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Tom tit:

Muc dich cia nghién ciru nay la thyc nghi¢m da yéu t6 va t6i wu hoa mét s6 yéu té cong nghé tién xir 1y thity phan bing enzyme
pullulanase két hop qua trinh thily nhiét dé tao tinh bt khang tiéu héa RS3 (tinh bot khang RS3) tir bot gao gidng lia IR50404.
K& hoach thwrc nghiém da yéu t6 sir dung mé hinh quy hoach ciia Box-Behnken véi 3 bién déc Iap twong img mién bién thién: nong do
enzyme pullulanase (1,5-2,5%); nhi¢t d¢ thity phan (52-58°C); thoi gian thiy phan (8-12 gid). Cac ham muc tiéu gdm: ham lwgng
tinh bgt khang RS3 (%), ham lwgng dwong khir (%) va do hoa tan (%). Cac thi nghi¢m dwgc tién hanh trong ciing diéu kién véi cac
thong s6 da dwoc xac dinh tir cac thire nghiém don yéu t6: chuén bj dich thity phan enzyme véi ham lirong tinh bjt gao/nuwée 15% & pH
5,5; ché do thiiy nhiét sau qua trinh thily phan bz‘mg enzyme v6i 3 chu ky xir ly nhlet/lam ngudi: hz'lp nhiét (130°C, 60 phit) — lam
ngudi va thoi gian luu trir (4°C, 18 gio). Xirly so liéu va t6i wu héa bang phan mém Design - Expert 7.1 co sit dung thuat toan ham
mong doi v6i mong mudn ham lwgng tinh bt khang RS3, ham lwgng dlrong khir va do hoa tan dat gia trj lon nhit, ‘twong wng hé
s0 quan trong 5/5, 4/5 va 4/5. Két qua ctia nghién ctru da xac dinh dwge ché do tién xir ly bang thily phan enzyme t0i wu voi nong
dd enzyme pullulanase 2,2% ¢ nhiét d¢ 54,4°C trong thoi gian 10,4 gio, twong (ng ham lwgng tinh b§t khang RS3 dat 47,58+0,22%,
ham lwgng dwong khir dat 14,12+0,08% va do hoa tan dat 68,52+0,18% sau qué trinh thiy nhiét.

Tir khoa: enzyme pullulanase, thity phan, tinh bt gao IR50404, tinh bt khang tiéu héa RS3, t0i wu hoa.
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Abstract:

The purpose of the study was to conduct a multi-factor experiment and optimise some technological factors of pretreatment
by pullulanase enzymatic hydrolysis combined with hydrothermal process to produce resistant starch (RS3) from rice flour of
IR50404 paddy variety. The multi-factor experimental plan used the Box-Behnken planning model with 3 independent variables
corresponding to the variation range: pullulanase enzyme concentration (1.5-2.5%); hydrolysis temperature (52-58°C), hydrolysis
time (8-12 hours). The objective functions include: RS3-resistant starch content (%), reducing sugar content (%), and solubility
(%). The experiments were conducted under the same conditions with the parameters determined from single-factor experiments:
Prepare enzymatic hydrolysis solution with rice starch/water concentration of 15% at pH 5.5; hydrothermal mode includes 3
heat treatment/cooling cycles: autoclaving (130°C, 60 minutes) — cooling and storage time (4°C, 18 hours). Experimental data
processing and optimisation used Design - Expert 7.1 software with expected function algorithm with the desire that the RS3-
resistant starch content, reducing sugar content and solubility reach their maximum values, corresponding to the important
coefficients of 5/5, 4/5, and 4/5. The results were the determination of the optimal enzymatic hydrolysis pretreatment regime
with pullulanase enzyme concentration of 2.2%, hydrolysis temperature of 54.4°C for 10.4 hours, corresponding to RS3 resistant
starch content reached 47.58+0.22%, reducing sugar content reached 14.12+0.08%, and solubility reached 68.52+£0.18% after
hydrothermal process.
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1. Ddt van de

Tinh bot 12 loai carbohydrate tu nhién quan trong va la polyme
du trir cua thuc vat dugc tim théy nhiéu trong 14, than, qud, hat, cu
va 1é ciia cac loai cdy khac nhau. Tinh bot co ¥ nghia 16n vé mat
dinh dudng, dugc phﬁm va cong nghi¢p do céac déc tinh vat ly, hoa
hoc va chiic nang dinh dudng doc ddo ctia né nhd kha nang thuy
phan thanh glucose trong qua trinh tiéu hoa boi a-amylase. Qua
trinh oxy hoa trao doi chat cua glucose cung cp ning luong tirc
thoi duge st dung trong cac hoat dong trao ddi chit va cac hoat
dong té bao khac nhau [1]. Céc loai tinh bot tur nhién ¢ cu trac
dang hat va tinh thé phtrc tap, kich thudc khac nhau & cac loai thuc
vat khac nhau [2]. Tuy nhién, mdi loai tinh bot tw nhién cé nguf”)n
gbe khic nhau ciing ¢6 nhing dac tinh khac biét lién quan dén
thudc tinh chirc ndng va pham vi img dung. Cong nghé bién tinh
tinh bot nho sy bién doi vat ly, enzyme va hoa hoc thuong duogc
ap dung dé cai thi¢n dac tinh chirc nang cua tinh bot ty nhién co6
nguon gbe khac nhau. Trong do phuong phap vat ly (thuy phan
enzyme, nhiét 4 am, hap nhiét/lam ngudi, buc xa, song siéu 4m...)
¢6 thé tao ra nhimg thay doi vé hinh thai, cdu tric tinh thé va
vung v6 dinh hinh, 1am tdng ham lugng tinh bt khang RS3, day la
phuong phép than thién v6i moi truong va c6 thé mang lai cac dic
tinh chitc nang mong mudn [3].

Phuong phép tién xir Iy thity phan bing enzyme trong san xuét
tinh bot khang nhim cit nhanh amylopectin ma khong phai la
amyloza, trong do cac enzyme pullulanase va isoamylase thuong
dugc sir dung pho bién. Qué trinh thiy phan dong thoi enzyme
pullulanase va isoamylase co thé tac dong lén céc lién két a-(1,6)-
glycosidic tai cac diém nhanh trén cac phan tir amylopectin,
tlr d6 loai bo cac diém nhanh va lam ting ty 1¢ amylose so voi
amylopectin trong cdu trac tinh bot dan dén lam ting ham lugng
tinh bot khang RS3 [4]. Nhiéu nghién ctru d3 sir dung enzyme
pullulanase dé thuy phan cit mach nhanh amylopectin véi céc loai
nguyén liéu tinh bt khac nhau nhu ngd [5], gao [6], ddu Ha Lan
[7], san [8]... c4c két qua nghién ctru cho thay ham lwong tinh bot
khang RS3, d9 thuy phan, ham lugng duong khir va cac dac tinh
chtrc nang nhu d¢ hoa tan, o truong ng... phu thudc vao loai tinh
bot, ty 1€ tinh bot/ nudc, néng do enzyme, nhi¢t do va thoi gian
thily phan.

Trong khi bién tinh tinh bot bang phuong phap nhiét am
(HMT) ¢6 kha nang chuyén héa tinh bot tiéu hoa nhanh thanh tinh
bot ti€u hoa cham va tinh bt khang tiéu hoa. Co ché hinh thanh
tinh bot khang RS3 bang HMT lién quan dén sy pha v céu triic
tinh thé cua hat tinh bot va sy phan ly cdu trac xodn kép, sau do
1 su sdp xép lai cac tinh thé bi pha v&. Sy truong né ban dau va
kha néang di chuyen cua vung v6 dinh hinh do HMT géy ra thuan
lgi cho viéc sap xép chudi xoan kép va do d6 hinh thanh khang
RS3 [9]. Céc phuong phap xtr Iy nhiét dé san xuét tinh bot khang
RS3 hién nay thudc nhom thuy nhiét (xir Iy nhiét am, U nhiét, hép
nhiét) [10]. Qua trinh xtr ly thuy nhiét va sy hinh thanh RS3 phu
thudc vao nﬁ”)ng d¢ tinh bot, d§ thuy phan lién quan té1 ham lugng
amylose, d0 dai mach amylose va ché do nhiét (nhiét do va thoi
gian gia nhiét), sb lan (chu ky) xir Iy nhiét/lam mat, thoi gian va
nhiét do luu trir [10-12].
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Két qua thyc nghiém don yéu t6 qué trinh thiy phéan tinh bot
gao bang enzyme pullulanase dé san xuét tinh bt khang tiéu hoa
RS3 di xac dinh dugc: Co chét 1a tinh bot gao ham luong co chat
15% (w/w); pH 5,5-6,0; nhi¢t d¢ 55-57°C; thoi gian thuy phan 10
gio; nong do enzyme 20 NPUN/g (2,0%). Két qua xéac dinh dugc
ham lugng tinh bot khang RS3 1a 31,8%, amylose 49,56%, do thity
phan 5,53, d6 polyme hoa 343, d6 hoa tan nudc 28,7%, do truong
n6 8,93% [13]. Tiép theo, nghién ctru nay da khao sat lam gidu
ham lwong RS3 sau qué trinh thity phan enzyme pullulanase bing
phuong phap hip nhiét/lam nguéi 3 chu ky twong tmg ché do hap
nhiét (130°C, 60 phut)/1am ngudi, luvu trit (4°C, 18 gio) va thu duge
ham lugng RS3 trén 45%.

Muc tiéu cta nghién ciru ny 1a thuc nghiém da yéu va toi wu
héa mot sd yéu to cong nghé tién xir 1y tinh bot gao bang thily
phan enzyme pullulanase két hop qua trinh hép nhiét/lam ngudi 3
chu ky. Cac yéu t6 thyc nghiém gom ndng do enzyme pullulanase
(1,5-2,5%); nhi¢t d¢ thuy phan (52-58°C); thoi gian thuy phan (8-
12 gi¢). Cac ham muc tiéu thuc nghiém gém: ham luong tinh bot
khang RS3 (%), ham lugng duong khwr (%) va d¢ hoa tan (%).

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén vit liéu
2.1.1. Nguyén liéu

Bot gao gidng IR50404 ciia Cong ty TNHH Ché bién thyc
phim Hoa Phat (39/4F Ba Diém 8, 4p Nam Lan, xd Ba Diém,
huyén Hoc Mén, TP H Chi Minh). Tinh bot d dugc tinh ché
c6 ham lugng carbohydrate tong >90%, protein <0,5% va lipid
<0,02%, ham lugng amylose 29,14%, ham lugng tinh bot khang
RS3 2,92%, d6 4m 5% [14].

2.1.2. Vit liéu héa chat sir dung

Vitliéuhoa chat st dung: Enzym pullulanase (Promozyme*D2)
tir Bacillus acidopullulyicus ciia Novozymes (Biotechnology,
China), hoat d6 1.000 NPUN/g. Bo kit Megazyme (Ireland)
v6i 3 loai enzyme: a-amylase bén nhiét (Megazyme cat. no.
E-BLAAM, 10.000 U/ml véi co chét tinh bot tan), protease tinh
khiét (Megazyme cat. no. E-BSPRT, 50 mg/ml, ~350 tyrosine U/
ml), amyloglucosidase tinh khiét (Megazyme cat. no. E-AMGDF,
3.300 U/ml véi co chat 1a tinh bot tan). Cac hoéa chit phan tich
khac déu thude loai tinh khiét.

2.2. Phuwong phap nghién ciru
2.2.1. Phurong phép chudn bi mdu va tién hanh thi nghiém

+ Budc 1: Chuén bi mau thi nghiém da yéu t6 qué trinh tién
xtt Iy thity phn bing enzyme pullulanase véi cac diéu kién chung:
25g tinh bot gao/mau vé6i ciing ham luong co chat 15% (w/w), pH
5,5 dwoc ho hoa ¢ nhiét do 70°C trong thoi gian 30 phut trudce khi
tién hanh thuy phan bang pullulanase [13]. Cc thong s cia qua
trinh thuy phan enzyme (ndng do enzyme, nhiét do va thoi gian
thuy phan) dugc tién hanh theo quy hoach thyc nghiém da yéu
t6. Két thic qua trinh thily phan dugc bt hoat enzyme bang hip
130°C trong 30 phit.
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T Buoc2: Mau tjnh bot sau qua trinh thuy phén enzyme dugc
tien hanh qua trinh hap nhiét/lam ngudi 3 chu ky: hap nhiét (130°C,
60 phut)/lam nguéi va thoi gian luu trir (4°C, 18 gio).

Muc tiéu ciia cc thi nghiém da yéu t6 duoc phan tich tir céc
mau tinh bt sau qué trinh bién tinh (bude 1 va bude 2) vai 03 chi
tiéu d4nh gia gom ham lugng tinh bot khang RS3 (%), ham lugng
duong khur (%) va do hoa tan (%).

2.2.2. Phurong phdp quy hoach thiee nghiém da yéu to

Co'so 1ap luan chon bién va mién bién thién cua cac yéu t6 thuc
nghiém tir ket qua thye nghiém don yeu t6 [13]. Ké hoach thyc
nghiém da yéu t6 qua trinh tién x ly bang thily phan enzyme duoc
tién hanh theo quy hoach thyc nghiém cta Box-Behnken véi 3 bién
doc 1ap duge mi hoa (bang 1) twong tmg mién bién thién: Nong do
enzyme pullulanase, ky hi¢u X, (1,5-2,5%); Nhi¢t d6 thuy phan,

2.2.7. Thiét bi sir dung

Céan phan tich (BP 211D, Sartorius, Ptrc); may do pH (Model
C831, Turnhout, Bi); may quang phé (Thermo Scientific, My); ti
sy (Memmert, Birc); bé 6n nhiét thuong JSRC-13C (JS Research,
Han Quoc), bé 6n nhiét ¢6 1ic JSSB-30T (JS Research, Han Quoc),
ndi hap tw dong (Yuin, Viét Nam); may khudy tir gia nhiét (IKA,
buc)...

3. Két qua va ban luan
3.1. Két qud thuc nghiém da yéu 16

) S6 liéu thuc nghiém da yéu t6 duge duoc xi ly théng ké va
tong hop ¢ bang 2.

Bang 2. Téng hop két qua thwe nghiém da yéu té.

ky hiéu X, (52-58°C); Thoi gian thuy phan, ky hiéu X, (8-12 ngay). ~ TT X X X Y, Y, Y,
Cac ham muc tiéu thuc nghiém gom: ham lwong tinh bot khang RS3 1 LS 38 10 41,13 11,81 59,17
Y, (%), ham luong dudng khu Y, (%) va d hoa tan Y, (%). Giai 2 2 55 10 46,63 13,84 67,29
bal toan t0i wu bang phuong phap chap muc tiéu theo thuat toan 3 L5 52 10 44,34 12,68 63,59
“Ham mong doi” [15]. 4 2 52 8 4333 13,11 62,12
Bang 1. Ké hoach thyc nghiém theo bién ma hoéa va bién thuc. : 2 > : 42,01 e 60,52
6 2 58 12 43,96 13,03 63,65

s Mi

Bitn s6 Ky higu Bonvi uc 1 2 55 10 46,55 13,81 66,95
il 0 + 8 2 52 12 46,51 13,78 67,36
Néng do enzyme pullulanase X, % 1,5 2 45 9 1,5 55 8 40,51 12,31 51,37
Nhiét do thuy phén X, °C 52 55 S8 10 2,5 55 8 46,18 13,66 66,93
Thoi gian thuy phén X, gio 8 0 12 11 25 58 10 46,93 13,28 67,31
2.2.3. Phuong phap xac dinh ham lwong tinh bgt RS 12 2 3 10 4685 3,78 6131
13 2,5 55 12 46,56 13,97 67,48
Xac dmh ham hI’O’Ilg t\ll’lh bﬁt khéng RS3 theo phucmg phép 14 15 35 12 45,98 12,87 66,55
AOAC Method 985.29 bang bd kit cua Megazyme voi 3 loai 15 25 5 10 4661 1358 67,14

enzyme kem theo. Trong do, a-amylase va amyloglugosidase aé
thuy phan thanh phén tinh bot tiéu hoa thanh cac phan hoa tan,
protease aé thuy phan 2 enzyme da néu. Tién hanh két tia bang
con va rira dé loai bo nhing thanh phan hoa tan. San pham cudi
dgqc xdc dinh ham lugng tro va ham lugng protein dé hiéu chinh
ket qua [16].

2.2.4. Phuong phap xdac dinh ham lwong dwong khie

Thyec hi¢n theo TCVN 13076:2014 [17].

2.2.5. B¢ hoa tan

M?}u tinh bt (khoang 0,5 g bot kho) tron trong 30 ml nude
trong Ong ly tdm va tron ky bang mdy vortex. Sau khi lam nong
khoang 30 phut trong néi cach thuy 90°C ro1 dem ly tam 1.500
Vong/phut trong 30 phut Rot phan dich ndi vao mot dia nhom roi
say kho dé xac dinh phan bot trén dia. Tinh theo cong thirc sau:

Khoi luong tinh bot hoa tan sau sy (g)

Do hoa tan (%) = x 100 [18]

Khéi lrong miu ban dau (g)

2.2.6. Phweong phdp xi 1y 56 liéu

Sir dung phan mém Excel SPSS 18 dé phan tich va xit Iy thdng
keé. Két qua dugce xir 1y s6 liéu thue nghiém da yéu t6 va toi uu hoa
bang phan mém Design - Expert 7.1 [15, 19].

JHOAHOC -

Tién hanh xir 1y s6 liéu bang phan mém Design - Expert 7.1,
phén tich ANOVA kiém tra sy c6 nghia cta cac hé sb hdi quy
va su tuong thich cua cdc mé hinh thyc nghiém tuong tmg 3
ham muyc tiéu (Y, Y,, Y,) dugc tong hop & bang 3.

Bang 3. Két qua phan tich hdi quy cac ham muc tiéu Y, Y, Y,.

8 R HimY, HiamY, Him Y,

Nguon goc 5 S 2 S 5 o
Chuan F Gigtrip  Chuan F Giatrip  Chuan F  Gid tri p

M hinh 59,68 0,000 421,63  <0,0001 14442  <0,0001

A 198,96 <0,0001 195559  <0,0001 48534  <0,0001

B 43,55 0,0012 389,10 <0,0001 90,16 0,0002

© 115,7 0,0001 24041  <0,0001 32321  <0,0001

AB 24,18 0,0044 5470 0,0007 41,57 0,0013

AC 50,27 0,0009 10,52 0,0229 14695  <0,0001

BC 323 01323 4552 00011 878 0,0314

A 8,42 0,0337 58486  <0,0001 21,32 0,0057

B 54,74 0,0007 59091  <0,0001 119,55  0,0001

@ 50,47 0,0009 3731 0,0017 88,78 0,0002

Khong tuong thich 8,23 0,1103 2,08 0,3406 449 0,1874

Hé 50 xac dinh R? 0,9908 0,9987 0,9962

Hg s6 dicu chinh R, 0,9742 09963 09893

Hg s0 du bio R?, | 0,8619 0,9833 0,9455

99



3.1.1. Khdo sdt sue bién thién ciia ham Y,

Két qua phan tich hdi quy véi F-value=59,68 (p<0,05) cho thay,
md hinh la c6 y nghia théng keé véi do tin cay 99,99% (p=0,0001).
Swu c6 nghia cta cac hé $6 hoi quy dugc kiém dinh boi chuén F, cac
gi4 tri p<0,05 thé hién cac hé sb hoi quy A, B, C,AB, AC, A%, B,
C?1a 6 ¥ nghia thong ké, trong khi h¢ s0 BC (p>0,05) 1a khong ¢6
¥ nghia, tuy vay trong m hinh van giir lai hé s6 BC dé tién hanh
t0i wu hoa. Mat khac chuan F=8,23 (p>0,05) cho thay su khong
twong thich ciia mo hinh Y, 1a khong c6 nghia. H¢ s0 xac dinh (R?)
cia md hinh Y, 1a 0,9908 da mo ta 99,08% su thay doi ciia ham
muyc tiéu Y, phu thudc vao cac bién doc 1ap. Trong khi h¢ sb du
bao (Pred R Squared 0,8619) la twong thich véi hé s diéu chinh
(Adj R - Squared 0,9742).

Phuong trinh hoi quy ham Y, theo bién coded dugc ma hoa
(1a) v theo bién thyc (1b)

Y, = 46,68 + 1,79A - 0,84B + 1,37 C + 0,88AB - 1,27AC
-0,32BC-0,54A%-1,38B*- 1,33 C* (la)

Y =-448,634 - 738X, + 15,9738X, + 12,81917X, + 0,58833
XX, - 1,2725X X, -0,05375 X X, - 2,16833 X 2- 0,15356
X2- 033177 X2 (1b)

Quan sat hinh 1 (2D) va cac hé s6 hdi quy (1a) cho thdy, ndng
d6 enzyme 1a yéu t6 ¢6 anh huong 16n nhat, tiép theo 13 thoi gian
va nhiét d¢ thuy phan dén ham luong tinh bot khang RS3 trong
khodng bién thién 40,51-46,93%. Khi ndng do enzyme ting trong
khoang 1,5-2% thi ham lwgng RS3 c6 xu hudng tdng manh va

Design-Expert® Software

Su bién dong

Ham lugng RS3
® Ham lvong RS3

Actual Factors [}
A: Nong dé enzyme = 2.00

B: Nhigt d6 thdy phan = 55.00
C: Thoi gian thdy phan = 10.00

46.125 —|

4425 —

Ham lwong RS3

42375 —|

405 —

T T T T T
-1.000 -0.500 0.000 0500 1.000

Do léch so voi diém tham chiéu

Design-Expert® Software

Ham lvong RS3
® Design points above predicted value
o

46.93
40.51
X1 = A: Néng d6 enzyme
X2 = C: Thoi gian thdy phan

Actual Factor
B: Nhiét d6 thay phan = 55.00

Ham lwong RS3

9.00

C: Thoi gian thiy phan
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tiép tuc ting cham dan trong khoang 2-2,5%. Trong khi nhiét do
thuy phéan tang trong khoang 52-55°C thi ham luong RS3 tang dan
déu va ¢6 xu hudng giam dan trong khoang tir 55-58°C. Mit khac
thoi gian thiy phan 8-10 gio thi ham lugng RS3 ¢6 xu hudng tang
manh, toc do ting giam dan trong khoang 10-12 gio tlep theo. Theo
nghién ctru cia K.Y. Lee va cs (2010) [6] thity phan bing enzyme
pullulanase trén co chat tinh bot gao ham luong 10% (w/v) nhiét
6 57,5°C, ndng 4o enzyme 0,9-4,8% cho thiy mirc do thuy phan
dat duogc the”ip nhat 13 0,24% & néng d6 enzyme 1a 0,9% sau 8 gio
va cao nhat 1a 10,2% & nong do enzyme 4,8% 6 24 gio, sau 24 gio
muc do thuy phan chiing lai. Qua trinh thuy phan lam giam ty 1¢
tinh bot tiéu hoa nhanh (tir 78,31 xudng 44,65%), trong khi ting
ty 1€ tinh bot ti€u hoa cham (tr 0,8 1én 22,18%) va tinh bt khang
RS3 ting tir 20,79 1én 34,43%. Diéu nay la phi hop vai két qua
nghién ctru vé anh hudng ciia ndng do enzyme va thoi gian thuy
phan dén ham lugng RS3, diém khéc biét vé muc d¢ thuy phan la
do mién thyc nghiém cia nong d6 enzyme va ty 18 ham luong co
chat khac nhau din dén sy chénh léch 16n vé thoi gian thuy phan.

3.1.2. Khdo sdt su bién thién ciia ham Y g

Két qua phan tich hdi quy voi F-value=421,63 (p<0,05)
cho thay, mo hinh 14 ¢6 ¥ nghia théng ke voi do tin cdy 99,99%
(p<0 0001). Sy ¢6 nghia cta cac hé s6 hoi quy duoc kiém dinh boi
chuan F, cac gi4 tri p<0,05 thé hién céc hé s6 hoi quy A, B, C, AB,
AC, BC, A% B?va C? déu co y nghia thong ké. Mt khac, chuan
F=2,08 (p>0,05) cho thay su khong tuong thich cia m6 hinh Y, 1a
khong c6 nghia. Hé s0 xc dinh (R?) cia m6 hinh Y, 13 0, 9987 da
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m(} ta 99,87% su thay doi cﬁa ham myc tiéu Y, phu thude vao cac
bién dgc 18p. Trong lghi he s0 du bao (Pred R - Squared 0,9833) 1a
tuong thich véi hé so dicu chinh (Adj R - Squared 0,9963).

Phuong trinh hoi quy ham Y, theo bién coded di dugc ma hoa
(2a) va theo bién thyc (2b):

Y, = 13,81 + 0,6A - 0,27B + 0,21C + 0,14AB - 0,062AC
- 0,13BC- 0,48A% 0,49B% 0,12C? (2a)

Y, = -162,1225 + 4,365 X, + 589542 X, + 2,03479 X,
+0,005 X X, - 0,0625 X X, - 0,021667 XX, - 1,194
X 2-0,054167 X 2- 0,030625 X 2 (2b)

Quan st hinh 2 (2D) va cac hé sb hdi quy (2a) cho thay, nong
do enzyme 13 yéu t6 c6 anh huong 16n nhat, tiép theo 13 nhiét do
va thoi gian thay phan dén ham luong dudng khi bién thién trong
khoang 12,31-13,98%. Khi nong do enzyme ting trong khoang
1,5-2% thi ham lugng duong khir taing manh va c6 xu huéng ting
cham dan khi ting ndng do dén 2,2% va sau do gan nhu ham luong
duong khtr khong tang trong khodng 2,2-2,5%. Trong khi nhiét d§
thuy phén tang trong khoang 52-55°C thi ham luong dudng khur
ting dan déu va c6 xu hudng giam manh trong khoang 55-58°C.
Mit khac ham lugng duong khir tdng theo thoi gian thily phan voi
mirc ting dan déu 8-11 gid va c6 xu hudng ting cham dan khi kéo
dai thoi gian thity phan dén 12 gid. Ciing theo nghién ctru cua K.Y.
Lee va cs (2010) [6] cho thiy mirc d6 thity phan dat duoc thip nhat
140,24% & nong d enzyme 1a 0,9% sau 8 gio va cao nhat 1a 10,2%
& nong do enzyme 4,8%, diéu ndy chimg t6 ndng do enzyme 13 yéu
t6 c6 anh huong manh nhat, trong khi mitc d6 thity phan c6 quan
h¢ ty 1€ thudn voi ham lugng duong khu.

Sy bién dong
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3.1.3. Khdo sdt su bién thién ciia ham Y,

Két qua phan tich hoi quy véi F-value=144,42 (p<0,05) cho
thdy, mo hinh 1a c6 ¥ nghia thong ké vdi d tin cay trén 99,99%
(p<0,0001). Sy c6 nghia ctia cac hé s6 hdi quy dugce kiém dinh boi
chuan F véi céc gia tri p<0,05 thé hién cac hé s6 hoi quy A, B, C,
AB AC, BC, A%, B, C? du ¢6 y nghia thong ké. Mit khac chuén
F=4,49 (p>0,05) cho thay, su khong tuong thich cia mo hinh Y, la
khong c6 nghia. Hé so xac dinh (R?) ctia m6 hinh Y, 13 0,9962 da
mo ta 99,62% sy thay d6i cia ham muc tiéu Y, phu thuoc Vao cac
bién doc lap. Trong khi hé $6 du bao (Pred R - Squared 0,9455) 1a
twong thich voi hé s6 diéu chinh (Adj R - Squared 0,9893).

Phuong trinh hoi quy Y, theo bién coded da dugc mi hoa (3a)
va theo bién thyc (3b) nhu sau:

Y, = 67,18 + 2,77A - 1,19B + 2,26C + 1,15AB - 2,16AC -
0,53BC-0,86A%- 2,038~ 1,75 C (3a)

Y, = -678,75213 - 1,26833X, + 23,70593X, + 19,00875X,
+0,765X X, - 2,1575X X, - 0,087917 X X, - 342167 X 2
-0,022505X 2- 0,43635 X 2 (3b)

Quan sat hinh 3 (2D) va cac hé s6 hdi quy (3a) cho thiy, nong
do enzyme 13 yéu t6 c6 anh huong 16n nhat, tiép theo 1a thoi gian
va nhiét d thiy phan dén do hoa tan trong khodng bién thién
57,37-67,48%. Khi ndng do enzyme tang trong khoang 1,5-2%
thi d6 hoa tan ting manh va ¢ xu huéng ting cham dan khi ting
nong do enzyme 2-2,5%. Trong khi nhiét d¢ thity phan ting trong
khoang 52-55°C thi d6 hoa tan ting dn déu va c6 xu hudng giam
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Hinh 2. Biéu dién 2D va 3D quan hé giira cac yéu té thwc nghiém dén ham muc tiéu Y,
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Hinh 3. Biéu dién 2D va 3D quan hé giira cac yéu té thwe nghiém dén ham muc tiéu Y,.

manh trong khoang tir 55-58°C. Mit khac d¢ hoa tan tang dan déu
trong khoang thoi gian thiy phan tir 8-10 gio, sau d6 ¢6 xu hudng
tang cham dan dén 11 gio, sau 11-12 gio d¢ hoa tan chiing lai.

3.2. Téi wu héa qud trinh thiiy phin bing enzyme

Két qua khao sat da yéu td cho thiy sy bién thién cua cac yéu t
thuc nghiém thong qua sy thay doi cac thudc tinh c6 lién quan dén
cac ham muc tiéu theo chiéu huéng mong muon va nguoc lai la
dicu kién rang budc trén co so thuong luong duge dua ra ¢ bang 4.

Bang 4. Diéu kién rang buédc cla cac yéu td6 va muc tiéu thuc
nghiém.

Yéu tb Muc tiéu mong doi H¢ sb quan trong

Nong d6 enzyme pullulanase (%) 2,0-2,5% Hg s quan trong 5/5
Nhiét d¢ thuy phan (°C) 52-55°C Hé s6 quan trong 4/5
Thoi gian thuy phan (gio) 10-12 gio Hé s6 quan trong 4/5
Ham luong tinh bt khang RS3 (%) ~ Gié tri I6n nhat Hé 56 quan trong 5/5
Ham lugng dudng khir (%) Gia tri 16n nhét Hé 56 quan trong 4/5
D6 hoa tan (%) Gié tri 16n nhét Hé s6 quan trong 4/5

Thong qua hé sé quan trong theo mirc do anh hudng cia
cac yéu t6 thue nghiém dugc lya chon uu tién: n6ng do enzyme
pullulanase (5/5), nhiét d9 thiy phan (4/5) va thoi gian thuy phan
(4/5). D6i v6i cac ham muc tiéu thi vu tién ham luong tinh bot
khang RS3 (5/5), trong khi ham lugng dwong khir va d¢ hoa tan
chon murc wu tién thap hon (4/5), didu nay dong nghia voi viée uu
tién va mong doi kha nang lam giau tinh bot khang RS3 cao nhat
voi chi phi st dung enzyme thip nhat va chdp nhan céc yéu td
nhiét do va thoi gian xt ly.
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Tién hanh xir Iy s6 liéu t5i wu hoa bang phin mém Design - Expert
7, két qua da xac dinh dugc phuong an toi wu nhu sau (bang 5):

Bang 5. Cac yéu té thwc nghiém va cac ham muc tiéu dat dwoc.

Cac ham muc tiéu dat dwge

Ham lugng tinh bt khang RS3: 47,51%
Ham luong duong khu: 14,04%

D0 hoa tan: 68,49%

Céic yéu tb thue nghiém

Néng do enzyme pullulanase: 2,22%
Nhit do thiy phan: 54,39°C

Thoi gian thuy phan: 10,35 gio

Trong khi muc tiéu mong doi ciia mo hinh thuc nghiém
thé hién & hinh 4:

Nong do enzyme 1
Nhiét d thiy phan 1
Thoi gian thily phan
Ham lwong RS3

1m luong duong khir
D hoa tan

Conbined

1 1 1 1 1
000 0250 0500 o7 100

Hinh 4. Mirc do dap trng sw mong doii.

Vi 3 yéu tb thuc nghiém gdm nong do enzyme pullulanase,
nhiét d¢ va thoi gian thuy phan dap tmg sy mong doi twong ng
dat dugc 100%, tuong tng cac ham muyc tiéu ham lugng tinh bt
khang RS3, ham luong duong khir va do hoa tan déu dap tmg
100% so v6i mong doi, dong nghia v6i muc tidu chung cia md
hinh thyc nghi¢m dap tmg 100% sy mong doi.
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Tién hanh thyc nghiém lai vdi cac yéu t6 thue nghiém duoc lya
chon lan can diém t6i wu v6i ndng d6 enzyme pullulanase 2,2%,
nhiét do thuy phan 54,4°C, thoi gian thiy phan 10,4 glor ¢ cung
diéu kién chung theo ké hoach thyc nghiém da yéu t6. Két qua thuc
nghiém véi 3 1an lap lai ldy gia tri trung binh twong tmg cic ham
muc tiéu dat dugc: Ham lugng tinh bot khang RS3 47,58+0,22%,
ham lugng duong khtr 14,1240,08% va dg hoa tan 68,52+0,18%.
So sanh gia tri thyc nghiém véi mo hinh t61 wu thi 3 ham muc tiéu
ddu 6 su sai léch c6 nghia thong ké (p<0,05), didu nay cho thiy,
mo hinh i wu 1a phit hop véi thic nghiém.

Theo K.Y. Lee va cs (2010) [6] sir dung phuong phap tién xir
Iy bang thuy enzyme pullulanase ciing véi tinh bot gao c6 ham
lugng 10% (w/v), nhiét d6 57,5°C, n6ng d6 enzyme 0,9-4,8%, da
xéc dinh duoc nong do enzyme 4,8% trong thoi gian 24 gio, ty 18
tinh bot tiéu hoa nhanh giam (tir 78,31 xudng 44,65%), trong khi
tang ty 1¢ tinh bot tiéu hoa cham (tir 0,8 1én 22,18%) va tinh bt
khang RS3 tang tir 20,79 1én 34,43%. So v6i két qua tdi wu hoa sir
dung ndng do enzyme thap hon (2,2%) tuy vay ham luong RS3 dat
cao hon (47,58+0,22%), thoi gian thity phan ngan hon (10,4 gio).
Piéu nay cho thdy, sy khac biét trong nghién ctru tién xir Iy bang
enzyme pullulanase két hop qué trinh hap nhidt/lam ngu01 3 chu
ky 1a c6 hiéu qua lam giau ham lugng RS3, mét khac giam chi phi
str dung enzyme va tiét kiém thoi gian san xuét.

Trong khi cdc nghién ctru khac véi ciing phuong phép tién xir
1y bang thity phan enzyme pullulanase cho céc loai tinh bot khac
nhau nhu H. Zhang va cs (2011) [5] thuy phén tinh bot ngd voi ham
lugng co chét 5% (w/v), nong do enzyme 1,2%, pH 4-5,5, nhiét do
42-52°C thi ham lugng RS3 t6i da dat toi da 40,2% & nhiét do 46°C.
Z.H. Lu va cs (2018) [7] thay phan tinh bot ¢du Ha Lan két hop xir
1y siéu am. Két qua xéac dinh dugc nong do enzyme 2,67%, nhiét do
50°C, pH 5,2 két hop voi xtr Iy siéu 4m trong 6 gid d tao ra duoc
18% tinh bot tiéu hoa cham va 26% tinh bot khang RS3. Khi ting
néng d6 pullulanase 1én 13,35% thi tinh bdt khang RS3 tang nhe
nhung tinh bgt tiéu hoa chdm giam. N. Vatanasuchart va cs (2010)
[8] thity phén tinh bot sin, két qua xac dinh dugc ¢ pH 5,0, ham
luong co chat 10%, nong do pullulanase 10% trong 8, 16 va 24 gio
cho thdy ¢ su gia ting dang ké ham luong RS3 lan luot 1 41,2,
45,8 va 42,5% so v6i tinh bot sin ho héa (9,2%). Piéu ndy cho
thiy, phuong phap tién xur ly thuy phan bing enzyme pullulanase
1 c6 hiéu qua vé kha ning cat mach nhanh amylopectin cho nhiéu
loai tinh bot ty nhién khac nhau. Qua trinh thiy phan co thé tac
dong 1én céc lién két a-(1,6)-glycosidic tai cac diém nhanh trén
cac phan tir amylopectin, tir d6 loai bo céc diém nhanh va lam tang
ty 18 amylose so voi amylopectin trong cau triic tinh bot dan dén
lam tang ham luong tinh bot khang RS3. Tuy vay, dé sir dung 6
hiéu qua lugng enzyme pullulanase cho moi loai tinh bot can thuc
nghiém tdi wu hoa cac thong sb ciia qua trinh thity phan.

4. Két luan

Két qua thye nghiém da yéu t va géi uu hoa da xac dinh
duoc ché dg toi vu tién xr ly thily phan bang enzyme pullulanase
o dicu kién he‘lm‘lu’qng tinh bot/mude 15%, pH 5,5 tru(:yc qué
trinh thiy nhiét bang hap nhiét/lam ngudi 3 chu ky, vdi nong do

JHOAHOC -

enzyme 2,2% & nhiét do 54,4°C trong thoi gian 10,4 gio, tuwong
ung ham lugng tinh bot khang RS3 dat 47,58+0,22%, ham lugng
duong khtr dat 14,1240,08% va do hoa tan dat 68,52+0,18% sau
qua trinh thuy nhiét.
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