom cac thi
nghiém da duoc chon nghién ctiu vai cac
yéu té doc l1ap va gié tri wong tng (Bang
1). Trong céac thi nghiém nay, cellulase
(Cellic Ctec 2) duoc bd tri véi ndng do
enzyme thay doi tr 5 dén 50 FTP/mL,
enzyme xylanase (Cellic Htec 2) c6 néng
do thay d6i tir 10 dén 100 XU/mL va
Triton X -100 thay dbi tir 0,15 dén 0,6
(mL/g). Dit liéu thu duoc phan tich bang
phan mém Design Expert.

M® hinh tuyén tinh duoc dé xuat bai phan
mém Design Expert 11 d¢é phd hop véi dix
liéu thuc nghiém. Phan tich ANOVA chi
ra rang md hinh thiét 1ap 1a c¢6 y nghia, vi
gia tri F cao (67,21) va cac gia tri Xac suat
dugc tinh toan (gia tri p < 0,0001) thap
hon 0,05 duoc thé hién trong bang 2.



Bang 1. Ma trdn thi nghiém Box-Behnken va kha ndng thu hoi glucose

trong dich thuy phan
Bién thuc Bién ma héa Glucose (g/L)
ng-gi]élm Cellic Ctec | Cellic Htec | Triton X - A B C Ci;ligl Gldautn
i 2 (FPU/mI) | 2 (XU/ml) | 100 (mL/qg) ' i
doan
1 27,5 55 0,375 0 0 160,7 | 154,8
2 5,0 55 0,6 -1 0 1 90,5 91,1
3 5,0 55 0,15 -1 0 -1 85,8 82,6
4 50,0 10 0,375 1 -1 0 | 2278 | 2325
5 5,0 100 0,375 -1 1 0 75,3 73,0
6 27,5 10 0,6 0 -1 1 2355 | 210,1
7 27,5 100 0,6 0 1 212,2 | 2244
8 50,0 100 0,375 1 0 | 2952 | 284,6
9 50,0 55 0,15 1 -1 | 2735 | 2649
10 27,5 55 0,375 0 0 0 154,8 | 154,8
11 27,5 10 0,15 0 -1 | -1 | 1859 | 1971
12 27,5 55 0,375 0 0 148,4 | 154,8
13 50,0 55 0,6 1 0 1 265,2 | 280,0
14 5,0 10 0,375 1 -1 0 78,5 84,5
15 27,5 100 0,15 0 1 -1 | 208,8 | 2109
Bang 2. Phan tich ANOVA cua m6 hinh rat gon
Ton . Binh phuon
Nguon b‘mr? Bac ty trung binhg F-value | p-value
phuong do (df) (MS)
Model 116,74 7 16,68 67,21 <0.0001 | Phu hop
A- Cellic Ctec2 | 103,56 1 103,56 417,40 | <0.0001
B- Cellic Htec 2 | 0,4716 1 0,47 1,90 0,2104
C-Triton X - 100 | 0,4168 1 0,42 1,68 0,2360
AB 1,29 1 1,29 5,20 0,0567
A? 2,30 1 2,30 9,29 0,0186
B2 2,42 1 2,42 9,75 0,0168
c? 5,83 1 5,83 23,49 0,0019
Residual 1,74 7 0,25
Lack of Fit 1,61 5 0,32 5,27 0,1671 Khdng
phu hop

R? = 0,99; R*-adj = 0,97
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Qua phan tich ANOVA cho thiy cac gia
tri F = 5,27, p = 0,1671 khong phu hop,
cho thiy phuong trinh mé hinh c6 thé
phu hop dé thu hdi glucose khi sir dung
enzyme va chat hoat dong bé mit c6 nong
d6 thich hop dé thuy phan cellulose trong
dam g6 thdng cua nghién ctu nay. Gia
tri R? va R%-adj lan luot 1a 0,99 va 0,97.
Nhitng gia tri nay cho thay su théng nhat
chat ché gitra cac dir liéu thuc nghiém va
cac gia tri du doan. Sy phu thudc cua qua
trinh thu hoi glucose vao nong do enzyme
Cellic Ctec 2, Cellic Htec 2 va Triton X —
100 dugc biéu thi trong phuong trinh sau
(c&c hé sb cb gia tri khong phu hop da
duoc loai bo trong moé hinh). Ham lugng
glucose thu hdi trong dich thay phan
(g/1)=12,43+3,60*A+0,2428*B+0,2283*
C+0,5677*A*B-
0,7901*A%+0,8096*B°+1,26*C*
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Hinh 2. Biéu dé bé mdt ddap vmg thé hién
Mite dg dnh hwong cua néng dé enzyme
Cellic Ctec 2, Cellic Htec 2 dén qué trinh
thu hoi glucose

biéu kién téi wu dé thu hdi glucose duoc
tinh toan bang phan mém Design Expert
st dung md hinh. Téng cong cé 53
phuong an tdi wu da dwoc lya chon gidp
cho thu hdi ham luong glucose cao trong
dich thay phan trén 284,6 g/L. Ham lugng
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glucose dat cao nhat 1én dén 317,4 g/L
trong dich thay phan tai ndng d6 enzyme
Cellic Ctec 2 la 49,5 (FPU/mL), Cellic
Htec 2 1a 99,8 (XU/mL) va Triton X —
100 12 0,56 (mL/g). Viéc bd sung cac chat
hoat dong bé mat khong ion di duoc
chang minh 1 thac day qua trinh thay
phan enzyme hd tro cho viéc giai phong
duong. Tuy nhién, trong nghién cuau nay
va phan tich héi qui cho thay rang viéc bd
sung Triton X-100 vao qué trinh thuy
phan gd thong di qua tién xir Iy di co sy
cai thién vé kha ning giai phong duong
cao. Két qua nghién ctu tuong dong voi
nghién ctu caa Guerfali va cong su [14],
cling cho rang su dung Triton X-100 da
tang hiéu qua thu hoi glucose cta qua
trinh thay phan bang enzyme Ién 45%.
N\ A

— 10pm  AIST 5/29/2054
X 500 5.0kV  SEI WD 5.0mm 19:19:30

Hinh 3. Két qud chup FESEM sei
cellulose gé thdng sau thiy phan bang
enzyme
Quan sat cau tric bé mat cac soi cellulose
sau thuy phan (hinh 3) cho thay, viéc loai
bo céc thanh phan bao quanh soi cellulose
tao diéu kién cho enzyme tiép can va thay
phan cellulose tao thanh glucose. Két qua
ciing cho thay, viéc két hop enzyme
cellulase va xylanase trong qua trinh thuy
phan gd théng gilp cho viéc thu hdi
glucose dat hiéu qua cao. Xét vé goc do
kinh té, tinh hiéu qua trong viéc st dung




enzyme thuong mai va enzyme sir dung
cho nghién cau sé dugc trinh bay trong
mot nghién ciu khéac nhim so sanh tinh
uu viét cua cac enzyme trén.

4. KET LUAN

Trong nghién ctu nay, st dung phuong
phap bé mit dap Gng véi thiét ké Box-
Behnken dé thiét ké cac diéu kién thi
nghiém nhiam xac dinh mdi quan hé giira
enzyme va chat hoat dong bé mit trong
qua trinh thiy phan dam gb thong chua
qua qué trinh tién xir ly. Qua phan tich md
hinh cho thay enzyme Cellic Ctec 2 1a yéu
t6 ¢6 anh huong Ion nhat dén viéc thay
phan cellulose thanh glucose. Gi4 tri R
va R%-adj lan luot 12 0,99 va 0,97, céc gia
tri nay thé hién théng nhét théng qua thuc
nghiém ham luong glucose dat cao nhat 13
295,2 mg/L va gia tri du doan trong md
hinh ciing cho két qua twong dong la
284,6 mg/L. Su két hop cua ca enzyme
cellulase va xylanase trong thiy phan dam
g6 thong di mang lai hiéu qua thu hoi
glucose cao hon so véi viéc str dung tirng
enzyme riéng lé.

Loi cam on: Cac tac gia cam on dé tai
KHCN mé s6 TNMT.DL.2023.02 cta B
Tai nguyén va Mbi truong Ha Noi da
cung cap kinh phi hd tro dé thuc hién
nghién cutu nay.

Cam két: T6i xin cam doan day 1a cong
trinh cia Nguyén Thi Phuong Mai, P
Thi Thao Linh, Pham Khanh Van,
Nguyén Nhu Yén chua giri dang ndi dung
nay & bat ky tap chi nao.
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