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ABSTRACT

In this study, two-step enzymatic hydrolysis of purple sweet potato peel (as
a waste product) was optimized. The effects of time, enzyme dose and
temperature (starch liquefaction and saccharification) on soluble solid
content (Brix degree) and glucose concentration were investigated. The
Box-Behnken design was applied and a total of 18 treatments were
generated for each step. For the liquefaction step, an ANOVA test showed
the quadratic model obtained to be significant (p<0.05). The statistical
model predicted the maximum Brix degree to be 4.9 at a temperature of
80°C, a-amylase dose 0.22% (v/v) and time of 50 min. A quadratic model
was also obtained for the saccharification step and the model was also
significant (p<0.05). The statistical model for the second step predicted
the maximum reduced sugar concentration to be 30 g/L, established at the
temperature of 60°C, glucoamylase dose 0.074% (v/v) and time 134 min.
The optimized liquefaction and saccharification conditions were validated.

TOM TAT

Trong nghién civu ndy, hai bude thiyy phin bang enzyme doi véi vo khoai
lang tim (la phé phim cia qua trinh san xudt) dwoc t0i wu hoa. Anh hwong
ciia nhiét do, thoi gian va lieu lwong enzyme cho moi tién trinh thity phdn
(dich héa va dwong héa) dén ham lwong chdt khé hoa tan va ham leong
diong khir @a dwoc nghién ciru. Thiét ké thi nghiém theo mé hinh Box-
Behnken da dwoc dp dung va co téng cong 18 nghiém thurc da dwoc tao ra
cho méi buée. Poi véi giai doan dich héa, phan tich ANOVA cho thdy mé
hinh bdc hai thu dwoc ¢6 ¥ nghia (p <0,01). Cdc mé hinh thong ké dir bdo
dich thiy phén c6 @6 Brix téi da khodang 4,9 ¢ nhiét do 80°C trong 50 phiit
véi liéu leong enzyme a-amylase 0,22% (v/v). M6 hinh béc hai ciing thu
nhdn tie giai dogn dwong hoa voi mucc do y nghia cao (p <0,01). M6 hinh
thong ké dwoc thiét ldp cho buéc thir hai di dodn ham lwong dwong khir
(¢lucose) t6i da la khodng 30 g/L & nhiét dg thity phan la 60°C, liéu lrong
enzyme glucoamylase 0,074% (v/v) va thoi gian 134 phiit. Cac diéu kién
16i wu cua qud trinh dich héa va dwong héa da dwoc kiém dinh.

Trich din: Nguyén Minh Thuy, Nguyén Ngoc Béo Tran, Pham Thi Mai Qué, Bui Thi Phuong Trang, Ngo
Van Tai va Nguyeén Thi My Tuyén, 2016. M6 hinh hoa qua trinh thuy phén v6 khoai lang tim nhat
bang enzyme sir dung m6 hinh bé mét dap tmg. Tap chi Khoa hoc Truong Pai hoc Can Tho. 46b:

37-46.
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1 GIOI THIEU

Khoai lang ([pomoea batatas L.) dugc xép
hang la cdy luong thyc quan trong thir bay trong
san xudt nong nghiép toan cau. Trong hau hét cac
nganh cong nghiép, cac nha hang va trong cac hg
gia dinh, khoai lang dugc in bang nhiéu cach khac
nhau hodc duoc ché bién thanh nhiéu san pham cé
gia tri gia tang. Trong qué trinh st dung khoai
lang, vo khoai thudng bi loai bo va tao nén nguén
chat thai 16n, vi vay can c6 bién phap xu ly dé giai
quyet cac vin dé dat ra trong ché bién cac san
pham tir chung. Do d6, dé giam tinh trang 6 nhidm
mdi trudng va ciing co thé tim dwoc ngudn carbon
hitu dung co thé su dung cho cac muc dich khac
nhau, vo khoai khi thai ra c6 thé dugc tan dung cho
qua trinh thuy phan dé tao dung dich dudng, sau d6
c6 thé 1a ngudn nguyén liéu cho qua trinh san xuat
cac san pham co gia tri nhu dich duong glucose,
acid citric, acid gluconic, acid oxalic va ethanol.

Thong thudng, tinh bot duge thuy phin bing
acid, tuy nhién do qua trinh nay doi hoi st dung vat
liéu chdng dn mon, lam ting d6 mau va ham luong
mudi khoéang cua san pham (sau khi trung hoa), str
dung nhiéu ning luong trong qua trinh gia nhiét va
trong d6i kho kiém soat qua trinh nén phwong
phép nay hién da phan 16n dugc thay thé boi cac
qua trinh enzyme (Chaplin va Bucke, 1990). Nhim
chon lya phuong tién hiru ich trong xtr Iy vo khoai
lang, qué trinh tdi wu hoa cua hai budc thity phan
bang enzyme dé thu nhan dich dudng glucose cho
nganh coéng nghiép thyc pham va duge pham can
duoc thuc hién. Hai budc cé lién quan trong qua
trinh thily phan bang enzyme 1a dich hoa va duong
hoa (Blanco er al., 2000). Trong budc dau tién,
enzyme o-amylase phan cit cac lién két a-1,4-
glycoside ctia co chat mot cach ngiu nhién dé tao
thanh chudi ngan cua dextrin hoa tan. Trong budc
thir hai, enzyme glucoamylase thiy phan lién két
o-1,4-glucan trong polysaccharide, tach tudn tu
timg gdc glucose khoi dau khong khir cia mach va
cho san pham 1 glucose, ngoai ra glucoamylase
con ¢ thé thuy phan lién két a-1,6 glycoside &
mach nhanh cta phén tir amylopectin nhung tdc do
cham hon so v6i thity phéan lién két a-1,4 glycoside
(Gomes et al., 2005). Tuy nhién, sy phan giai tinh
bot dé tao thanh glucose thudng khéng bao gid
hoan tat, vi vdy cac san phim cudi thuong 1a hdn
hop cua glucose maltose va cdc loai duong mach
dai. Cac gia tri t6i uu vé thoi gian, pH, nhiét d¢ va
cac diéu kién hoat dong khac thé hién sy khac biét
gitta hai giai doan (Gerhartsz, 1990). Cac nghién
clru trudc day vé qua trinh thiy phan khoai lang
bang acid dd duoc thuc hién (Azhar va Hamdy,
1981; Kim va Hamdy, 1985), cac nghién ctru khac
vé qué trinh thuy phéan ciing duoc dé cap boi mot
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vai tac gia (Azhar va Hamdy, 1981; Sawai et al.,
2004; Shariffa et al., 2009). Tuy nhién, tAt ca céc
nghién clru nay déu thyc hién ddi véi phﬁn an duoc
cua cu khoai lang. Hon nita cac nghién ctru thyc
hién thiy phan bang enzyme ciing dugc thuc hién
d6i v6i cac nguon tinh bot khic nhu bap
(Kunamneni va Singh, 2005; Lé Thi Bich Phuong
va Nguyén Minh Thity, 2014), khoai tay (Vazquez
et al., 2009) va gao (Duong Thi Ngoc Hanh va
Nguyén Minh Thuy, 2014; Nguyén Minh Thiy va
ctv., 2015) va mot sb trong cac cong trinh nghién
cru trén di s dung phuong phéap thiét ké thi
nghiém bang phwong phap bé mit dap tng (RSM).
RSM 12 mét cong cu t6i wu hoa hiru ich da duoc ap
dung trong nghién ctru tic dong cua timg bién doc
lap va sy twong tac cuia chung (Box va Wilson,
1951). Bén canh d6, thyc té cho thdy RSM 1a mot
phuong phap hiéu qua v6i lao dong va chi phi thap,
it mat thoi gian va c6 thé thu thap nhleu két qua
nghién ctru hon so véi phuong phép cd dién, loi thé
chinh cua phuong phap nay 1a kha nang lam giam
s6 1an chay thir nghiém can thiét dé cung cap thong
tin day du vé két qua c6 thé chap nhan duoc vé mit
thong ké. RSM di duoc 4p dung cho nhiéu linh
vuc nghién ctru, nhung chi mot sb it da bao cdo
ung dung ctia phuong phap nay trong qua trinh
thity phan tinh bot khoai lang bang enzyme (Betiku
et al., 2013; Huynh Vin Vii va Nguyén Minh
Thuy, 2014).

Trong nghién clru nay, vo khoai lang tim duoc
tan dung tir qua trinh san xudt dé chuyén thanh
dich duong glucose theo hai budc cia qua trinh
thiy phan véi hé enzyme amylase dugc st dung.
Ngoai ra, dé t6i wu hoa qué trinh, RSM da dugc ap
dung dé xac dinh anh huong cua cac yéu té va sy
tuong tac 1an nhau ctia chiing trong cé hai giai doan
dich héa va duong hoa tinh bdt tir vo khoai lang
tim.

2 PHUONG PHAP NGHIEN CUU
2.1 Chuéin bi miu vé khoai lang

V6 khoai lang c6 d6 day 0,5-1 mm (gdm phan
vo lya va vo cui) duge thu nhén tr qua trinh ché
bién cac san phérn khoai lang tim dugc loai bo
phan khong tot (hu thdi), rira sach dé loai bo bui
ban va nhua ct. V6 khoai lang dugc lam rao sau
khi rira va cho vao bao bi polypropylene ton trit & 4
—5°C cho qua trinh su dung (hoac st dung ngay).

2.2 Chuén bi cho qua trinh thily phin bing
enzyme

Dé chuén bi cho qua trinh thily phan, vo khoai
lang tim duoc hap & 90°C trong 7 phiit cho dén khi
mém roi chuyén qua mdy xay trong thoi gian
khoang 90 gidy (dén ciu tric nat nhir) véi ty 1& vo
khoai va nuéc 1a 1:2. Trong budc dau tién (dich
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hda), enzyme a-amylase (132,5 Unit/gram) duoc
bd sung vao khdi khoai nghién dugc chira trong
cde co day kin bang gidy nhém va hdn hop duoc
giit 6n dinh nhiét d6 bang bé diéu nhiét (Memmert,
Ptc). O budc thir hai (dudng hoda), enzyme
glucoseamylase (amyloglucosidase 296,5
Unit/gram) dugc sir dung. Cac enzyme dugc mua
tur Cong ty Novozyme (Pan Mach).
2.3 BH tri thi nghiém

O bude dich hoa va duong hoa, thiét ké thir
nghiém Box-Behnken dugc ap dung tao ra 18
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nghiém thic véi cac bién dugc lya chon va thi
nghiém duoc lap lai 3 lan. Trong qua trinh dich
hoéa, cac nhan td dugce khao sat bao g6m nhiét o
(X)), ndng do enzyme oa-amylase sir dung (X,) va
thoi gian thuy phéan (X3). O bude dudng hoa, cac
bién tuong ty cling dugc lya chon nhung véi mirc
d6 va ky hiéu khac nhau, bao gém nhiét d6 (Xa),
liéu lugng glucoamylase (Xs) va thoi gian thuy
phan (Xe) v6i 3 muc do. Mic cac bién doc lap
duoc mi hoa duge thé hién & Bang 1.

Biang 1: Nhin t6 va cic mirc d9 bd tri theo mé hinh Box-Behnken (bwéc dich héa va dwong héa)

Qua trinh dich héa (mirc d9 cac bién Qua trinh dudmng héa (mirc d cac bién

Nhan t6 (Bién) dugc ma hoa)

dugc ma hoa)

Ky hiéu -1 0 +1 Ky hiéu -1 0 +1
Nhiét d6 (°C) X, 60 70 80 X, 50 60 70
Néng do enzyme (%)  Xa 0,04 0,16 028 Xs 0,03 006 0,09
Thoi gian (phut) X; 30 40 50 X 60 120 180

2.4 Thity phan tinh bdt vé khoai lang bing
enzyme theo hai buéc

Pé chuén bi cho qua trinh st dung, 0,5 kg vo
khoai lang dugc hip & 90°C trong 7 phut cho dén
khi mém rdi chuyén qua may xay. Str dung ty 16 vo
khoai va nudc 1a 1:2 va xay trong thoi gian 90
gidy. Gia tri pH cta dich tinh bdt khoang 5,3.
Nghién ctru t6i wu hoa cac bude dich hoa dya trén
thiét ké Box-Behnken nhu dwgc mo ta trong Bang
1 va 2. Enzyme o-amylase (Novozyme, 132,5
Unit/gram) dugc st dung cho qué trinh dich hoa
theo cac ndng do khac nhau duoc bd tri trong thi
nghiém (Muc 2.3). Dich tinh bdt vo khoai lang sau
khi dat dwoc cac diéu kién toi wu hoa & giai doan
dich hoa dugce tiép tuc qua trinh dudng héa theo
mé hinh Box Behnken da dugc thiét 1ap. Hoat dong
clia enzyme dugc ngung lai bang cach gia nhiét
hdn hop & nhiét do soéi. Hon hop cudi duge ly tim
& 10752 g trong 15 phit va phan dich trong dugc
do d6 Brix (budc dich hoa) hodc phan tich ham
luong duong khir (6 budc duong hoa).

2.5 Cac phwong phap phan tich

2.5.1 Phuong phap phan tich ham luong
duong khur

Ham luong dudng khi dwoc x4c dinh bing
phuong 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 phat va lam
ngudi nhanh xudng nhiét do phong. D6 hip thu cia
mau thi nghiém dugc do ¢ budce séng 540 nm. Tinh
toan lwong duong khtr dua trén dwong chuin cia

1,4293 x — 0,2744, véiyla ham
luong duong khir va x 1 d6 hip thu).

glucose (y =

39

2.5.2 Phuwong phap xdc dinh d¢ Brix

Do Brix ciia dich tinh bot dugc do bang may
Brix ké dugc do bang chiét quang ké (0 — 32°Brix)
(Atago, Nhat Ban).

2.6 Phwong phap xir Iy s6 liéu

Cac dur liéu thu duoc tir cac bude dich hoa va
duong hoa dd dugc phan tich théng ké bang
phuong phép bé mit dap g, trén co s¢ xdy dung
md hinh toan hoc bac hai phu hop dwoc dé xuat
bing st dung phin mém STATGRAPHIC
Centurion XVI (My). Dé xdy dyng tuong quan
giita bién phu thudc véi cac bién doc lap, hdi quy
da thirc dugc ap dung dé tao su tuong thich cta cac
hé sé ciia md hinh da thirc cia mdi bién trong timg
truong hop. Chat lugng vé d6 twong thich ciia mé
hinh dwgc danh gia bang cach kiém dinh mirc d6 y
nghia va phan tich phuong sai (ANOVA). M6 hinh
toan hoc bac hai dugc mo té trong phwong trinh 1.

k
Y=b, +ZbX+Zb X2+Zb XX +e (1)

Trong d6: Y 1a bién phu thudc (Brix, ham
luo’ng duong khir), b, 1a hé sb chan, b, (i = 1,
k) 1a hé sb phuong trinh bac 1, b; 1a hé s6
tu’ong tac, b 1a h¢ so phuong trinh bac 2 cua bién
X;va e 1a sai s6 ngau nhién.

3 KET QUA VA THAO LUAN

Thanh phan nguyén lidu 1a mot trong nhiing
yéu t6 quan trong anh huéng dén viéc trich ly dich
duong glucose. Trong vo khoai, ham lugng nudc
chiém kha cao (khoang 81%), ham luong tinh bt
ctia phan vo khoang 11%, cling dugc xem 1a ngudn
co chat tot cho qua trinh thu nhan dich duong.
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3.1 Téiwu héa qua trinh dich héa tinh bt
vé khoai lang tim bang enzyme a-amylase

Qua trinh dich hoa tinh bot 1a qué trinh phan cét
ngau nhién tai vi tri lién két a -1,4 glycoside dudi
tac dung cua enzyme o-amylase. Ba yeu t6 anh
huéng chi yéu dén qua trinh ‘nay 1a thoi gian, nhiét
do va liéu lugng enzyme bd sung di dugc bd tri
theo m6 hinh Box-Behnken v6i 3 lan lap lai va do
Brix 14 chi tiéu duoc sir dung dé danh gia hiéu qua
cua qua trinh dich hoéa tinh bot dugce thé hién &
Béng 2.

Xt 1y dit liéu thu nhan bang phan mém théng
ké STATGRAPHIC cho thdy cac két qua cua thir
nghiém c6 y nghia d6i voi mdi hé s6 hoi quy. Cac
thanh phan tham gia vao md hinh déu thé hién mirc
d6 y nghia cao (hdu hét gia trj p <0,05) (Bang 3).
Trong truong hop nay, ba nhén té tuyén tinh (X,
X», X3), hai tuwong tac (XiX3, X»X3) va ba gia tri
béc hai (X7, X7, X;) tham gia vao mo6 hinh déu thé
hién rd rét y nghia & murc do tin cay 95%, ngoai trir
trong tac X;X,. Bang 4 thé hién cac phan tich
phuong sai ctia cac md hinh phwong trinh hdi quy.

Céac gia tri cia mo hinh Fisher F-test 87,92 véi
gi4 tri xac sudt P rat thdp (P = 0,0000) dd chimg
minh mé hinh hdi quy dugc thiét 1ap c6 ¥ nghia
cao (Kunamneni va Singh, 2005). Sy phu hop cua
md hinh duoc kiém tra qua hé sd xac dinh twong
quan R2 Guan va Yao (2008) bao céo ring R? nén
it nhat 1a 80% dé thé hién duoc sy phu hop ciia mé
hinh. Bdi véi bude dich hoa, R? cia md hinh 1a
93,98%, trong khi adj. R? di dwoc tim thiy la
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92,92% va tat ca cac hé sb cua gia trj p déu thé
hién mirc d§ y nghia cao, ngoai trir twrong tac X;Xo
(Bang 3). Piéu nay ciing ngu ¥ rang mo hinh to ra
phi hop véi cac dai dién day du ciia cac mbi quan
hé thyc sy gifra cac bién duoc lua chon (Véazquez
et al., 2009).

Bang 2: Thi nghiém dwogc bd tri theo mé hinh

Box-Behnken va d§ Brix ciia dung dich
sau khi dich héa vé khoai lang tim

921
-
=
2<
S

X3 P Brix

1 0 0 0 44 45 44
2 0 -1 -1 39 38 38
3 -1 0 1 44 44 44
4 1 -1 0 48 48 47
5 0 0 0 42 42 42
6 1 1 0 44 44 44
7 1 -1 0 46 44 46
8 1 0 -1 46 44 45
9 0 0 0 44 46 46
10 0 0 0 46 44 46
11 1 0 1 44 44 46
12 0 0 0 39 4 39
13 -1 1 0 46 44 44
14 -1 0 -1 36 35 35
15 0 -l 1 36 38 36
16 0 1 -1 4 4 4
17 0 0 0 44 44 44
18 0 1 1 48 48 48

Bang 3: Kiém tra mirc d9 y nghia ciia cic hé s6 hdi quy cho buéc dich héa (gia tri dd Brix)

Ngudn Tongbinh — po 44 Trung binh binh 0 g Gié tri P
phuong phuong

X 1,3067 1 1,3067 157,17 0,0000

X, 2,3438 1 2,3438 281,92 0,0000

X 0,9204 1 0,9204 110,71 0,0000

X7 0,1421 1 0,1420 17,09 0,0002

XXz 0,0533 1 0,0533 6,42 0,0151

XiX3 0,0833 1 0,0833 10,02 0,0029

X7 1,3475 1 1,3475 162,09 0,0000

XX 0,1008 1 0,1008 12,13 0,0012

X5° 0,1911 1 0,1911 22,99 0,0000

Bang 4: Phén tich phwong sai (ANOVA) ciia phwong trinh hdi quy cho bwéc dich héa

Ngudn Tongbinh oo 40 Trung binh binh o0 o g Gia tri P

phuong phuong

Model 6,448 9 0,8059 87,92 0,0000

Residual 0,4125 44 0,0092

Lack of fit 0,2475 27 0,0092 1,35 0,274

Pure error 0,1017 17 0,0068

Total (corr.) 6,86 53

R%=93,98% Adjusted (Adj.) R> = 92,92%

Standard Error of Est. = 0,096
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Nhitng gi4 tri nay da chi ra ring mé hinh hoi
quy c6 y nghia thong ké; khoang 6% cua tong sb
bién khong dwoc giai thich bing md hinh hdi quy
nay. Hon nira, gia tri ciia R2 cia md hinh cho thay
mdt sy tuong thich kha cao gitta cac gia tri thuc
nghiém va céc gia tri du doan.

Mtrc d6 phu hop ciia md hinh ciing dugc danh
gia thong qua gia tri F ciia Lack of fit. Gia tri Lack-
of-fit dugc xay dung dé kiém tra sy twong quan
giita gia tri thuc nghiém va gia tri du doan. Dt li¢u
dugc phan tich thé hién dong thoi & Bang 4 cho
thdy cac gia tri F (1,35) va p (0,274) khong c6 y
nghia théng k&, vi vay kha nang phu hop cua mo
hinh 1a rét cao. Trong trudng hop nay, Lack-of-fit
khong c6 ¥ nghia (p >0,05) cho thiy mé hinh da
dugc thiét 1ap co chat luong cao (Vazquez et al.,
2009). Do d6, c6 thé st dung phuong trinh hdi quy
du doan ly thuyét gia tri d6 Brix cua dich tinh bot
vo khoai lang tim ¢ budc dich hoa.

Phuong trinh hdi quy cudi cung biéu dién mdi
quan h¢ giita Brix va 8 cac bién doc 1ap (theo cac
nhan t6 dugc ma hoa) cho mé hinh bac hai bé mat
dap ung Box-Behnken cho budc dich hoa duge md
ta trong phuong trinh 2.

Y =2,373 - 0,089 X; + 6,678 X, + 0,162 X3 +
0,001 X;2—22,280 X,2—0,0012 X32 - 0,0008 X;X;3
+0,076 XoXs (2)

Brix

32338
Il 3.38-3.56

3.56-3.74

374392
N 39241

41428

B 446-4.64

464482
. 48250
N 5.0-5.18

®& 7
Nhiét do (°C)

Il 428446 P
2 o

76

(©
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Trong do, Y 1a Do Brix, X 1a nhiét d6 (°C), X,
1a lidu luong enzyme (%) va X3 la thoi gian (phut).
Céc gia tri sai s6 chuén (standard error) thip dugc
ghi nhan trong cac hé s6 chan (intercept) va tat ca
c4c thanh phan tham gia vao mé hinh (model
terms) cho thdy sy twong thich cao ciia cic mo
hinh. D6 thi bé mit dép Gmg thé hién mdi twong tac
giita cac yéu t6 nhiét do, ty 1¢ enzyme va thoi gian
thily phan dén do Brix cua dich thuy phan dugc thé
hién & Hinh 1 (a, b va c). Hinh 1a cho théy mat dap
ung dai dién cho céac tac dong cua thoi gian, lidu
lugng a-amylase va twong tac 1an nhau cla chiing
dén hiéu suat thiy phan (thong qua °Brix) ¢ nhiét
d6 khong d6i 1a 70°C. Két qua thu nhan dwoc cho
thdy d6 Brix cta dich thity phan ting trong khodng
thoi gian thiy phan tir 30 dén 40 phut va lidu luong
enzyme su dung tu 0,04 dén 0,16%. Néu tiép tuc
tang lugng enzyme tir 0,16 dén 0,28% va thoi gian
tir 40 dén 50 phut thi d¢ Brix dat duoc khong thé
hién sy khac biét y nghia. Tang luong enzyme su
dung va kéo dai thoi gian thuy phan dai thi enzyme
c6 co hoi tlep XUc Vi co chat nhiéu hon, qué trinh
thiy phan t6t hon nén do Brix c6 khuynh hudng
tang thém. Tuy nhién, qué trinh thiy phan da két
thiic va co chét can kiét thi kéo dai thoi gian khong
mang lai hiéu qua dang ké (Yuan et al., 2008).

Brix
3.2-338

. 338356
3.56-3.74
37439
| 3.92:4.1
41428
B 428446
B 446464
46448
3 - 48250
30 50508
Nhiét dg (ﬂc) 0 g®
(b)
Brix
~ S 32-3.38
] . 3383.56
] 356374
*; B 3.74-3.92
1 1 | 3.92-4.1
: ] 4.1-4.28
. | W 428446
4 J B 446-4.64
- 03 464482
SO0 . 48250
=) . 50-5.18

Hinh 1: M hinh bé mit dap tng cho bwéc dich héa tinh bdt v khoai lang tim (dd Brix ciia dich thity phan)

(a) Anh huong ciia lirong a-amylase, thoi gian va twong tac ciia ching (nhiét dg thiy phan 70°C); (b) Anh hwong ciia
nhiét dj, thoi gian va twong tac ciia ching (lwong enzyme a-amylase 0,16%); (c) Anh huéng ciia nhiét @6, lwong o-
amylase va tuong tdc cua chung (thoi gian thiy phdan 40 phut)
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Mb hinh bé miat dap tng vé anh hudng cua
nhiét o, thoi gian va twong tac 1dn nhau cta ching
dén do Brix cua dich thiy phan véi liéu luong a-
amylase st dung la 0,16% duogc trinh bay & Hinh
1b. Khi ting nhiét d6 thuy phan tir 60 dén 80°C va
thoi gian tir 30 dén 40 phat thi hoat dong cua
enzyme ting cuong, qua trinh dich héa dién ra
nhanh hon va d§ Brix dat dugc trong dich thuy
phén ciling cao hon. Tuy nhién, nhiét d¢ thuy phan
c¢6 thé chi ting dén murc giéi han tdi wu cho qua
trinh dich héa, néu vuot qua gia tri tdi wu s& lam
giam hoat dong enzyme va c6 thé dan dén Grc ché
hoat dong enzyme.

Hinh 1¢ mé ta bé mit dép tng cho tac dong cua
nhié¢t d9, lieu lugng a-amylase & mdt thoi gian nhat

. S0
£ y = 0.9399x + 0.2586
SE45 [ R2=0,9399
SE |
= 2|
% 240 |
A .
) 3.5 r

30 Lo v
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dinh. C6 thé thiy nhiét do cao va lidu luong a-
amylase ting ban dau co lgi cho quéa trinh thuy
phén (d6 Brix dich thiy phéan cao). Khi nhiét do
tang tir 60 dén 70°C va ty 1& enzyme tir 0,04 dén
0,16% thi co su gia taing d6 Brix. Tuy nhién, gia tri
nay khong thé hién su khac biét co y nghia khi tang
ndng d6 enzyme st dung tir 0,16 dén 0 ,3%, cac gia
tri d6 Brix thu dugc dao dong tir 4,7 dén 4,9°Bx.
Nhu véy, khi luong enzyme du thira va co chét con
lai rét it thi phan ung thiy phén gin nhu khong
dién ra tiép tuc.

Su twong thich cao cla cac gia tri thuc nghiém
va du doan tir phuong trinh 2 ciing dugc thé hién &
Hinh 2.

4 4.5 5

D¢ Brix thuc nghiém

Hinh 2: Twong thich giira °Brix thwe nghiém va du doin theo phwong trinh héi quy (2)

Céc gia tri t6i wu cua cac bién doc lap trong
budc dich hdéa thu nhan duoc béng phﬁn mém
STATGRAPHIC. Cac diéu kién t6i wu cho giai
doan nay duogc udc lugng la X; = 80°C, X, =
0,217% (v/v) va X3 = 50 phat. B§ Brix du doan
duéi cac diéu kién néu trén 13 Y = 4,9°Brix. D¢ xéc
minh du doan ctia cidc mo hinh, cac didu kién toi wu
dugc thuc hién véi ba 1an lap lai doc 1ap va do Brix
trung binh thu dugc 1a 4,95°Brix, gé‘m voi gia tri
udc tinh cia mo hinh thu nhén dugc tr phuong
trinh. Sy chénh 1&ch gitta d¢ Brix thuc té va du
doan 14 do ngudn nguyén liéu khong 6n dinh, ty 18
enzyme va thoi gian ting c6 thé din dén su chénh
1éch. Nguyén Dirc Luong va ctv. (2004) cling cho
rang enzyme c¢6 ngudn goc tur vi khuén hoat dong
manh & nhiét do 75 dén 85°C. Nghién clru cua
Huynh Vin Vii va Nguyén Minh Thuy (2014) ciing
cho két qua sir dung enzyme o-amylase ¢ nhiét do
80°C, thoi gian 40 phut va ty 1€ enzyme st dung
0,05% thi qua trinh thiy phan tinh bdt khoai lang
14 t6i wu nhat.
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3.2 Téi wu hoa qua trinh dwong hoa dich
tinh bt vo khoai lang tim bang enzyme
glucoamylase

Tiép theo budc dich héa dich tinh bot tir vo
khoai lang tim & cac diéu kién tdi wu, budc dudng
héa dugc thyc hién véi cac muc dd nhiét do, ty 1¢
enzyme va thoi gian khac nhau (da dugc ma hoa).
Ham lugng dudng khir 1a chi tiéu quan trong chung
minh hiéu qua cua enzyme glucoamylase st dung
trong budc thily phan nay (Bang 5). Glucoamylase
pha v& lién Kkét o-1,4-glucoside va tao thanh cac
phan tir glucose (Kennedy va White, 1985).

Két qua kiém tra mic d6 y nghia cua cac bién
doc 1ap tham gia vao phuong trinh t6i wu hoa cho
thdy cic gid tri P clia cic nhan t6 déu rit nho
(p<0,000) (Bang 6), thé hién mirc 6 y nghia cao
clia céc thanh phan nay tham gia vao phuong trinh.
Phan tich phuong sai (ANOVA) cia phuong trinh
hdi quy cho budc dudng hoa cho gia tri F 16n
(49,67), gia tri p cia mé hinh rat nhé (p < 0,0000)
cung véi R* (92,8%) va Adj. R? (91,33%) (Bang 7)
cho thiy mé hinh c6 d6 chinh x4c tuong dbi cao,
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cang khing dinh muc do y nghia va do tin ciy cua

mo hinh hoi quy da chiéu duogc thiét 1ap.

Bang 5: Thi nghiém dugc bo tri theo md hinh Box-
Behnken va ham luwgng dwong khir (%)
ciia dung dich sau qua trinh duwdng héa

Ham lwgng dwong

STT X« Xs Xo ki (%)
1 0 0 02,9995 2,9995 2,9995
2 0 1 12,9995 2,9995 2,8384
3 1 0 12,4449 2,33322,3332
4 1 0 -1 223652,14692,0614
5 0 0 0 3,1807 3,1807 2,8384
6 0 0 02,9995 2,9995 2,9995
7 1 -1 0  2,5617 2,5617 2,4449
8 1 1 02,6875 2,62462,6246
9 1 0 -1 25617 2,444923332
10 0 -1 -1 228492,14692,1917
1 -1 - 02,1469 2,1469 2,1469
2 o0 - 13,1416 3,0639 3,0639
13 -1 1 0 2,68752,56172,5617
14 0 0 02,9995 2,9995 2,9995
15 0 0 03,1807 2,9995 2,9995
16 0 1 -1 2,763 2,68752,6875
17 -1 0 12,5617 2,4449 2,4449

18 0 0 03,0901 2,9995 2,9995

Bén canh do, kiém tra d6 phu hop ctia mo hinh
thong qua kiém tra gid tri Lack of fit cing cho thay
khong c6 y nghia thong ké (p = 0,055). Do d6, kha
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nang phu hop ciia mé hinh tuong déi cao. Cac nhan
t6 tham gia vao phwong trinh déu c6 anh huong
dén qua trinh duong hoa vo khoai lang tim.
Phuong trinh hdi quy thé hién trong quan cua diéu
kién thity phan dén ham lugng dudng khir thu nhan
duoc thiét 1ap va st dung dé du doan ham luong
duong khtr tao thanh tr qua trinh duong hoa
(Phuong trinh 3).

Y =-18,648 + 0,598X4 +42,717X5 + 0,032 X¢—
0,278 X4Xs— 0,00017X4Xs— 0,005 X -
0,090X5X6— 94,069X 5> 0,00006 X¢*  (3)

Su tuong thich gilra ham luong duong khur dy
doan va thuc nghiém dugc tim thay (Hinh 3).

Cac md hinh bé mat dap tmg thé hién twong
quan gitra cac nhan t6 dugc biéu dién ¢ dd thi Hinh
4 (a, b, c). D thi Hinh 4a cho thay thoi gian thuy
phan anh huong dén ham lugng duong khir tao
thanh. Khi thyc hién qua trinh thity phéan tir 60 dén
180 phit va nong do enzyme tir 0,03 dén 0,06%
thi ham lugng duong khu ting 1én lién tuc va thu
dugc lwong duong khir cao nhit (khoang 3,0-
3,1%). Tuy nhién, néu sir dung lugng enzyme
0.09% va kéo dai thoi gian tir 120 dén 180 phut thi
ham luong dudng khir thay d6i khong dang ké (dao
dong tir 2,9-3,1%). Thoi gian thiy phan dai c6 thé
tao diéu kién tiép xtic giita co chat va enzyme lam
cho qua trinh thuy phan xay ra t6t hon, tao ra nhiéu
san phdm. Sau d6, cac san phim sinh ra nhiéu s&
dong vai tro nhu chét kim hdm khong canh tranh
va kim ham hoat dong ciia enzyme (Nguyén Dirc
Luong va ctv., 2004).

Biang 6: Kiém tra mirc dd ¥ nghia ciia cac hé s hdi quy cho bwée dwong héa (ham lwong dudng khir)

Nguén Tong binh —p0 0 4o Trung binh binh .0 o Gi tri P
phuong phuong

X4 0,1362 1 0,1362 49,67 0,0000
Xs 0,3316 1 0,3316 23,05 0,0002
X 0,7085 1 0,7085 56,10 0,0000
X4? 2,7870 1 2,7870 119,86 0,0000
X4Xs 0,0836 1 0,0836 471,50 0,0000
XaXe 0,1271 1 0,1271 14,15 0,0019
Xs? 0,0938 1 0,0938 21,51 0,0003
Xs5Xs 0,3157 1 0,3157 15,87 0,0012
X 0,5347 1 0,5347 53,42 0,0000
Bang 7: Phén tich phwong sai (ANOVA) ciia phwong trinh hdi quy cho bwéc dwong hoa
Ngudn Tongbinh 5, 1 do Trung binh binh 0 Gid tri P

phuong phuong
Model 5,580 9 0,620 49,67 0,0000
Residual 0,549 44 0,012
Lack-of-fit 0,352 27 0,013 2,21 0,0554
Pure error 0,089 17 0,006
Total (corr.) 6,129 53

R2 =92,80% Adjusted (Adj.) R?=91,33% Standard Error of Est. = 0,076
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Hinh 3: Twong thich giira ham lwgng (HL) dwong khir thwe nghiém va dw doan theo phwong trinh hoi

quy

Mo hinh bé mat dép Gng Hinh 4b biéu dién
tuong tac gitra nhiét do va thoi gian dén qua trinh
duong hoa. Nhiét d6 va thoi gian anh hudng dong
thoi dén ham lugng duong khir tao thanh. Viéc kéo
dai thoi gian thich hgp cho qua trinh thiy phan vo
khoai lang tim hon, tao di€u kién cho co chat tiép
xUc voi enzyme. Bén canh d6, nhiét d§ thiy phan
tang ciling ho tro hoat dong cuia enzyme, cang gan
dén nhiét do toi vu thi kha ning hoat dong cua
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Hinh 4: M hinh bé mit dap wng cho bwéc duong
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enzyme tang cuong. Tuy nhién, néu nhiét d6 cang
léch xa hon toi wu thi kha ning hoat dong cua
enzyme giam dan. M6 hinh cho thdy nhiét d6 thich
hop qué trinh thuy phan khoang 60-65°C. Nghién
ctru cia Lé Thi Bich Phuong va Nguyén Minh
Thily (2014) ciing tim ra nhiét d t6i wu cho qua
trinh thuy phan la khoang 66,67°C. Sy chénh 1éch
nhiét do nay 1a do qua trinh thiy phén ciing phu
thudc vao loai enzyme st dung.
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(a) Anh huéng cia lwong glucoamylase, thoi gian va twong tdc ciia ching (nhiét @6 thiy phan 60°C); () Anh huéng ciia
nhiét do, thoi gian va twong tac cua chung (lwong enzyme glucoamylase 0,06%); (c) Anh huong cua nhiét o, luong
glucoamylase va twong tdac cua chung (thoi gian thuy phdn 120 phut)

Anh hudng ciia nhiét d6 thiy phan va ndng do
enzyme glucoamylase st dung dén ham luong
duong khir dugc thé hién & Hinh 4c. Khi tang nhiét
d6 dén 60°C va ndng do enzyme dén 0,06% thi
ham lugng duong khir cao hon hén so véi nhiét do
50°C va ndng do enzyme 0,03%. Tuy nhién, khi
tiép tuc tang nhiét do dén 70°C va nf“)ng do enzyme
dén 0,09% thi ham lugng duong khir c6 khuynh
huéng giam, nguyén nhén cua su b1en déi 1a do
moi enzyme chi ¢ thé hoat dong tét & mot trang
thai nhat dinh, trang thai nay phu thudc vao nhiét
do, pH va san pham cua moi truong (N guyén Dinh
Thuong va Nguyén Thanh Hang, 2005). Nhiét do
thich hop cho enzyme glucoamylase hoat dong tot
la khoang 60°C.

Nong d6 enzyme sir dung ciing anh huéng dén
ham luong dudng khir, khi ndng d6 co chit khong
d6i va tang nong do s dung enzyme tir 0,03 dén
0,06% thi ham lugng duong khur tang do ban dau
van tc phan tng ting, tuy nhién khi hé thuy phan
da dat duoc trang thai can bing gitra co chat va
nong do enzyme thi c6 ting thém nong do enzyme
st dung cling khong lam tang ham luong duong
khir. Bén canh do, khi sit dung ndng do enzyme
0,06%, thi luong co chit cho phan tng thuy phan
¢ thé da duoc sir dung triét dé, vi vay khi ting
lwong enzyme thi san pham ciing khong ting thém
nira.

Cac gia tri tdi wu cua cac bién doc lap trong
bude dudng hoa ciing duge xac dinh tir phan mém
STATGRAPHIC. Cac diéu kién t6i wu cho giai
doan nay la X4 = 60,13°C, Xs= 0,0738% (v/v) va

= 134,12 phut. Ham luwong dudng khir du doan
theo cac diéu kién néu trén 1a Y = 3,07%. Dé kiém
dinh cac gia tri dy doan ciia mo hinh, cac diéu kién
t6i wu dwoc thuc hién doc 1ap véi ba lan lap lai va
gia tri trung binh ctia ham lugng duong khur dat
duoc 1a 3,248%, twong duong véi gia tri ude tinh
ctia md hinh duoc thiét 1ap.

4 KET LUAN

Phuong phap bé mat dap tng dwoc ap dung
thanh cong cho hai budc thiy phan vo khoai lang
bang hé enzyme a-amylase. PO Brix t6i da thu
duogc cho budc dich hoa 1a 4,9°Brix trong 50 phut
thiy phan & 80°C véi liéu lugng a-amylase sir
dung 13 0,22% (v/v). Céc diéu kién t6i wu trong qua
trinh duong hda cling dugc xac lap. Trong budc
nay, néng d6 glucose dat dugc 30 g/L & nhiét do
thiy phan t&i wu 60°C luc 134 phut véi liéu lwong
glucoamylase 0,074% (v/v). Cac diéu kién tdi wu
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clia qua trinh dich héa va dudng hoa da duoc kiém
dinh véi d6 Brix va ndng do glucose thuc té
4,95°Brix va 30,7g/L, twong ung. Dich dudng
glucose thu dugc trong qua trinh ndy c6 thé duoc
sir dung tiép nhu 1a ngudn carbon va sau d6 chuyén
d6i sang san pham hitu ich cho con ngudi.
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