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THUY PHAN TINH BOT Bi PO
(CUCURBITA MOSCHATA) BANG ENZYME
TAO PUONG KHU CAO NHAT
BANG MO HINH CCD

® VO MINH HOANG - NGUYEN TH| HONG THAM

TOM TAT:

Nghién cttu nhdm xéc dinh cac thong sd cta qua trinh thily phan tinh bt bi d bing enzyme
a-amylase va glucoamylase nhim tao ham lugng duding khit cao nhat. Giai doan dich héa dugc bd
tri hai nhén t6 12 c4c ty 1& co chit: ndng dd a-amylase va thdi gian thily phan: ndng dd a-amylase
khac nhau. Thi nghiém dudng héa dudc thyc hién dya trén md hinh da bi€n CCD. Két qua, ty 1& cd
chit 1:4, ndng d6 a-amylase 11 U/g va thdi gian thity phan 50 phit dudc chon 1am co s cho thi
nghiém tiép theo. 0] ndng do glucoamylase 104,093U/ml, nhiét do 54,410°C va thdi gian 130,670
phiit cho ham lugng DE cao nhat 24,179% so véi phuong phdp khong dung enzyme 2,64 + 0,25.
Phan tich phuong sai trong mo6 hinh hdi cho thd'y md hinh bac hai ¢6 ¥ nghia (p < 0,05), do tin cay
ctia m6 hinh R2=0,9989, Lack of fit (p > 0,05) cho thA'y md hinh hdi quy da xay dung phii hop.

Tu khéa: a-amylase, glucoamylase, tinh bot, tinh bdt bi dd, thiy phén.

1. Dit van dé

Qua bi dd c6 tén khoa hoc 1la Cucurbita
moschata. O Viét Nam, bi dé dudc trong & nhiéu
ndi tir ddng biing d€n TAy Nguyén. Bi dé 1 ngudn
tinh bot tiém ning vi chiing chita trén 60% tinh bot
& dang chat kho [1]. Bi dé 1a mot loai qua ¢6
nhiéu gi4 tri dinh dudng va 1gi ich cho siic khde,
thanh phan dinh dudng clia bi dé cho thay sy hién
dién vitamin, axit amin, carbohydrate, khodng
chat, ning lugng thap, B-caroten va 12 mot ngudn
cung cAp vitamin A tuyét v3i c6 thé gitp bdo vé
thi luc hiéu qua [2-3]. Bi dé giau chat physterol va
céc axit béo omega 3, omega 6 tot cho sifc khde,
chita lugng chit chdng oxy héa va B-carotene rat
cao, nhitng chit nay lam gidm lugng cholesterol
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xau nén c¢6 tidc dung ting cudng hé mién dich,
diéu hoa huyét 4p va chong lai bénh tiéu dudng
[4-6]. Mot s6 nghién cttu cho thdy ring bi dd c6
tdc dung chong viém, ngin ngira mot s6 ung thu &
dudng tiéu héa [7-9]. Bi dé cling 1a mot ngudn
chat xo tot, gitip cdi thién hoat dong tiéu héa va
lam gidm can [6-7].

Tuy nhién, & Viét Nam viéc nghién ctu tin
dung ngudn nguyén liéu nay d€ ché bién thanh
sdn phdm mang gid tri cao vin chua dudc quan
tdm khai thac. Vi vay, nghién cttu nay dudc thuc
hién véi muc dich tim cdc diéu kién thdy phin
tinh bot bi dé ng dung trong ché& bién sita bi do
tao ra nhitng sdn phim c6 1di cho sitc khde con
ngudi. C6 nhiéu phuong phdp thliy phin tinh bot,
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trong d6 phudng phap diing enzyme dudc st dung
rong rai dugc ung dung d€ ning cao hiéu suit
trich ly dich thiy phan, gép phin gidm do nhdt, dé
loc dung dich, cai thién mau sic dich chiét va chat
lugng dich chiét (d6 két 1dng, mui vi cudng do)
trong qud trinh sdn xut [10].

Hiéu suit thily phin tinh bdt phu thudc vao
nhiéu yé€u t& nhu ndng do cd chit: nudc, nhiét do,
thdi gian, ndng d6 enzyme,... Trong nghién citu nay,
tdc gi ti€n hanh thiy phan tinh bot bi dé qua 2 giai
doan dich héa va dudng héa. Do chiu dnh hudng
ctia nhiéu y&u td trong qud trinh thiy phian nén néu
bd tri thi nghiém day di cdc y&u t& sé& ton kém chi
phi va thoi gian. Vi vy, tdc gia sit dung md hinh
Central Composite Design (CCD) trong thi&t k& thi
nghiém dudng héa, md hinh nay c6 uu diém la
gidm s6 lugng don vi thi nghiém nhung k&t qua van
c6 y nghia thong ké.

2. Phuong phap nghién ctiiu

2.1. Nguyén ligu va héa chat

Chon qué bi d6 c6 vé mau vang cam, dudng
kinh qud 10-15cm, thit day khodng 3,5cm, khoi
lugng 2,2-2,5kg dugc mua tir dai 1y Ba Thu & chg
Tra Vinh. a-amylase (thermostable a-amylase),
hing Novozyme, hoat tinh cdng b& 120 KNU-S/g
(KNU 1a lugng enzyme phan gidi 5,26g tinh bot),
dang 16ng, do nhét 1-25(cPs), ngudn bacillus
licheniformis. Glucoamylase, tu An bo, dang
16ng, pH 3.0-5.0, hoat tinh céng b6 300U/ml,
ngudn Aspergillus sp. Axit 3,5-dinitrosalixilic tir
AnPo, D-glucose, KNaC,H,0¢.4H,0.

2.2. Phuong phdp nghién citu

Nguyén liéu bi dé sé dudc tdch chiét bing cich
got v9, rira sach, xay nhuyén, ling, loc, sy kho rdi
nghién min d€ thu dudc tinh bot bi dd.

(1) - Giai doan dich héa dudc ti€n hanh thi

nghiém theo hai nhin t& ty 1& co chit: nuéc - ndng
dd enzyme va ndng d6 enzyme - thdi gian thly
phan.

(2) - Giai doan dudng héa dudc thuc hién bing
mo hinh da bi€én CCD véi 3 yé&u 8, 5 mitc do cho
mdi yé&u t6. C4c don vi thi nghiém & cdc nghiém
thitc thira va truc dugc lip lai 2 1an va 4 nghiém
thitc trung tAm, 16 diém thira, 12 di€m truc véi o =
+ 1,5 (Béng 1).

Dt lieu dugc ma héa cho 3 yé&u t& nhu sau: ndng
d6 enzyme glucoamylase (A), nhiét do thiy phan
(B) va thdi gian thiy phan (C) 1a c4c bi€n doc 1ap
va ham lugng DE (Y, 12 ddp tng phu thudc,
phuong trinh hdi quy da thic duge 4p dung dé xuit
nhu phuong trinh (1):

n n
V=fo+ ) BiXit ) BuX?
i=1 i=1

+Z i Bij XiX;+e (1)

i<j=1

Trong do:

Y 1a bi€n phu thudc, B, 1a hé sd chin; ;12 hé s6
phuong trinh bac 1, B; 12 hé s6 phuong trinh bac 2
ctia bi€n X;, B;;12 he s6 tuong tdc va e1a sai sd ngau
nhién.

T m6 hinh todn hoc tinh todn dudc thdng s t6i
wu cho diéu kién thity phan. Miu tinh bot t8i uu sau
d6 sé dugce danh gid ham lugng DE va so sanh véi
mau thuc t& trong cling diéu kién.

2.3. Phén tich thong ké

K&t qua duge xttr 1y bing phain mém thong ké
SPSS Statistics 20 IBM, thi nghiém t5i vu hoa dugc
xtt Iy bing phan mém Design-Expert 11.0.4.0 from
Stat-Ease.

BAng 1. Ma héa dii liéu dudng héa theo mé hinh Central composite design

Muc do
Ky hiéu Bién Pon v
15 -1 0 1 +1,5
A Nong do enzyme U/ml 45 60 90 120 135
Nhiét dé °C 35 40 50 60 65
C Thai gian Phat 30 60 120 180 210
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3. K&t qua thio luan

3.1. Anh hudng ciia nong dp a-amylase va ty ¢
co chét dén DE

Dua vao ki€m dinh ANOVA cho chiing ta thdy
ring c6 sy 4nh hudng gitta ty 1& cd chi't va nong do
enzyme dén dudng khit tao thanh (p < 0,05). Khi
thay ddi ty 1& co chat tir 1:5 d&€n 1:2 va ting din
ndng d6 enzyme tir 7U/g 1én 13U/g thi ham lugng
DE ting din. Kiém dinh sau ANOVA bing phuong
phdp Ducan cho thdy & ty 1& co chit 1:5 gid tri
trung binh DE thdp nhat 3,81% so vdi cédc ty 1& con
lai, trong khi d6 & ty 1€ 1:4 gi4 tri trung binh DE cao
nhat 5,87% va khéc biét so véi cdc ty 1& con lai va
su khédc biét nay c6 y nghia thong ké & mic 95%.
K&t qud nay cling phit hgp véi nghién ctu cda
Huanxin Zhang et al., 2011 [11]. Khi ting ndng do
enzyme ti 7U/g lén 13U/g thi gid tri trung binh DE
ting dan tuong Gng.

Béng 2 cho thdy & ndng do enzyme 11U/g va
13U/g thi DE dat gid tri cao nhat tuong dng la
6,78% va 6,87%. Tuy nhién, giita 2 gia tri DE nay
khong c6 khic biét y nghia vé mit thong ké (p >
0,05). Trong khi d6, & ndng dd enzyme 11U/g c6
thé ti€t kieém dugc mot lugng enzyme cho qué trinh
sdn xuat nhung van dat dugc ham lugng DE mong
mudn. Vi vdy, tic gid chon ndong do enzyme -
amylase 11U/g v6i ty 1& co chdt 1:4 @& 1am cd s6
cho thi nghiém ti€p theo.

3.2. Tdc dong ciia nong do o-amylase va thoi
gian thity phan dén DE

K&t qué cho thiy c6 su tuong tdc gitta ndng do
a-amylase va thdi gian thily phan d&€n ham lugng
dudng khir (p < 0,05), khi ndbng dd a-amylase ting

tir 7U/g dén 13U/g véi thai thity phan 30 va 50 phit
ham lugng DE ting dan. N&u kéo dai thdi gian 60
va 70 phit dudng khir gidm xudng. O ndng do o-
amylase 11U/g sau 50 phut lugng dudng khit dat
mic cao nhit 14,92%, néu ting ndng dd o-amylase
thi lugng dudng khit khuynh huéng gidm, trong
diéu kién ndng dd co chat thich hop thi van toc
phén ting tuyé&n tinh v&i ndng dd enzyme. (Bang 3)

Tuy nhién, khi ndng dd enzyme ting d&€n mot
gidi han thi toc do phan Gng khong ting 1én nita, do
co chat bi phin gidi dan trong phan tng. K&t qua
nay phi hgp véi 1y thuyét ciia Nguyén Pic Lugng
va cong su., 2004 [12].

3.3. Anh huéng ciia néng dp glucoamylase,
nhigt dj va thoi gian thity phdan dén DE

Hiéu qua thdy phan tinh bdt cia enzyme phu
thudc vao nhiéu diéu kién, dic biét 12 nong do
enzyme, nhiét do va thoi gian thiy phan. K&t qua
cho thdy su phan tin cta dit liéu nhu Hinh 1 thda
céc diéu kién dé€ ti€n hanh chay mo hinh tdi uu hda.
K&t qua phan tich ANOVA Bang 4 ¢6 thé thiy riing
md hinh ¢6 y nghia véi p < 0,05. Lack of fit (p >
0,05, diéu nay chi ra ring md hinh phit hgp cho tat
ca dir lieu.

Do tin ciy clia md hinh R?=0,9989 mé hinh xay
dung phit hgp. K&t qua ctia phuong trinh hdi quy c6
dang:

Y = 23,74+ 3,284 + 0,184B

+1,69C - 1,56AB + 1,72AC
+1,35BC-4,87A? - 1,52B? - 1,22C?

K&t qua ctia phuong trinh hdi quy dugc tim ra tir
viéc gidi phuong trinh trong md hinh chi 1a c4c bién
ma héa nhan gid tri khi p < 0,05, do d6 can chuyén

Bdng 2. Tdc déng clia ndng dd a-amylase va ty 1é ca chdt khdc nhau dén DE

, i Néng d6 a-amylase (U/g)
Ty Ié co chat:nudc

7 9 1 13 Trung binh
1:2 3,2810,24 4,1240,22 4,43£0,52 5,00+0,46 4,21*+0,72
1:3 4,27+0,71 4,74+0,43 5,48+0,75 5,8310,63 5,08*+0,84
14 4,06+0,51 5,77+0,40 6,78+0,14 6,87+0,36 5,87*+1,22
1:5 2,76+0,05 3,54+0,09 4,75+0,24 4,19+0,18 3,81%40,78

Trung binh 3,59%10,74 4,54*+0,90 5,36 +1,03 5,47+1,07

* thé hién su khdc biét Y nghia & mitc dé 5%
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Bdng 3. Anh hudng a-amylase va thdi gian khdc nhau dén DE

Nong do a-amylase (U/g) U B
30 40 50 60 70 Trung binh
7 3,74+0,07 4,40£0,07 8,94+0,12 9,14+0,07 7,100,07 6,66*+2,32
9 4,40£0,07 7,61+0,07 | 12,38+0,07 | 9,25+0,07 8,51+0,07 8,43*12,67
" 12,30£0,18 | 12,62+0,07 | 14,92+0,23 | 13,30¢0,18 | 10,71+0,18 | 12,74*t1,44
13 12,46£0,20 | 13,94+0,18 | 14,67+0,12 | 13,28%0,20 | 10,11x0,18 | 13,22*£1,09
Trung binh 6,77*+4,89 8,1*+4,78 | 10,64*+4,88 | 9,69*+3,68 | 7,68"t3,96
*thé hién su khdc biét y nghia & mitc do 5%.
Bdng 4. Phan tich ANOVA
Ngudn SSa dfb MSc F-value p-value
Model 810,42 9 90,05 2161,24 <0,0001 Y nghia
A-enzyme 269,14 1 269,14 6459,71 <0,0001
B-nhiét do 0,8460 1 0,8460 20,30 0,0002
C-thai gian 71,66 1 71,66 1720,06 <0,0001
AB 38,95 1 38,95 934,92 <0,0001
AC 47,58 1 47,58 1142,10 <0,0001
BC 29,12 1 29,12 698,98 <0,0001
A2 352,13 1 352,13 8451,73 <0,0001
B2 34,05 1 34,05 817,28 <0,0001
C? 22,19 1 22,19 532,68 <0,0001
Residual 0,9166 22 0,0417
Lack of Fit 0,1591 5 0,0318 0,7141 0,6214 Khong y nghta
Pure Error 0,7575 17 0,0446
R? 0,9989
Adjusted R? 0,9984
Predicted R? 0,9974

“ téng binh phuong, * bdc ty do, © trung binh binh phuong.

sang bi€n sd thuc. Phuong trinh hdi quy theo bié€n s&

thuc c6 dang:

DE =-76,6155 + 1,229X + 1,7321X,
— 0,0888X;3 - 0,0052X, X,

+0,00096X X3 + 0,00225X,X
— 0,0054X3 — 0,01515X3 - 0,00034X3

Trong d6: X;(U/g) la bi&€n thuyc cla gid tri
enzyme; X, (°C) la bién thuc clia gid tri nhiét do;
X5 (phit) 12 bién thyc clia gid tri thdi gian.

T thyc nghiém cho thay, nhd vao viéc bo tri thi
nghiém theo mo hinh da bi&n, chiing tdi xdc dinh
dugc chinh xdc ndng dd enzyme, nhiét do va thdi
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Hinh 1: Phén bé cua gié tri thuc va du dodn

Predicted vs. Actual

25

20

15

Predicted

10

néu ting thdi gian va ndng d6 enzyme thi khong du
co chit cho phin @ng. Vi vay, khi ting ndng do
glucoamylase 104,093U/ml, thdi gian 130,670 phut
va nhiét do & 54,410°C thi ham lugng DE sé dat cao
nhétla 24,179%. (Hinh 2)

Thi nghiém kiém chiing: PE ki€m chiing tinh
chinh x4c clia gid tri nhan dudc tir phuong trinh hoi
quy, ba thi nghiém dugc tién hanh lip lai doc 1ap &
diéu kién ndng @6 glucoamylase = 105U/ml, nhiét
d6 55°C va thdi gian thiy phan 130 phiit.

Béng 6 cho thdy ham lugng DE & thi nghiém
kiém chiing 1a 23,838% tuong duong véi két qua toi
uu héa theo mo hinh 1y thuyét 1a 24,179% & cling
diéu kién va khong c6 su khdc biét y nghia vé mit
thong ké & mic do tin cay 1a 95%. Nhu vay, két qué
ki€m dinh di khing dinh tinh chinh x4c cao ctia mo
hinh da dugc xay dung.

Hinh 2: a) dé Iéch so véi cac diém tham chiéu b) khéi Idp phudng tuong tac cla 3 yéu t6

Perturbation d ) Cube b)
30 DE (%)
A 228517 227973
c H
25 ]
B
Prediction 28 1793/
4 C+: 180 | 9.71989 15.9067
£
a = .0
15| 2
K=
[~ H
= E T B i 2
1 2 < 187147 132638, A+:120
0.3 k=)
£
b A: enzyme (U/g)
5 & ]
1;w 1Lw D;m m;w D;w H;m C-:60 12481 132713 A-:60
-1 1 -0. ] ! . B--40 . B+:60
Deviation from Reference Point (Coded Units) B: nhigt 46 (oC)
gian xt 1y ma tai d6 cho k&t qua ham lugng DE la 4.Kétluan

cao nhat theo mong dgi. (Bang 5)

Do mdi enzyme chi hoat dong &t nhat § mot
diéu kién nhat dinh, diéu kién nay nay phu thudc
vao nhiét do, thdi gian, pH, ndng do enzyme [12].
Thai gian thily phan ngidn va ndng do enzyme thap
thi khong di diéu kién ti€p xiic giita co chat va
enzyme lam cho ham lugng dudng khi sinh ra it,
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Quad trinh dich héa bing a-amylase theo ty 1&
tinh bot:nuGe 1:4 cho ham lugng dudng khi cao
nhat 1a 14,92% vé6i nong d6 a-amylase 11U/g va
thdi gian dich hod 50 phit. Giai doan dudng hoa
cho k&t qua 13 ndng dd glucoamylase 104,093U/ml,
nhiét d6 54,410°C va thoi gian thdy phan 130,670
phit cho ham lugng DEcao nhit 24,179% m
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Bdng 5. K&t qud t8i uu héa 3 yéu té nhiét dd, thdi gian va glucoamylase

Piéu kién t6i uu
Ham lugng DE (%)
Nhiét do (°C) Thoi gian (pht) Glucoamylase (U/ml)
54,410 130,670 104,093 24179

Bdng 6. K&t qud Y i phuong trinh hdi quy va thuc nghiém

Mb hinh Ii thuyét Mb hinh thuc té Mau tu nhién
Glucoamylase (U/ml) 104,093 105
Bién Nhiét do, °C 54,410 55
Thai gian xU 1y, phut 130,670 130
DPaplngY Ham lugng DE, % 24,1792+ 0,000 23,8382+0,187 15,704b £ 0,286

Ghi chu: Cdc ky tu trong ciing mot dong giéng nhau khong cé su khdc biét y nghia thong ké & 95%.
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ABSTRACT:

This study aims to determine the conditions of pumpkin starch hydrolysis by a-amylase and
glucoamylase enzymes in order to find out the optimal conditions to gain the highest reducing
sugar content. The saccharification experiment is carried out based on a multivariate model
according to the Central Composite Design method. The study finds out that the optimal
conditions for the hydrolysis of glucoamylase are the concentration of 104.093U/ml, temperature
of 54.410°C and hydrolysis time of 130,670 minutes to reach the highest DE content at 24.179
percent compared to the non-enzymatic method 2.64 + 0.25. The analysis of variance in the
regression model shows that the quadratic model is significant (p < 0.05), the reliability of the
model R?=0.9989, and Lack of fit (p > 0.05). It shows that the built regression model fits.

Keywords: a-amylase, glucoamylase, starch, pumpkin starch, hydrolyze.
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