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ABSTRACT

The rice starch was hydrolysed by two-step enzymatic treatment using o-
amylase and gluco-amylase. The effects of temperature, enzyme dose and
time on hydrolysis efficiency (viscosity and DE index) were investigated.
The Central composite design (CCD) and response surface methodology
were used for the experimental design and results analysis. The results
showed that all three factors (including temperature, enzyme dose and
time) had significantly effect on viscosity and DE index in liquefaction and
sacharification. In both hydrolysis steps, the models were established with
32 experiments for each step. The response surface model predicted the
minimum viscosity to be 30.899 cP at a temperature of 74,71°C, a-amylase
dose 0.13% and hydrolysis time of 40.54 minutes. The maximum DE index
(77.382%) could be obtained at optimal conditions (at temperature of
60.39°C in 210 minutes and gluco-amylase dose of 0.077%). Verification
results showed the value of theoretical viscosity and DE index
corresponding to practical value.

TOM TAT

Giai doan thuy phdn tinh bot gao trong quy trinh san xudt sita gao duoc
thyc hién theo hai bucc voi 2 logi enzyme amylase (a- amylase va gluco-
amylase). Anh huwong cia nhiét dg, 1y 1é enzyme (a-amylase, gluco-
amylase) va thoi gian thiy phdn dén hiéu qua thiy phdn tinh bot dwoc
khdo sat (théng qua d¢ nhét va chi sé DE - Dextrose Equivalence). O cd
hai budc thity phan, mé hinh bé mdt dép vmg cé y nghia va thoa cdc diéu
kién duwoc xdy dung dwa trén 32 don vi thi nghiém ¢ moi bude thuy phan.
M6 hinh dw dodn do nhot thdp nhat cé thé dat dwoc (30,899 cP) tai diéu
kién thiyy phén t6i wu ¢ nhiét dg 74,71°C, ty 1é enzyme o-amylase sir dung
0,13% va thoi gian thity phan 40,54 phiit. Chi s6 DE cao 77,38% c6 thé
thu dwoc khi qua trinh duong héa dwroc thuc hién o nhiét do 60,39°C trong
210 phut voi ty I¢ enzyme gluco-amylase 0,077%. Két qua kiém dinh gia
thuyét cho thay gid tri do nhét va chi so6 DE Iy thuyét va gid tri thuc té
twong dong véi nhau.
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1 GIOI THIEU

Lua gao 1a mot nganh hang chi dao c6 tim
quan trong chién lugc hang dau trong muc tiéu
phat trién néng nghiép ciia nudc ta. Dinh hudng
dén nam 2020, Viét Nam s& nang ty 1¢ binh quan
ché bién cong nghiép lwong thyc, thyc pham chi
yeu 1én trén 70%, trong do lua gao trén 65%. San
Xuét sita gao cling nham muc tiéu da dang hoa cac
san phim tir gao, tang gia tri su dung ngudn
nguyén liéu dbi dao & Pong bang séng Ciru Long,
g6p phin ning cao gia tri kinh té va thuong hiéu
la gao cta Viét Nam trong nudc va qudc té. Phat
trién cac san pham méi tir gao ciing 1a mot trong
nhitng giai phap nang cao thu nhip cho nguoi
trong lta.

Trong qua trinh san Xuét sira gao, cong doan
thiy phan tinh bot dong vai tro dac biét quan trong.
Hién nay, trong linh vyc thuc phém cac phuong
phap thily phéan tinh bot bang bién phap sinh hoc—
enzyme da dugc sir dung dé thay thé phuong phap
xtr Iy bang hoa chat véi muc dich dam bao sirc
khoée cho ngudi ti€u dung. Hi€u qua thuy phén tinh
bot ciia enzyme phu thude vao nhiéu diéu kién, dac
biét 1a nhiét do, néng do6 sur dung va thoi gian thuy
phan (Kunamneni va Singh, 2005). Bén canh do,
sir dung mo hinh bé mit dap img va mé hinh phirc
hop trung tdm trong thiét ké thi nghiém dem lai
hiéu qué cao va tiét kiém duogc chi phi va thoi gian
S0 VGi cac cach bd tri nhan t6 day du theo truyén
thong (Full factorial design-FFD) (Betiku er al,
2013). Uu diém 16n nhat ciia cach bd tri nay la
giam duoc s6 don vi thi nghiém can thiét nhung
van mang lai két qua c6 y nghia va kha ning chép
nhan vé mat théng ké.

Phan B: Néng nghiép, Thity san va Cong nghé Sinh hoc: 37 (2015)(2): 30-38

Trong nghién ciru nay, tinh bot gao duoc thuy
phan theo hai budc (i) dich hoa bang enzyme a-
amylase nhdm giam nhanh d6 nhét cua dung dich
nhd qué trinh thay phan ngiu nhién cac lién két 1,4
glycosis va (i) duong hoa st dung enzyme gluco-
amylase dé thu dwoc dung dich dwdong don. Mb
hinh bé mit dap tng va mé hinh phuc hop trung
tam duoc st dung dé xac dinh cac diéu kién tdi uu
cho cé hai qua trinh dich héa va dudng hoa.

2 PHUONG PHAP NGHIEN CUU
2.1 Chuén bi nguyén liéu tinh bt gao

Gao (gidng Mot Bui Do) nguyén hat co do 4m
va ham luong tinh bot twong tng khoang 15-16%
va 79-81%. Ge,}o dq’o’c rira 2 lan bang nudc sach
truge khi nghién dén kich thude hat < 0,45 mm.
Hon hgp dugc ho hda hoan toan ¢ 90°C.

2.2 BH tri thi nghiém

2.2.1 Thuy phan tinh bot gao bcing enzyme
theo 2 budc

Dich ho tinh bot duge thuy phan thong qua
2 bude dich hoa va duong hdéa. Qua trinh dich
héa duoc thuc hién bang enzyme a-amylase
(Novozyme, 132,5 Unit/gram). Cac nhan to dugc
khao sét trong qua trinh dich héa bao gom nhiét do
(X4), ty 1€ enzyme st dung (X») va thoi gian thay
phan (X3). Mirc d6 ciia cac nhan t twong tng dwoc
thé hién & Bang 1. BS tri thi nghiém dich hoa tinh
bot gao dugc thuc hién theo mé hinh phtc hop
trung tdm vai 3 nhan td, 5 mirc do. Cac don vi thi
nghiém & cac nghiém thirc thira va truc duoc lap lai
2 lan va 4 nghiém thtc trung tdm. Nhu vy, thi
nghiém dugc thyc hién vai 32 don vi thi nghiém
trong d6 co 16 diém thira, 12 diém truc (voi o =
+1,5) va 4 diém trung tim (Bang 3).

Bang 1: Cac nhén t va mirc d9 khao sat trong thi nghiém dich héa theo mé hinh phirc hop trung tim

Ky hiéu  Nhén tb Pon vi s 5 Mire d‘-:, n s
X Nhiét do °C 65 70 80 90 95
X, Ty 1¢ enzyme % 0.025 0.05 0.1 015  0.175
Xs Thoi gian phut 15 20 30 40 45

Bang 2: CAc nhan té va mirc d khio sat trong thi nghiém dwong héa theo mé hinh phirc hop trung tim

Ma ciia cadc mire do

Ky hiéu  Tén bién Pon vi 15 5 0 1 Iz
X4 Nhiét do °C 45 50 60 70 75
Xs Ty 1& enzyme % 0.015 0.03 0.06 0.09 0.105
Xe Thoi gian phut 30 60 120 180 210

So sanh v6i cach tiép cén truyén thong (b6 tri 3
nhan to day du va 2 lan 1ap lai) can st dung 54 don
vi thi nghiém (cho 3 mirc d§ & moi nhan t0) hodc
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250 don vi thi nghiém (cho 5 mtc d6 6 moi nhan
t6) thi phuong phap bd tri thi nghiém m6 hinh phirc
hop trung tdm thé hién wu diém rat cao, gitp tiét
kiém thoi gian va chi phi. Dong thoi, véi phuong
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phap bd tri m& rong tir 3 muc do 1én 5 mirc d6 cho
phép danh gia mo hinh c6 d6 chinh xéc cao hon.

Tuong ty, qua trinh duwong hdéa dugc thuc
hién bing enzyme gluco-amylase (Novozyme,
Amyloglucosidase 296,5 Unit/gram) dya trén bd tri
thi nghiém theo mo6 hinh phurc hgp trung tam voi
32 don vi thi nghiém (Bang 3). Pong thoi, cac
nhan t6 duoc khao sat trong qua trinh dudng hoa
bao gdm nhiét d6 (Xa4), ty 1& enzyme gluco-amylase
sir dung (Xs) va thoi gian thuy phéan (Xe). Muc do
clia cac nhan tb twong Gmg dugc thé hién ¢ Bang 2.

Bang 3: Bo tri thi nghiém theo mé hinh phirc

hgp trung tim
STT X1 X2 X3 Nghiém thirc

1 -1 -1 -1 Thira

2 -1 -1 -1 Thira

3 1 -1 -1 Thira

4 1 -1 -1 Thura

5 -1 1 -1 Thura

6 -1 1 -1 Thura

7 1 1 -1 Thura

8 1 1 -1 Thura

9 -1 -1 1 Thua
10 -1 -1 1 Thira

11 1 -1 1 Thira
12 1 -1 1 Thira
13 -1 1 1 Thira
14 -1 1 1 Thira
15 1 1 1 Thira
16 1 1 1 Thura
17 -1,5 0 0 Truc

18 -1,5 0 0 Truc

19 1,5 0 0 Truc
20 1,5 0 0 Truc
21 0 -1,5 0 Truc
22 0 -1,5 0 Truc
23 0 1,5 0 Truc
24 0 1,5 0 Truc
25 0 0 -1,5 Truc
26 0 0 -1,5 Truc
27 0 0 1,5 Truc
28 0 0 1,5 Truc
29 0 0 0 Trung tdm
30 0 0 0 Trung tam
31 0 0 0 Trung tam
32 0 0 0 Trung tam

2.2.2  Phuwong phdp xdc dinh chi sé DE

Chi s6 DE dugc tinh toan theo cong thirc: DE
(%) = (Ham luong duong khir tinh theo
glucose/ham luwong chit khoé cia maiu) x 100.
Trong d6, ham lugng duong khir dugc xac dinh
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bang phwong phap DNS (3,5 dinitrosalicylic acid)
(Miller, 1959), cho 1 ml miu vao 3 ml dung dich
DNS, sau d6 gia nhiét & 95°C trong 15 phut va lam
ngudi nhanh xudng nhiét do phong. D6 hip thu cia
mau thi nghiém duoc do & bude séng 540 nm. Tinh
toan lugng duong khir dua trén duong chuan cua
glucose (v = 1,4293 x — 0,2744, v6i y 1a ham lugng
duong khir va x 1a do héap thu).
2.2.3 Phwong phap xdc dinh do nhot

Do nhét cua dich hd tinh bot sau qua trinh dich
héa dugc do & 25+1°C bang may do d0 nhdt
(Viscometer, Brookfield DV-E, M¥).

2.3 Xirly sb ligu

Sé lie::u thu thap tr qua trinh thi nghiém duoc
xtr ly thong ké va xay dung mo hinh bé mat dap
ung st dung chuong trinh Design-Expert version
8.0.7.180 (StatEase Inc., Minneapolis, USA). Mo
hinh tong quat cé dang:

Y=b +be +Zb“X +Zb XX +e (1)

i=1

Trong do, b, 1a hé $6 chan,b; (i=1,2, .., k) 1a
hé sb phuong trinh bac 1, bjj 1a hé sb twong tac, by
1a hé s6 phuong trinh béc 2 ciia bién X;, Y 1a gia tri
Iy thuyét theo mo hinh (trong trudng hop nay 1a do
nhét va chi s6 DE) va e 1a sai sb ngau nhién.

Phan tich phuong sai ANOVA duoc dung dé
danh gia mire d6 phu hop cua mo hinh. Tir md hinh
thu dugc, toi uu héa cac thong s0 dugc thyc hién
v6i d6 dao dong cua cac bién trong khoang murc do
[-1,5;+1,5] dd bd tri thi nghiém ¢ Bang 1 va 3
(duoc dé cap o trén). Chon lua cac phuong an co
mirc d6 mong mudn cao nhat (46 nhét thdp nhat
trong qua trinh dich hoa va chi s6 DE 16n nhat
trong qua trinh duong hoa tiép theo).

3 KET QUA VA THAO LUAN
3.1 Téi wu hoa qua trinh dich héa tinh bot gao

Qua trinh dich hoéa tinh bot dugce thue hién dua
trén kha nang thay phan ngiu nhién cac lién két
1,4-glycosis trong phan tir tinh bt ciia enzyme o-
amylase, 1am giam nhanh d¢ nhot dung dich. Két
qué phan tich thong ké 6 Bang 4 cho théy mo hinh
trong quan thu dugc gdm cac hé sb tuyen tinh, hé
sO tuong tac va hé s6 bac hai, cac hé s6 nay déu thé
hién muc y nghia p<0,05. Voi gid tri F 397,47 va
gia tri p < 0,0001 ching t6 mé hinh thu dugc cé y
nghia théng ké cao.

Mo hinh tuong quan theo ma (coded) cua cac
bién doc 1ap (nhan to):
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Y = 58,44 — 15,76X; — 30,66X> — 43,82X; +
19,69 XiX, + 18,44 X1 X5+ 18,56 X>X3+13,91 X;2

+19,13X,2+ 20,47X32

()

Phuong trinh twong quan theo mirc dd thyc cia

céc bién doc 1ap (nhan td):
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V =2397,30 - 33,3 T — 6407,7 E — 35,13 t +
39,38 TE + 0,18 Tt + 37,13 Et + 0,14 T? + 7653,8
E2+0,21 ¢ )

Trong do: V 1a do nhdét (cP), T 1a nhiét d6 (°C),
E 1a ty 1¢ enzyme (%) va t 1a thoi gian (phut)

Bang 4: Phén tich thong ké ANOVA cho gia tri d) nhét

A Tong binh P§¢  Trung binh - Giatrip
Nguon phuong twdo binh phuong Gid tri F Prob >F
Model 104572,9 9 11619,21 397,471 <0,0001 Y nghia
Xi 6209,44 1 6209,44 212,413 <0,0001
X2 23500,89 1 23500,89 803,921 <0,0001
X3 48004,81 1 48004,81 1642,154 <0,0001
XX 6201,563 1 6201,563 212,144 <0,0001
X1 X3 5439,063 1 5439,063 186,06 <0,0001
X>X3 5513,063 1 5513,063 188,592 <0,0001
X2 2869,899 1 2869,899 98,174 <0,0001
X,? 5428,809 1 5428,809 185,709 <0,0001
X;? 6211,752 1 6211,752 212,492 <0,0001
Residual 643,1223 22 29,232
Lack of Fit 204,8723 5 40,974 1,589 0,216 Khoéng c6 y nghia
Pure Error 438,25 17 25,779
R-Squared 0,9939
Adj R-Squared 0,9914
Pred R-Squared 0,987048
Adeq Precision 74,51217

Mtrc 6 phu hgp ctia mo hinh ciing dugc danh
gia thong qua gia tri F cua Lack of fit. M6 hinh
twong quan t6t can su phu hop giita s6 liéu thuc té
va 1y thuyét, vi vdy mo hinh thu dwoc vé6i kiém
dinh Lack of fit (su khong phu hop) khong c6 y
nghia théng ké 1a diéu mong muon (Zabeti et al.,
2009). Tir bang phan tich sb liéu cho thiy Lack of
fit khong thé hién y nghia thong ké, nén kha ning
phil hop ciia md hinh 12 rat cao. Phan trdm con lai
(21,63%) c6 kha niang do nhiéu s lidu tao thanh.
Theo Guan and Yao (2008) thi mé hinh twong quan
t6t can c6 hé s6 xic dinh twong quan R? (R-
Squared) 16n hon 0,8 va theo Zabeti et al. (2009)
thong sb Adeq Precision 16n hon 4 13 can thiét. Mo
hinh twong quan thu dugc tur thi nghi€ém da thoa
cac diéu kién trén véi thong s6 R-squared cao (R? =
0,99) va Adeq Precision 1a 74,51 rat 16n hon so v&i
4, cho thdy md hinh du d6 chinh xac dé st dung du
doan dd nhot cia dich tinh bt gao trong qua trinh
dich hoa.
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Két qua thi nghiém ciing cho thdy ca ba nhan t6
nhiét 49, ty 1€ enzyme a-amylase va thoi gian thuy
phan déu c6 anh huong dén kha ning thuy phan
cua tinh bot gao va su thay ddi do nhét cua dung
dich. D4 thi bé mat dap ung 3D thé hién mdi lién
hé tc dong twong hd ctia nhiét do, ty 1¢ enzyme va
thoi gian thuy phan dén d6 nhét cua dung dich
dugc thé hién ¢ Hinh 1. Hinh biéu dién cho thdy do
nhét giam manh khi st dyng ty 1€ enzyme cao va
tang nhiét d¢ thity phan tir 70 dén 80°C. Tuy nhién,
d6 nhét khong anh huong nhiéu khi tang nhiét do
ttr 80 dén 90°C. Bén canh do, gia tri d0 nhot giam
dan theo thoi gian thily phén, cho thay thoi gian co
anh huong 16n dén do nhét. Tir mé hinh (1) va (2)
ciing cho thay ndng do enzyme va thoi gian thiy
phan 13 hai nhan t6 quan trong hon khi tién hanh
dich hoa tinh bt gao trong diéu kién nhiét do thay
phan tir 70 - 90°C.
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Hinh 1: Db thi bé mit dap ing cia do nhét
(a) Duoi tac dong cua nhiét do twong tdac voi ty 1é enzyme (tai thoi gian thuy phdn 30 phut)
(b) Dudi tac dong cua nhiét dé tuwong tac voi thoi gian thiy phdn (st dung ty 1¢é enzyme 0,1%,)
(¢) Dudi tac dong cua ty Ié enzyme twong tac voi thoi gian thuy phdn (o nhiét dé 70°C)

Tir md hinh thu dugc, phan tich t6i wu hoa dugc 3 phuong an véi mirc d6 mong mudn cao
nham xac dinh dicu kién thiy phan d€ dich gao c6 (0,996) (Bang 5). Cac phuong an cho do mong
dd nhét thap nhat (gidi han dudi va trén cia do muon twong dwong nhau véi gia tri d6 nhot tbi
nhét 1a [30; 263] cP) voi cac bién dao dong trong thiéu c6 thé dat duoc 1a 30,899 cP.
khoang murc d¢ [-1,5;+1,5]. Két qua toi uvu hoa cho

Bang 5: Cac phuong 4n téi wu cho qua trinh dich héa tinh bt gao
STT  Nhiét d9 (°C) Ty I¢ enzyme (%) Thoi gian (phiit) P9 nhét (cP)  Mirc dd mong muon

1 74,71 0,13 40,54 30,899 0,996
2 74,71 0,13 40,53 30,899 0,996
3 74,61 0,13 40,55 30,900 0,996
Biéu dd thé hién muc d6 mong muén theo d6 mong mudn c6 thé dat duge cao & nhiét do tir

phuong 4n 1 theo cic cip tuong tac Nhiét do — Ty 70 dén dudi 80°C, ‘qéng do enzyme trong khoang
1¢ enzyme va Ty 1¢ enzyme - Thoi gian thuy phén 0’13_(’)315% va thoi gian thuy phan tir 35 dén
duoc trinh bay ¢ Hinh 2. Tir dd thi c6 thé thdy me 40 phut.
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Mire d¢ mong muon

Predict 0.996

0.08—~

Xo: Ty 1€ enzyme (%)

X,: Nhiét dé (°C)

a

Xs: Thoi gian (phut)
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Mire do mong muon

Predict 0.99¢

0.08 0.10 0.13

X,: Ty 1é enzyme (%)

b

Hinh 2: Mirc d§ mong muén theo cac cip twong tac (a) Nhiét do — Ty 1€ enzyme va (b) Ty 1€ enzyme -
Thaoi gian thiy phan, phwong an 1 dwoc thé hién trén mit phang

3.2 Téi wu héa qua trinh duwong héa

Tir cac sb liéu da thu thap, mo hinh trong quan
giita chi s6 DE v6i nhiét do, ty 1é enzyme gluco-
amylase va thoi gian thiy phan dugc xay dung va
thé hién ¢ phwong trinh (4) va (5). Két qua phan
tich théng k& ANOVA (Bang 6) cho thiy m6 hinh
tuong quan ¢ y nghia thong ké (p <0,0001). Cac
h¢ s0 trong md hinh bao gébm cac hé sO tuyén tinh,
hé sb tuwong tac va hé sb bac hai, trong d6 cac hé )
khong c6 ¥ nghia c6 thé dugc luge bo nhim rit
gon phuong trinh.

Mo hinh twong quan theo ma (coded) cia cac
bién dgc 1ap (nhan td):

Y (%) = 64,29 + 0,69X,4 + 2,73Xs + 8,19X4 —
8,70 X4% — 2,37X¢2 4)

Phuong trinh twong quan theo muc do thuc cia
cac bién dgc 1ap (nhan to):

DE (%) = - 293,45 + 10,66 T + 560,6 E + 0,14 t
-0,0874 T? - 2632,724 E? (5)

Trong d6: T 1a nhiét d6 (°C), E 1a ty 1€ enzyme
(%) vat la thoi gian thily phan (phut)

Trong mé hinh nay, cac hé s tuong tac khong co
¥ nghia dd duoc luge bo. Hé sd tuyén tinh nhiét
do tuy khong cé y nghia (p = 0,0603) nhung van
dugc giit trong md hinh nhim dam bao tinh hé
thong ctia mo hinh. Gié tri R-Squared (0,975), Adj.
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R-Squared (0,97) va Pred. R-Squared (0,962) cho
thiy mé hinh ¢6 d¢ chinh xac tuwong ddi cao. Bén
canh d6, kiém tra 6 phu hop ctia mé hinh théng
qua kiém tra Lack of fit khong c6 y nghia thong ké
(» = 0,0583). Vi vay, kha nang phu hop cia md
hinh 1 rat cao. Két qua thi nghiém cho thiy ca ba
nhan t6 nhiét do, ty 1& enzyme gluco-amylase va
thoi gian thiy phan déu c6 anh huong dén kha
nang thuy phan cuia tinh bt gao. Do thi bé miat dap
mg thé hién mbi lién hé tac dong twong hd cua ty
1¢ enzyme va thoi gian thuy phan dén chi sé6 DE
cua dich gao dugc thé hién & Hinh 3.

Tir bang két qua phan tich thong ké va Hinh 3
cho thdy hiéu suat thiy phan (d4nh gia thong qua
gia tri DE) phu thudc rat 1on vao nhiét d¢ thuy
phan va anh hudéng cua nhiét do dén hiéu suét thiy
phan theo mo hinh béc 2 thé hién r6 hon béac 1. Chi
s6 DE ting theo thoi gian thuy phan (tir 30-210
phiit) va thé hién tang theo kiéu tuyén tinh rd rang
hon theo mé hinh béc 2. Ty 1€ enzyme st dung anh
huéng c6 ¥ nghia dén chi s6 DE, thong qua hé s6
di kém trong moé hinh cho thdy anh hudng theo
khuynh huéng moé hinh bac 2 1én hon khuynh
huéng tuyén tinh, nhu vdy khi ting nong do
enzyme thi chi sb DE ting, tuy nhién khi bo sung
enzyme cao hon muc d6 thich hop thi hiéu suat
thuy phan khong cao hon do hé¢ dat duoc sy can
bang giita ndng d6 co chét va san pham.
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Bang 6: Phan tich théng ké ANOVA cho chi s6 DE

Phan B: Néng nghiép, Thity san va Cong nghé Sinh hoc: 37 (2015)(2): 30-38

; Tong binh D tw Trung binh - Giatrip
Nguon phuong do  binh phuong Gid tri F Prob > F
Model 3089,068 5 617,814 199,559 <0,0001 Coynghia
X1 11,945 1 11,945 3,859 0,0603
X 186,179 1 186,179 60,137 <0,0001
X3 1678,348 1 1678,348 542,121 <0,0001
X;? 1207,851 1 1207,851 390,146 <0,0001
X2 89,677 1 89,677 28,966 < 0,0001
Residual 80,493 26 3,096
Lack of Fit 44,952 9 4,995 2,389 0,0583 Khong co y nghia
Pure Error 35,541 17 2,091
R-Squared 0,975
Adj R-Squared 0,970
Pred R-Squared 0,962
Adeq Precision 45,898

Chi s6 DE (%)

90

Xs: Ty 1é
enzyme (%)

03 60

a

Chi s6 DE (%)

Xs: Ty 1€ enzyme (%)

Chi s DE (%)

X¢: Thoi gian 90
(phut)

Xs: Thoi
gian (phut)

70.03 50
c

35
60 50

X,: Nhiét d6 (°C)

Hinh 3: D6 thi bé mit dap rng cia chi s6 DE

X,: Nhiét
a6 (°C)

(a) Duoi tac dong cua ty Ié enzyme va thoi gian thiy phan (o nhiét do 60°C)
(b) Dudi tac dong ciia nhiét do va thoi gian thiy phdn (sir dung 1y I¢ enzyme 0,06%)
(c) Dudi tac dong cua nhiét do va ty Ié enzyme (tai thoi diém thuy phan 120 phut)
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Dua trén md hinh xay dung duoc, phan tich tdi
wu hoa qua trinh dudong hoa véi cac bién dao dong
trong khoang [+1,5;-1,5] nham dat dugc chi s6 DE
(%) t6i da trong 2 khoang gi6i han dudi va trén
[40; 80]. Két qua phan tich thu dugc 15 phuong an
cho gié tri DE cao (77,38%) & diéu kién thay phan
theo phuong an tir 1 dén 6 (Bang 7). Céc gia tri ctia
cac thong so trong phuwong 4n tir 1 dén 6 twong
duong nhau, c6 thé ap dung phuong an 1 cho quéa
trinh san xuét thuc t&. DO thi Hinh 4 thé hién bé
mit dap tng cho mirc d6 mong mudn theo Nhiét
d6 (°C) — Ty 1& enzyme gluco-amylase (%) va thé
hién vi tri ctia phuong an 1.

O thi nghiém duong hoa, chi sb DE phu thudc
vao thoi gian thiy phan va trong cac mirc d¢ khao

Phan B: Néng nghiép, Thity san va Cong nghé Sinh hoc: 37 (2015)(2): 30-38

sat tir 30 dén 210 phut, chi s6 DE ¢6 khuynh huéng
tang tuyén tinh nhiéu hon khuynh huéng dudng
cong cua phuong trinh bac 2. Két qua phan tich tdi
vu hoéa ciing cho thdy thoi gian thuy phan 210 phut
cho hiéu qua t6i wu. C6 thé thiy chi sé DE c6 kha
nang tang thém khi nang thoi gian thiy phén. Tuy
nhién, kéo dai thoi gian thiy phan sé mang dén
nhitng bét loi khac nhu tiéu hao nhiéu ning luong.
Quan trong hon nita 1a anh huéng dén chét luong
stra gao do dich slra dugc gilt nhiét trong khoang
50-70°C va méi truong c6 nhiéu dudong don 1a didu
kién rat tdt cho vi sinh vat hoat dong. Do vay,
thoi gian thay phan 210 phit dwoc cho 1a t6i da co
thé chdp nhan duoc cho qua trinh duong hoa dich
stra gao.

Bang 7: Céac phwong an ti wu héa cho qua trinh dudng héa

STT  Nhiét do (°C) Ty 1€ enzyme (%) Thoi gian (phut)  DE (%)  Mirc d) mong mudn
1 60,39 0,077 210 77,382 0,934
2 60,41 0,078 210 77,381 0,934
3 60,46 0,077 210 77,381 0,934
4 60,33 0,077 210 77,381 0,934
5 60,45 0,077 210 77,38 0,934
6 60,34 0,078 210 77,38 0,934
7 60,43 0,080 210 77,365 0,934
8 60,53 0,080 210 77,362 0,934
9 60,24 0,078 209 77,327 0,933
10 61,35 0,083 210 77,219 0,930
11 60,70 0,070 210 77,217 0,930
12 59,39 0,084 210 77,175 0,929
13 58,76 0,084 210 77,046 0,926
14 58,71 0,071 210 77,035 0,926
15 59,85 0,065 210 76,988 0,924

Mire d§ mong mudn

0'060.050 o
77003750

Xs: Ty 1é enzyme (%)
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55 X4 Nhiét
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Hinh 4: B& mit dap wng (a) va contour (b) cua gia tri mirc d) mong mudn theo nhiét do va ty 1é
enzyme thé hién phuwong an 1
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3.3 Kiém dinh cac diéu kién toi wu

Pé kiém dinh céc gia tri tdi wu thu duge tir 2
md hinh dd xay dung, cac thi nghiém duoc thuc
hién theo cac phuong an tot nhat da dé ra. Két qua
kiém dinh duoc thé hién & Bang 8 cho thdy két qua
thu duoc tir thuc nghiém tuong dwong véi két qua
ly thuyét tinh toan tr mo hinh. DO nhot thuc
nghiém sau qua trinh dich hoéa (32,52 cP) cao hon
gia tri 1y thuyét nhung khong déng ké. Di véi thi
nghiém dudng hoa, két qua thu dwoc kha kha quan
v6i chi s6 DE cao (79,53%) 16n hon so véi chi sb
DE ly thuyét.

Biing 8: D) nhét va chi sé DE ly thuyét va thwe
nghiém & di€u kién toi uu

Chi tiéu bon  Giatrithye Gid trily
theo doi vi nghiém thuyet
Do nhot —

Dich hoa cP 32,52 +2.725 30,899
ChisODE=" " 5953.085 77382
Puong hoa

Két qua kiém dinh mot 1dn nita khing dinh tinh
chinh xéac cao ctia cdc md hinh da dugc xdy dung.
Céac md hinh c6 thé sir dung dé du doan do nhét va
chi s6 DE trong cac diéu kién thuy phan khac nhau.

4 KET LUAN

Mo hinh bé mit dap tng cho d6 nhét trong qua
trinh dich héa va chi sé DE trong qua trinh dudng
héa duogc xay dung dua trén bd tri thi nghiém theo
phuong phap mo hinh phtc hop trung tdm co do
chinh xac cao. Ap dung cac mé hinh vao phan tich
t6i wru hoa diéu kién thily phan tinh bot trong qué
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trinh ché bién sita gao thu dugc céac Kkét qua vuot
troi va twong dwong vai gia tri 1y thuyét. Qua trinh
dich héa co thé duge thuc hién & 74,71°C, ty 1&
enzyme o-amylase 0,13% trong thoi gian thuy
phén 40,54 phut cho gia tri d6 nhét 32,52 cP. Chi
s6 DE cao 79,53% c6 thé thu duoc khi thuc hién
qué trinh dudng hoéa & diéu kién ti wu (nhiét do:
60,39°C; ty 1¢ enzyme gluco-amylase: 0,077%
trong thoi gian thuy phan 210 phut.
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