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1. MO PAU

Nhién liéu sinh hoc dang 14 xu thé méi cia thé gidi trong viéc tim kiém ngudn ning lugng
thay thé cho nguf)n nang lugng tir hydrocacbon dang dan can kiét. Hién tai, cdc phuong phép sén
xuét nhién liéu sinh hoc da phan ap dung cong ngh¢ phan giai ¢ nhlet dd cao, sau d6 tao phan
ung voi hydro va trai qua qua trinh tinh luyén truc t1ep dé chiét xuat thanh nhién liéu sinh hoc [1,
2]. Qua trinh nay doi héi thuc hién & nhiét do, ap suit cao va c6 tic dung cua chét xdc tic nén
gid thanh san phdm sau khi ing dung vao san xuat 12 khd cao. Chinh vi vy, nghién ctru tmg
dung céc vi sinh vat nhu mot ngudn xic tic sinh hoc dé thiry phan cdc phé liéu nong nghiép nhu
rom ra dang la giai phap moi trong viéc phat trién nhién liéu sinh hoc. Giai phép nay vura khong
tiéu hao ngudn lwong thuc ciia con nguoi vira loai bo cdc phé phu phim ndng nghiép mot cich
than thién véi moi truong ma cé thé hy vong s€ sén xuét duoc nhién liéu sinh hoc véi quy mo
16n, nhd wu diém hiéu suat cao va gid thanh giam.

Trong khudn khé bai bdo nay, chiing toi sir dung quy hoach thyc nghiém dé tim gia tri t5i
wu cdc thanh phan tham gia qua trinh thiy phan cellulose sao cho dat hiéu qua thiy phan cao nhat.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit ligu

- Rom ra khd sau thu hoach duoc xéy kho, xay nghién va loc qua ray dé dat duoc kich
thude khoang 1 mm.

- Nam méc Aspergillus terreus AF67 (ki hiéu AF67): 1a chung glong c6 khé nang phan huy
cellulose manh do khoa Sinh- trudng Pai hoc Tong hop Belarus cung cip (Dé tai hop tic Viét -
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Nga) dang duoc luu gilr tai Phong Cong nghé khai thdc ché bién tai nguyén thién nhién, Vién
Hoéa hoc cac Hop chat thién nhién.

2.2. Méi trwdng nudi ciy

- Méi trudng nudi cay nam moc: mdi trudong Crapeck

- Mbi trudng thay thé (MT2): cellulose 20 g; NaNO; 1g; KH,PO, 1 g; MgS0,.5H,00,5 g,
cao men 0,5 g, thach 15 g, nuéc 1000 ml, pH 5. Khtr trung & 1atm, 30 phuit.

2.3. Phwong phap nghién ciru
2.3.1. Tdch cellulose tir rom ra (phwong phdp Hypoclorit)

St dung cellulose tich tir rom ra vi trong cellulose tinh thé Iugng duong glucose c6 thé dat
dén 90%, cic duong nhu xylose, arabinose con lai khong dang ké va rat it rhamnose. Nhu vay,
chi st dung cellulose s€ thu duoc hau nhu chi ¢6 glucose. Piéu nay s€ thuan tién cho giai doan
[én men ethanol tir glucose.

Téch va chi st dung cellulose tir c4c thanh phﬁn hdn hop cia nguyén lidu, coi nhu 1am sach
cellulose, loai bo céc tap chit ma céc tap chit nay la nhiing chit {rc ché rit manh hé enzyme
cellulose trong thuy phén cellulose, d6 1a hemicellulose lignin, silic ciing nhu cc du lugng chit
trir con lai trong nguyén liéu [1, 2].

3.2. Xac dinh kha nang sinh enzyme cellulase bang phwong phap axit dinitro salicylic DNS [3]

Dua trén kha nang hidro héa ciia enzyme cellulase dé bién ddi co chat (CMC, rom ra)
thanh duong glucose. Glucose phan tmg tao mau véi thude thir DNS. Cuong d6 mau ciia hdn
hop phén tng ti 1& thudn véi ndng d6 duong glucose trong mot pham vi nhat dinh.

San pham sau phan tmg duogc xdc dinh bang phuong phap do quang ¢ budc séng 540 nm.
Dua theo d thi dudng chuan cia L glucose tinh khiét v6i thudc thir DNS ta s& dé dang tinh dugc
ham luong duodng sinh ra trong mau thi nghiém.

Cdc budc tién hanh

- Dung duong chuén glucose: D4 thi chuin duoc xdy dung tor mat d§ quang OD cua dung
dich glucose vdi cdc ndng d6 0,1; 0,2; 0,3; 0,4; 0,5; 0,6 (mg/ml). Mét d6 quang cta day dung
dich chuan dugc dwa ra trong bang 1 va mdi tuong quan gitta nong do glucose va do hap thu
quang dugc chi ra ¢ hinh 1.

Béng 1. Méat d6 quang cta day dung dich chuén glucose

Néng d6 glucose (mg/ml) 0 0,1 0,2 10,3 0,4 0,5 0,6
bo hép thu (OD) 0,253 |1 0,289 | 0,4 | 0,566 | 0,656 | 0,783 | 0,949
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Nghién ctru tbi wu héa qua trinh thdy phén cellulose tach tir rom ra thanh dudng tan cda nam...

y = 1.19x+ 0.1996

R? = 0.9826
2 1-
S
0.8 -
0.6 1 —e— D hép thy quang(OD)
04 4 . A A
Linear (B¢ hap thu
023 quang(OD))
0 . . . . . )

0 0.1 02 03 04 05 06
Nong do glucose (mg/ml)

Hinh 1. D6 thi dwéng chuan glucose

- Xac dinh kha néang sinh enzyme cellulase ¢ céc giai doan cta qua trinh 1én men
~ MOi trudng thay thé (MT2) c6 bo sung 5% chung giong vi sinh vat da 1én men 48 gio. Nudi

cay trén mdy lac 240 vong/phut ¢ 35 °C. Tai cdc thoi diém khéc nhau cua qué trinh 1én men:
0 gi0d, 24 gio, 48 gio... tien hanh hit dich 1én men, li tim ¢ 10 000 vong/phiit trong 30 phut, hit
dich trong dé do lugng dudng sinh ra.

Enzyme cellulase sinh ra s& thuy phan cellulose thanh duong tan. Lugng duong sinh ra
cang nhiéu thi cang bit mau dam véi thude thir DNS. Do lugng dudng sinh ra ¢ cic thoi diém
clia qua trinh 1&€n men s€ ddnh gia dugc kha nang thily phan cellulose clia enzyme cellulase.

2.3. Phwong phap quy hoach thwe nghiém [4, 5]

Trong qua trinh thuy phan cellulose thi ndng do glucose tao thanh phu thudc vao thanh
phan tham gia thuy phan: nong do cellulose, nong do enzyme cellulase, nhiét do, pH... Bang cach
gitr nguyén mot s6 céc thong s6 anh hudng dén diéu kiéu nudi cay nhu nhiét d9, pH, . . tién hanh
t6i wu héa theo 2 thong so6 la ham lugng cellulose va enzyme trong khoang thich hop Tur d6, s€
tim duoc hiéu suét t6i wu cho thuy phan cellulose trén co s¢ mo hinh thyc nghiém thong ké mo ta
twong hop két qua thuc nghiém.

Tién hanh thwc hign: Ap dung phuong phdp quy hoach thyc nghiém ¢ trén cho qud trinh
thity phén cellulose, bd tri cédc thi nghiém voi do6i tuong mau 12 cellulose thay ddi tir 0,6 g den
2,0 g va lugng enzyme cellulase thay d01 tir 4 ml dén 10 ml. Mdi mt thi nghiém déu duoc tién
hanh thuy phan tai cung d1eu kién glong nhau trong 100 ml dung dich dém citrat 0,5 M (pH =
5,0) va nhiét d6 & mau 45 °C (nhiét d6 thily phan cta enzyme cellulase). Tai cac thoi diém 0 gio,
24 gio,... ldy mot lwgng miu nhét dinh ra phén tich ham lugng duong glucose theo phuwong phép
DNS, mdi méu lap lai 2 1an.

3. KET QUA VA THAO LUAN

3.1. Két qua tach cellulose tir rom ra
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Hinh 2. Cellulose sau qua trinh xt Ii

Cellulose sau qu4 trinh xir If ¢6 dic diém mau tréing duc, bdng xdp va hiéu suét dat 40 - 45% .
3.2. Khi ning sinh thity phan cellulose ciia nAm méc Aspergillus terrius AF67

- Céy 1 vong que cdy bao tir nAm mbc AF67 da duoc hoat héa vao 50 ml mdi truong
Crapeck trong binh tam gidc 250 ml, 1én men trén méy lic 240 vong/phut, & 35 °C trong 48 gid.
Thu dugc dich gidng.

- B sung 5% dich gidng vao binh tam gidc 1000 ml c6 chira sin 250 ml méi truong MT2.
Nudi cdy trén mdy lic & 240 vong/phiit & 35 °C. Tai céc thoi diém khéc nhau cta qua trinh 1én
men: 0 gid, 24 gid, 48 gio ... tién hanh hit dich 1&n men, li tim & 10 000 vong/phit trong 30
phiit, hit dich trong va do lugng duong sinh ra theo phuong phap DNS. Do hap thu quang & céc
giai doan khéc nhau ctia qua trinh Ién men do dugc ¢ bang 2.

Bang 2. Mat d6 quang & cac giai doan cla qua trinh 1én men

Thoi gian (h) 0 24 |48 |72 96 120 | 144 | 168
Do pha lodng - - 51an | 101an | 151an | 1014n | - -
Mit d6 quang (OD) | 0,315 | 0,465 | 0,545 | 0,611 | 0,645 | 0,478 | 0,553 | 0,065

Dua vao phuong trinh phuong trinh dudng chuén glucose
y= 1,19x + 0,1996 (R2 = 0,9826)
trong d6: y 1a mat d6 quang; x 12 ham luong glucose, suy ra nong do glucose & céc thoi diém
cuia qud trinh Ién men.

Béng 3. Néng d6 dwong glucose & cac giai doan cla qua trinh Ién men

Thoi gian 0 24 48 72 96 120 144 168

(h)
Nong do | 0,096 | 0,223 | 1,45 3,457 5,61 2,33 0,297 0,065
glucose
(mg/ml)
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Nghién ctru tbi wu héa qua trinh thdy phén cellulose tach tir rom ra thanh dudng tan cda nam...
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Hinh 3. Néng d6 dwong glucose & cac giai doan clia qua trinh 1én men

. Két qua trén cho théy, nam méc AF67 ¢6 kha nang phan giai rom ra thanh dudng tan, va trong
diéu kién 1én men trén, khoang thoi gian 96 gio thi lugng duong sinh ra nhiéu nhat 1a 5,61 mg/ml.

3.3. Lén men thu dich enzyme

Lén men 250 ml méi truong MT?2 trong binh tam gidc 1000 ml voi diéu kién I1én men
khong d6i la pH = 5, nhiét d¢ 35 C va 5% dich men giéng, 1én men trong khoang 96 gid thi
li tam loai sinh khoi, thu dich trong 1a dich enzyme tho. Str dung dich enzyme thu dugc cho
cdc nghién cuu tiép theo.

3.4. Nghién ctru téi wu héa qua trinh thuy phén cellulose tao thanh glucose

Tién hanh bién ddi ti 1& gitra ham luong cellulose va enzyme cellulase thd thu dwoc. Do
ham Iugng glucose va chon gia tri 16n nhat ctia mai thi nghiém, ta thu dugc két qua ¢ bang 4.

Béng 4. Glucose thu dwoc theo sy thay déi cta ham lwongcellulose va enzyme cellulose

TN z, (Cellulose, g) 7, (Enzyme, ml) y (Glucose, mg/ml)
1 0,6 4,0 4,397
2 2,0 4,0 13,101
3 0,6 10,0 4,765
4 2,0 10,0 13,849
5 0,6 7,0 4,650
6 2,0 7,0 13,619
7 1,3 4,0 8,691
8 1,3 10,0 8,863
9 1,3 7,0 8,710
10 1,65 8,5 11,394
11 1,65 8,5 11,279
12 1,65 8,5 11,167
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Thyc hién phwong phép t6i wu héa thuc nghiém, ma héa sé lidu bang 4 ta c6 bang ma
tran truc giao bac hai 2 bién (bang 5).

Béng 5. Ma tran ké hoach thuc nghiém va két qua

TT Xo X3 X, X1X3 x| x,’ y ¥
1 +1 -1 -1 +1 0,3333 0,3333 4,397 4,286
2 +1 +1 -1 -1 0,3333 0,3333 13,101 13,205
3 +1 -1 +1 -1 0,3333 0,3333 4,765 4,716
4 +1 +1 +1 +1 0,3333 0,3333 13,849 13,635
5 +1 -1 0 0,3333 -0,6667 4,650 4,501
6 +1 +1 0 0 0,3333 -0,6667 13,619 13,420
7 +1 0 -1 0 -0,6667 0,3333 8,691 8,746
8 +1 0 +1 0 -0,6667 0,3333 8,863 9,175
9 +1 0 0 0 -0,6667 -0,6667 8,710 8,961

St dung phﬁn mém xir Ii s& lidu quy hoach thuc nghiém b?"mg ngbn ngit thuat todn

FORTRAN [4] ta nhan duoc céc két qua sau:

Phuong sai téi sinh xdc dinh tir 3 thi nghiém bd sung & x; = 0,5 vax, = 0,5 véi y la: 11,394;

11,279 va 11,167.
3
Dy,
F=il 11728
YT
3

>y, -v)

st =t 20,0129
2

Trong bang 5 ta c6:

Ta tim phuong trinh hoi quy

y=b, +bx, +b,x, +b,xx, +b,x, +byx,

va dé dang dua vé dang thong thudng:
$=b, +bx, +b,x, +b,x,x, +b,x] +b,,x;

Vol
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Nghién ctru tbi wu héa qua trinh thdy phén cellulose tach tir rom ra thanh dudng tan cda nam...

' —2 —2
by = by — b, x;" —b,,x, “)
Céc hé s6 cua phuong trinh (3.2) dugc xac dinh nhu sau
N
Z XiYi
_ =l
bi=Ta 5)
Z Xji
i=1
va phuong sai cia cdc hé 56
2
2 _ St
Shj =N ) (6)
2.
i=1
Theo két qud tinh todn ta co:
Hé Sé bj b()’= 8,961 b1 = 4,459 b2 = 0,215 b12 = 0,095 b“ = 0,307 b22 = 0,05
. X z S —
;‘;h Ss"bj xac 00378 |Sm="Sn=0.0463 Sh12= 0,0567 | Spyi= Spaa= 0,0802
Gia trj tbj tyo = 236,84 1 = 96,24 = 4,63 2= 1,67 11 = 3,83 tyn = 0,62
Chuan sb Student tra bang:
t,() = to05(2) =4,3
Chi nhiing t,;> 4,3 méi c6 nghia tirc 1a:
by =b’g= 8,961
b;=4,459
b,= 0,251
va ta c6 phuong trinh hdi quy:
v = 8,961+ 4,459x, + 0,215x; . (7)
Theo (7) tinh cac gié tri }Aii va dua vao bang.
Phuong sai twong hop:
& 2
Z (y i Vi )
2
§, =—— )]
th N_|
trong d6 N =9 va 1 = 3 (s6 hé s6 ¢6 nghia ciia phuong trinh hdi quy).
s; =0,0494
Ta tinh
2
s% _ 0,0494 3836
s 0,0129

ts

Gia tri tra bang
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F, (f, £2)= Fo 05 (6, 2) = 19,2
F<F,(f, )
Vdy phuwong trinh hoi quy tiwong hop véi két qua thiee nghiém.
Chuyén phuong trinh (7) tir dang bién ma héa vé bién thuc trén co so st dung cong thirc
ma héa

0
l; —Z;
j J
Xj=— ©)
J AZj
Ta duoc:
v = 0,176+ 6,37z, + 0,072z, (10)
Can ct vao (7) thi
5 =13,635

Ta c6 nhdn xét sau: Hai yéu t6 ndng do cellulose va nong do enzyme déu anh huong dén
hiéu sudt qud trinh thuy phan glucose, trong d6 anh huong cua nong d cellulose (yéu td 1)
manh hon (theo gia tri h¢ s6 thudc yéu t6 nay so voi hé so yéu t6 thir 2).

Theo phuong trinh (7), can lam tiép thi nghiém, theo hudng ting x, va x, tic ndng do
cellulose va enzyme.

Két qua thi nghiém dé chon gid tri y cuc dai nhu sau:

TN 7,(g cellulose) 7, (ml enzyme) ¥ (CGiucose mg/ml)
I 2,3 14 15,388
2" 2,5 15 15,867
3" 2,6 15 15,821

O thi nghiém 2" ta nhan dugc hiéu suit cao nhét
Ymax = 15,867 mg/ml

Chon céc s6 liéu: Tir quy hoach thyc nghiém ¢ bang 5 va thi nghiém bd sung dé v& db thi ta c6

béng 6.

90

Bang 6. X&c dinh gia tri ti wu cho ham lweng glucose nhan duoc

TT 7 7, y
1 0,6 10 4,765
2 1,3 10 8,863
3 1,65 8,5 11,279
4 2.0 10 13,849
5 2,3 14 15,388
6 2,5 15 15,867

(7%) 2,6 15 15.821




Nghién ciru t6i wu héa qua trinh thdy phan cellulose tach tte rom ra thanh dwong tan caa nam...

Ta chon gié tri t6i wu 1a:
Ymax = 15,876
& thi nghiém s 6 trong bang 6.

> 16 4  s====sceccosoosoosoocis il

[ ~-

———————

fm e — -

e |
!

S A~

S
—_
[\S]
(98

Hinh 4. D6 thj x&c dinh gid tri t6i wu cla glucose thu dwoc tir qué trinh thay phan cellulose

4. KET LUAN

ba xdc dinh duoc kha nang thuy phan cellulose cua ching A.rerrius AF67 ¢ khoang thoi
gian 96h cho ham lugng enzyme cellulase cao nhat

. ba t6i uu hoa ham lugng cellulose va ndng do enzyme tham gia phan tmg. Hai yéu t6 nay
déu anh huong dén hiéu suat qua trinh thily phan cellulose, trong d6 anh hudng cua ham lugng
cellulose manh hon.
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SUMMARY
OPTIMIZATION OF THE CELLULOSE (FROM RICE STUBBLE/STRAW) HYDROLYSIS

INTO GLUCOSE USING FUNGI ASPERGILLUS TERRIUS IN ETHANOL-BIOFUEL
PRODUCTION
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The cellulose hydrolysis into glucose using Aspergillus terrius AF67 in ethanol-biofuel
production was studied.

By using the design of experiments with main factors (the concentrations of cellulose and
enzyme) a regression equation was found. Based on this equation, the influent evaluation of two
above factors on hydrolysis yield was implemented and with some supplementary experiments,
the maximal yield was found: yp. = 15.876 mg/ml.

Keywords. Aspergillus terrius AF67
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