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ABSTRACT

A process was explored for continuous enzymatic liquefaction of corn
starch and subsequently saccharification to glucose. The process appeared
to be quite efficient for conversion of starch to glucose and should be
adaptable to corn milk processes. The effect on substrate saccharification
of variables such as level of glucoamylase (0.05-0.15%), hydrolysis
temperatures (60+70°C) and time (30 to 240 min) was studied. The degree
of saccharification was assessed by determining the rate and extent of
soluble solid content and glucose formed after glucoamylase treatment.
Analyzed results using response surface models showed optimal conditions
for hydrolyzation of corn starch by glucoamylase (enzyme concentration of
0.12% at temperature of 66.76°C during 237 to 240 minute) gave product
with the highest reducing sugar content (13.61 £ 0.143%,).

TOM TAT

Tién trlnh dwong hoa dich tinh bot bcfng enzyme gluco amylase dwoc thuc
hién noi tlep qud trinh xir Iy dich ho héa tinh bt bip nép bang enzyme o-
amylase. Tién trinh nay to ra co hiéu qua trong xu ly chuyen hoa tinh bot
thanh dwong glucose, thich hop cho cong nghé san xudt sita bap. Anh
hwong cia cdc nhan t6 trong qud trinh dwong héa dwge thie hién, bao
gom 1ty 1é enzyme glucoamylase (0,05+0,15%), nhiét do (60+70°C) va thoi
gian thity phin dwgc thuc hién trong khodng 30 dén 240 phut. Mirc d6
dwong héa dwgc kiém sodt bang toc do tao thanh cdac chat khé hoa tan va
ham lwong dwong khir (glucose) sau cdc diéu kién xir . bang enzyme
glucoamylase. Ket quda phan tich bang sir dung mé hinh bé mat ddp img
cho thdy diéu kién toi wu dé thity phan tinh bot bdp bang glucoamylase voi
nong do enzyme 0,12% o nhiét do 66,76°C trong 237 dén 240 phut cho
ham lwong dwong khw dat duoc cao nht (13,61 +0,143%).

1 GIOI THIEU

O Viét Nam, bap nép (Zea mays L.) 1a mot

magié, phét pho, omega-6 va chit béo khong bio
hoa c6 thé gitip giam cholesterol, ngan ngira bénh
tiéu duong, bénh tim, huyét ap... (Ejigui er al.,

trong nhing san pham nong nghiép tiéu biéu. Bép
cling la mot trong nhitng nguon carbohydrate vdi
ham lugng calo thap va c6 rat nhiéu lgi ich cho sirc
khoe. Bip rat giau chit xo va cac chét dinh dudng
khac nhu vitamin B, va C, carotene, kali, sit,
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2007).

_ Tinh bt 1a thanh phan carbohydrate du trir chu
yéu trong thuc vat va ciing hién dién nhicu trong
bap nép (68%) (Duong Minh, 2000). Néu trudc
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day thiy phén tinh bot bang acid duoc sir dung phd
bién thi hién nay da duoc thay thé phan 16n boi cac
tién trinh xr Iy bang enzyme v&i nhiéu loai enzyme
dugce s dung. Méc du, tinh bot tir cac loai thyc vat
khac nhau c6 thé duoc sir dung nhung bép van la
nguon phong phu nhat trén thé gidi va cung cap
hau hét cac chit nén sir dung cho qua trinh thiy
phén tinh bot. Ba giai doan trong qu4 trinh chuyén
d6i tinh bot, bao gdm hd héa lién quan dén su
chuyén cac hat tinh bot ¢ kich thudc nano dé tao
thanh mdt hé keo nhdt; qua trinh hoa long, lién
quan dén sy thuy phan mot phan cua tinh bot, voi
sw mat mat dong thoi do nhét; va duong hoéa, lién
quan dén viéc san xuét glucose va maltose bang
cach thily phan tiép tuc. Trong hai thanh phan cua
tinh bot, amylopectin hién dién cling 1a thach thirc
16n cho cic nhom enzyme thity phan. Hau hét cac
enzyme thiy phan lién két 1,4-glucoside nhung cac
lién két 1,6-glucoside ciing phai duoc cat dé thiy
phan hoan toan amylopectin thanh glucose
(Nguyén Dtc Luong va ctv., 2004). Dich duong
thity phén tir tinh bot bip theo tién trinh nay c6 thé
thay thé cho cac chét tao ngot khac trong cac san
phim banh keo do khong c6 mui dic trung. Sita
bép dwoc san xuit véi nguyén lidu 1a san pham cua
qua trinh thiy phan nay. Vi vay, muc tiéu nghién
ctu la t6i wu hoéa qua trinh thiy phan tinh bot bip
nép bang glucoamylase voi ham lwong dudng khur
dat dugc 1a cao nhét.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén liéu

Bép nép: mua & xa Tan Lugc, huyén Binh
Minh, tinh Vinh Long.

Enzyme Glucoamylase (Liquozyme Supra,
Novozyme Biology Co. Ltd, Amyloglucosidase
296,5 Unit/gram).

2.2 Phwong phap thwe hién

Bip nép tuwoi duoc tach hat, xay nhuyén véi
nude theo ty 18 twong tng 1:1,5. Thyc hién hd héa
hén hop & nhiét do 70+80°C trong 10 phut va tiép
tuc dich héa hdn hop bing a-amylase. Hon hop
duoc ha nhiét do dé tiép tuc qua trinh duong hoa
bing glucoamylase (dwoc bd tri theo cac thi
nghiém). Ham luong dudng khir ctia cic mau sau
khi xtr Iy dugc phan tich.

Thi nghiém dugc b6 tri hoan toan ngiu nhién
v6i 3 nhan t6: nhiét d6 thuy phan: 60, 65 va 70°C,
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ndng do enzyme glucoamylase: 0,05, 0,1 va 0,15%
va thoi gian thiy phan thay doi 30 dén 240 phut.
2.3 Phwong phap phan tich

_ Xac dinh ham luong chét kho hoa tan (°Brix)
bang chiét quang ké Alla (Phap).

Ham luong duong khir dugc xac dinh
theo phuong phap Miller (1959), trong d6 nhom
aldehyde hodc cetone trong duong khir phan
ung vo6i acid dinitrosalicylic tao 3-amino-5-
nitrosalicylic ¢c6 mau do. Thyc hién phuong phap
so mau bang may spectrophotometer & budc song A
=540 nm.

2.4 Phan tich thong ké

Phan tich thong ké dir liéu bang phan mém
STAGRAPHIC Centurion XVI. M6 hinh phu hop
duoc chon cho bd dir ligu duge thu thap. M6 hinh
(1) dwoc dé xuat (gia tri Y) trong truong hop nay:

Y=>0, +bX, + bnan2 + bynXnXon +

Trong d6: b, 1a hé s6; by, by VA by 12 cc hé b
béc 1, bac 2 cua phuong trinh héi quy; X, X, la
cac gia tri cta bién doc 1ap. Kiém dinh sy tuong
thich cta dit liéu theo moé hinh va dir liéu thuc
nghiém duoc thuc hién.

3 KET QUA VA THAO LUAN

Qué trinh dich hoa bang enzyme a-amylase lam
giam nhanh d6 nhét, tinh bot chuyén thanh trang
thai hoa tan tao diéu kién thuan logi cho enzyme
glucoamylase thuc hién qua trinh duong hoa. Qua
trinh duong hoa 1a qua trinh chuyén héa hoan toan
dextrin thanh duong khu.

3.1 Anh huéng ciia cic didu kién thiy phan
dén ham lugng chét khé hoa tan ciia dich dwong

Anh huong cua nhiét do va thoi gian thuy phan
(6 nong d6 enzyme 0,15%) dén ham lugng chat
khé hoa tan (%) dugc trinh bay ¢ Hinh 1. Trong
giai doan dudng hoa, enzyme glucoamylase tiép
tuc cat cac lién két a-1,6 glycoside trong phén tir
amylopectin tao thanh glucose. Do d6, ham lugng
chat kho hoa tan ting hon so véi giai doan dich
hoa. Khi ting nhiét do, néng do6 enzyme va thoi
gian thily phan thi ham lugng chat khé hoa tan ting
nhung khong dang ké. Két qua tuong tu dat dwoc
khi sir dung enzyme v&i cac ndng do khac nhau.
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——60°C —=—65°C —+—70°C

Hinh 1: Anh huéng cia nhiét d va thoi gian thiy phén dén ham lugng chét kho hoa tan ciia dich
thiy phin (nong do glucoamylase 0,15%)

Ghi chii: Cdc sai $6 thé hién trén hinh la dg léch chudn (STD) ciia gid tri trung binh

Anh huéng cta nong d¢ va thoi gian thily phan
(¢ nhiét d6 thiy phan 65°C) dén ham luong chat
kho hoa tan (%) duoc trinh bay ¢ Hinh 2. Két qua
khao sat cho thiy khi ndng d6 enzyme ting trong
thoi gian dau cua qua trinh thay phan (tir 30 dén
120 phiit) thi ham lwong chit kho hoa tan ting nhe.
Tuy nhién dén giai doan thuy phén tiép theo (tir
120 dén 240 phut), ham lwong chéat kho hoa tan

16,4
16,0

15,6

°Brix

152
14,8

14,4 -

trong dich duong khong tang nira. Dong thoi khong
tim thay sy khac biét c6 y nghia gitta nong do
enzyme 0,1 va 0,15% str dung.

Két qua tuong tu dat dugc khi thay phén bing

glucoamylase ¢ cac nhiét d6 thuy phén khac (60 va
70°C) (dit liéu khong dua ra day du ¢ day).

14,0
30 60 90

120 150 180 210 240

Thoi gian thiy phan (phut)

—— 0,05

- 0,1 —— 0,15

Hinh 2: Anh huéng ciia ndng dd enzyme va thoi gian thiy phan dén ham lweng chit khé hoa tan ciia
dich thiy phan (nhiét d¢ thiy phan 65°C)

Ghi chit: Cdc sai $6 thé hién trén hinh la dg léch chudn (STD) ciia gid tri trung binh

3.2 Anh hwéng ciia cac diéu kién thity phan
dén ham luwgng dwong khir ciia dich thiiy phian

~ Trong qua trinh thuy phén dich tinh bot bép
nep, ham lugng dudong khir 1a thanh phan quan

trong chung minh hi€u quad clia enzyme
glucoalylase sit dung. Glucoamylase pha v& lién
két a-1,4-glycoside va tao thanh cac phan tir
glucose (Kennedy va White, 1985).
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Két qua thong ké thé hién ¢ bang ANOVA dién
ta su bién d6i cia ham luong duong khir (HLDK)
phu thudc va c6 sy dong gop cua cac nhan t6 khac
nhau. Véi phan tich y nghia thong ké cua thi
nghiém 3 nhan t6, sy dong gop cia mdi yéu td
dugc do va thé hién ¢ bang Multiple Range Tests
(da loai bo anh huéng cua cac yéu t6 khac). Gia tri
P kiém tra y nghia thong ké clia timg nhan t6, khi
gi4 tri nay nhoé hon 0,05, ciing ddng nghia 1a nhiing
nhan t6 nay co6 su tac dong dang ké vao HLDK &
muc do tin cay 95%.

3.2.1 Anh hong ciia nhiét do

Téc d6 phan Gmg clia enzyme ting gidm theo
nhiét do, tuy nhién su ting giam nay chi thé hién
trong mot gidi han nhiét do nhat dinh. Mdi enzyme
ciing chi ¢6 thé hoat dong t6t & mot trang thai nhat
dinh, trang thai nay phu thudc vao nhiét do, pH va
san pham cta moi truong phan tmg (Nguyen binh
Thuong va Nguyén Thanh Hang, 2005). Két qua
thong k& ANOVA (Bang 1) cho thay khi ting nhiét
do tir 60 1én 65°C thi ham lugng duong khir tang c6
¥ nghia. Tuy nhién, néu tiép tuc ting nhiét do lén
70°C thi ham lugng duong khir giam. Su khac biét
d6 chinh 1a do hoat tinh enzyme dat t6i da & nhiét
d6 65°C va s& giam hoat tinh néu ting nhiét do.
Mat khac, trong thi nghiém nay, enzyme st dung
dé thuy phan co chit c6 ngudn goc tur nam mée
Aspergillus niger ¢6 nhiét d6 tdi wu 1a 60-65°C
(Hoang Kim Anh va ctv., 2003). Vi vay, két qua thi
nghiém da phan anh ding ly thuyét vé anh huong
ctia nhiét d6 dén qua trinh thily phan ciia enzyme.

Bang 1: Phian tich ANOVA (Multiple Range
Tests) ciia ham lwong dwong khir
(théng qua kiém dinh Fisher's LSD)
theo nhiét do thiy phan (ndng dd
glucoamylase 0,05+0,15% va thoi gian
thity phan 30240 phiit)

Nhiét @6 (°C)

Ham luwgng duwong khir (%)

60 *10,06"
65 12,00¢
70 11,49

Ghi chu: *Gia tri trung binh cua 72 $6 liéu do duwoc

Cac chit khac nhau di kém trung binh nghiém thitc trong
cung mot cot thé hién sy khac biét y nghia o mirc do 5%

3.2.2 Anh hieong ciia nong do enzyme

Khi nong d¢ co chat khong dbi va ting nong do
enzyme thi ban diu van téc phan Ung s& ting
nhanh do thura co chit. Sau mot thoi gian thi néng
do co chat va ndng do enzyme béo hoa, lic d6 néu
tang nong d6 enzyme thi van tdc phan ung van
khong ddi. Sau mot thoi gian hoat dong, co chét bj
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phan giai dan va giam ndng d6 nén toc do phan
g khong tang 1én nita ma c6 khuynh huéng giam
dan hodc ngimng han khi gap diéu kién bét lgi nhu
sy thay ddi ndng do san pham, chat kim hiam, pH,
nhiét d6... (Nguyén Trong Cén va ctv., 1998). Két
qué thé hién & Bang 2 cho thdy khi ting ndng do
enzyme tr 0,05 1€n 0,1% thi ham lugng dudong khir
tang dan. Tuy nhién, khi ting ndng do enzyme tur
0,1 1én 0,15% thi ham lugng duong khir khong thé
hién sy khac biét y nghia.

Bang 2: Phan tich ANOVA (Multiple Range
Tests) ciia ham lwong dwong khir
(théng qua kiém dinh Fisher's LSD)
theo nong dd glucoamylase sir dung
(nhiét do 60+65°C, thdoi gian thiy phan
30+240 phut)

Nong dd enzyme

Ham luwgng dwong khir

(%) (%)
0,05 *10,24°

0,1 11,64
0,15 11,68

Ghi chu: *Gia tri trung binh cia 72 56 lidu do dwoc
Cdc chit khac nhau di kém trung binh nghiém thirc trong
cung mot cot thé hién sy khdac biét y nghia o mirc do 5%
3.2.3 Anh hedng cia thoi gian thiy phin
Bang 3: Phian tich ANOVA (Multiple Range
Tests) ciia ham lwong dwong khir
(thong qua kiém dinh Fisher's LSD)
theo thoi gian thiy phan (v6i nong do

enzyme 0,05:0,15% va nhiét d¢
60+65°C)
Thaoi gian thiy Ham lwgng duwong
phan (phut) khir (%)
30 *8,57°
60 9,28"
90 10,06°
120 11,234
150 12,20¢
180 12,74¢
210 12,73F
240 12,69¢

Ghi chu: *Gia tri trung binh cua 27 56 lidu do dwoc

Cdc chit khac nhau di kém trung binh nghiém thirc trong
cung mot cot thé hién sy khac biét y nghia o mirc do 5%

Theo Crabb va Colin (1997), téc d6 phan tmg
s€ tang theo thoi gian phan g do enzyme c6 thoi
gian dé tiép xtic voi co chat. Thoi gian két thuc
phan mg dugc xac dinh khi tc do phan tmg xay ra
cham hoic ding lai, tirc 1a ndong d san pham ting
it hodc khong ting nita. Ngoai ra, nhiét do téi wu
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con phu thudc vao thoi gian tac dung. Thoi gian tac
dung lau s€ lam giam kha nidng chiu nhiét cua
enzyme, khi do hoat tinh cua enzyme s& giam khi
kéo dai thoi gian phan ing. Khi tang thoi gian thiy
phan tir 30 dén 180 phut, két qua cho thdy ham
luong duong khir ting 1én déng ké do enzyme dé
dang tiép xuc véi co chat (Bang 3). Néu tiép tuc
tang thoi gian thiy phan tir 180 dén 240 phit thi
ham lugng dudng khir tao thanh khong thé hién su
khac bi¢t y nghia (d6 tin cay 95%).
3.3 Téi wu héa qua trinh thity phan dich

tinh bt bip bi‘mg enzyme glucoamylase

Qua trinh duong hoéa cling chiu anh huong quan
trong tir ba nhan td nhiét do, néng do enzyme va
thoi gian thiy phan. Nhu da thao luan, ham lugng
duong khtr 1a chi sé quan trong dé danh gi4 ning
lyc thuy phan cua enzyme glucoamylase, do vay
t6i wu hoa qua trinh thiy phan voi cac thong sb
nhiét do, thoi gian thuy phan va néng d6 enzyme
nham chon duge cac diéu kién ky thuat phu hop
cho qua trinh thuy phan dich tinh bdt véi hiéu qua
cao nhit.

Trén co so toan by dir ligu thu thap (véi
nhiét do thiy phan 60270°C, néng do enzyme
glucoamylase 0,05+0,15% va thoi gian thiy phan
30240 phut), két qua cho thay c6 thé xay dung md
hinh hdi quy da chiéu dién ta mdi quan hé giita
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ham luong dudng khir va cac bién doc 1ap. Phuong
trinh ciia m6 hinh dugc thiét 1ap (phuong trinh 2).

HLDK (%) = 218,578 + 6,632 x + 146,46 y +
0,0262 z — 0,0493 x* — 271,889 y? — 0,000096 Z2 -
1,234 xy + 0,0003 xz (R? = 0,94) 2)

Trong d6, HLDK 14 ham lugng duong khir (%),
X la nhiét do thiy phan (°C), Y la ndng do
glucoamylase (%) va Z 1a thoi gian thuy phan
(phut).

Phan tich thong ké cho thdy cac gia trj P cua
bién doc 1ap déu nho hon 0,05, cho thay mirc do y
nghia cao cia cac thanh phan nay tham gia vao
phuong trinh (dit liéu khong dua ra day du ¢ day).
Trong d6 chi co gia tri P cua twong tac ndng do (Y)
va thoi gian (Z) bang 0,164 (16n hon 0,05), do d6
bién nay da dugc rat ra khoi phwong trinh. Hon
nira, gia tri P cia mo hinh ciing nhé hon 0,05 va R?
= 0,94, cang khéng dinh muc d¢ y nghia va do6 tin
cdy ctia md hinh hoi quy da chiéu dugc thiét lap.

Trong khodng nhiét d¢ thuy phan 60+70°C,
ndng d6 enzyme 0,05+0,15% va thoi gian thuy
phan 30+240 phut, ham luong dudng khir duogc
tinh bang cach thay gia tri X € (60-70), Y €
(0.05+0.15) va Z € (30+240), vao phuong trinh 2.
Tuong quan gitta ham lugng duong khir theo mo
hinh dy doan va ham Iugng duong khu thuc
nghiém dugc tim thdy (hé sb xac dinh twong quan
R2=0,938) (Hinh 3).

15
§ 14
L g

@ 13
=] y=0,8664x+1,1146
= 127 R2=0,9381 .
é. 11 -
=10 ¢
2 L)
20 4
g g * ®
k=] [ 2
—
= 7 ¢

6 .

6 8 10 12 14 16
HL dudng khtr du doan (%)

Hinh 3: Twong quan giira ham lwgng dwong khir dw dodn va ham lwgng dwong khir thwe nghiém (HL:
ham lwgng)

Céc mé hinh bé miat dap tmg thé hién twong
quan giita ham lwong dwong khir véi (i) nong do
glucoamylase va thoi gian thuy phan (nhiét do
65°C), (if) nhiét d6 va thoi gian thity phan (ndng do
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glucoamylase st dung 0,1%) va (iii) nhiét do va
néng do glucoamylase st dung (thoi gian thay
phan 180 phut) dugc biéu dién twong tmg & cac
Hinh 4, 5 va 6.
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Ham lwong dwomg khir

(%)

6,8-7.6
< 7,684
< a3 8492
E ’ 9,2-10,0
o 12,8 = 10,0-10,8
E _ 10,8-11,6
a2 10.8¢ B 116-124
a0  12,4-13.2
§- 8.8 1 270 13,2-14,0
& 68 150 D = 140-148
i 0,05 0,07 0.09 0.1 % ‘&‘Q m 14,8-15,6

\ 0,13 ¢ 15 30 ¢0\
N \ &
Nong do enzyme (%) N

Hinh 4: M hinh bé mit dap wng thé hi¢n twong quan giira ham lwong dwong khir trong dich thiy
phén véi nong d§ glucoamylase va thaoi gian thiy phan (nhiét do 65°C)

Ham luong dudng khir

(%)

< 6.3-7.1
< 143 7,179
£ 7,9-8.7
e 12,3 8.7-9.5
B " 955103
= 10,3 o
< 10,3-11,9
g 83 m 119-127
= s 12,7-13,5
E% L — 210 279& m 13.5-14.3

60 : e Y 1434151

Nhigt do (°C) <9

Hinh 5: Mé hinh bé mit dap wng thé hién twong quan giira ham lweng dwong Khir trong dich thiy
phan véi nhiét d§ va thoi gian thiy phan (nong do glucoamylase sir dung 0,1%)

Ham luong duong khir
(%)
9,6-10
10,0-10,4
10,4-10,8
10,8-11,2
11,2-11,6
11,6-12,0
12,0-12.4
12,4-12.8
12,8-13,2
13,2-13,6
13,6-14

Ham lugng duong khi (%)

Nhiét d§ (°C) o

Hinh 6: M hinh bé mit dap ung thé hién twong quan giira ham lwong dudng khir trong dich thity
phén voéi nhiét do va nong d¢ glucoamylase sir dung (thoi gian thiy phan 180 phiit)
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Tir cac mo hinh bé mit dép ing dugc xay dung,
¢6 thé sir dung phuong phap Explore Response
Surface (tur chuong trinh STATGRAPHIC) dé do
tim nhanh céac diém t6i wu tir cac dd thi. Cac diém
cao nhit duge do tim tir cac dd thi bé mat dap ung
(khi ¢d dinh mot nhan t§ va chon cap nhan td
tuong tac) dugc trinh bay & Bang 4. Két qua thu
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nhan cho thiy hiéu qua thuy phan ti wu cua
glucoamylase c¢6 thé dat dwoc (véi ham luong
dudng khtr cua dich dudng cao nhat) khi thuc hién
& nhiét d6 66,76°C, néng dd enzyme st dung la
0,12% va thoi gian thuy phan trong khoang 237
dén 240 phut (tuy diéu kién san xuat c¢6 thé chon
thoi gian thich hop).

Bang 4: Cac diém t6i wu dwoc do tim (khi c6 dinh 1 nhan t6) tir chwong trinh STATGRAPHIC

Cacedpnhan a0 65 ¢6 dinh

Diém cao nhat do

So thir tu Ham lwgng dwong

tb twong tac dwoc tir d thi hinh Khir (%)
Nong 40 enzyme it 45 (650C) 0,12%; 237,42 phut 4 13,683
va thoi gian

Ig\?;ft dovathol  \500 4o (0,1%) 66,76°C; 240 phiit 5 13,702
Nhict do va Thoi gian (180 0,12%; 66,76°C 6 13,445
nong d§ enzyme  phut)

Két qua dat dugc tir thi nghiém ciing twong tw
két qua nghién ciru cia Mot va Verachtert (1987)
cho rang enzyme glucoamylase thu duoc tir nAm
men Candida antarctica CBS 6678 dat duwoc hoat
tinh cao nhat & 60-65°C. Ngoai ra, Kunamneni va
Singh (2005), nhiét d6 va nong d¢ tdi uu cho qua
trinh duong hda cia glucoamylase tuwong Ung la
54,9°C va 0,069 U/mg. Amyloglucosidase (EC
3.2.1.3) tir Aspergillus niger dugc st dung cho qua
trinh dudng hda tinh bot hat xoai (Mangifera
indica Linn). M6 hinh bé mat dap ung da chi ra
diéu kién t6i wu (co chit 137,5 mg; enzyme 12 mg,
nhiét d6 55°C) dé thu duoc 0,4851 mg dudng/mg
co chat (Chowdary et al., 2000).

4 KET LUAN

Két qua nghién ctru cho thdy co thé thiét lap
dugc twong quan tot giita ham luong duong khu
tao thanh tir qua trinh thiy phan dich tinh bot bip
v6i nhiét d6, nong do enzyme va thoi gian thuy
phan (hé s6 xac dinh trong quan cao). M6 hinh bé
mit dap tng co thé dugce sir dung dé tdi wu hoa cac
diéu kién thuy phan dich tinh bot bap bang enzyme
glucoamylase. Hiéu qua thuy phan cao nhét dat
duoc khi st dung glucoamylase voi ndng do
0,12%, nhiét o 66,76°C va thoi gian 237 dén 240
phut. O céc diéu kién téi vu duoc chon, ham luong
duong khir trong dich dwong dat duge 13 cao nhat
(13,61+0,143%) sau qua trinh thay phan.
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