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Tém tit

Tinh bt khang 1a loai tinh bot khong bi ti€u hoa & rudt non ma duge Ién men bdi vi khuin & rudt gia, giup cai thién
hé vi sinh dudng rudt va kiém soat duong huyét. Chubi xanh 1a ngudn cung cip tinh bot tw nhién doi dio, gidu chat xo va
cac dudng chét, duoc biét dén vai nhidu loi ich cho stre khoe. Nghién ctru nay dugc thyc hién nhim xéac dinh céc diéu
kién t6i vu dé tang ham lugng tinh bot khang trong bot chudi xanh bang enzyme pullulanase, sir dung phuong phéap dap
ung bé mat voi md hinh Box-Behnken. Cac diéu kién t6i wu duge xac dinh 1a thoi gian thuy phan 16 gio, ti 1¢ bot:nudc
1:19, néng d6 enzyme pullulanase 8 U/g, nhiét d6 50°C va pH 5, v&i ham lugng tinh bt khang dat 52,47% trong cac diéu
kién nay. Phan tich SEM cho thiy sau khi xtr 1y véi enzyme pullulanase, kich thudc hat tinh bt chubi xanh giam tir
khoang 25 pm xudng con tir 8,70 dén 11,85 um. B& mit hat tré nén gd ghé hon va cac hat tinh bot két dinh v6i nhau,
chimg t6 sy xodn ctia cac mach amylose, dan dén sy gia ting tinh bot khang. Kha ning truong nd ctia bot chudi xanh sau
khi lam giau tinh bot khang ciing giam dang ké, chimg t6 sy gia ting ham lugng amylose. Tom lai, nghién ctru nay da
thanh cong trong viéc t6i wu hoa cac didu kién dé ting ham lugng tinh bot khang trong bt chudi xanh, mé ra trién vong
g dung trong cac san pham thyc pham chtrc nang va dinh dudng.

Tir khéa: bot chudi xanh; enzyme pullulanase; phuong phap dap tmg bé mat; tinh bot khang; ti wu hoa.
Abstract

Resistant starch (RS) is a type of starch that is not digested in the small intestine but is fermented by bacteria in the
large intestine, thereby improving gut microbiota and controlling blood glucose levels. Green bananas are a rich natural
source of starch, fiber, and nutrients, known for their numerous health benefits. This study aims to determine the optimal
conditions to increase the resistant starch content in green banana flour using pullulanase enzyme, employing the response
surface methodology with a Box-Behnken design. The optimal conditions identified were a hydrolysis time of 16 hours,
a flour-to-water ratio of 1:19, a pullulanase enzyme concentration of 8 U/g, a temperature of 50°C, and a pH of 5, resulting
in a resistant starch content of 52.47%. SEM analysis revealed that after treatment with pullulanase enzyme, the size of
the green banana starch granules decreased from approximately 25 um to between 8.70 and 11.85 pm. The surface of the
granules became rougher, and the starch granules adhered to each other, indicating the twisting of amylose chains, leading
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to increased resistant starch. The swelling power of green banana flour enriched with resistant starch also significantly
decreased, indicating an increase in amylose content. In conclusion, this study successfully optimized the conditions to
increase the resistant starch content in green banana flour, opening up prospects for its application in functional and

nutritional food products.

Keywords: green banana flour; pullulanase enzyme; response surface methodology; resistant starch; optimization.

1. Giéi thiéu

Tinh bot khang (resistant starch, RS) 1a loai
tinh bt khong bi phan giai bdi cac enzyme ti€u
hoéa trong rudt non va do dé di vao rudt gia ma
khong bi ti€u hoa [1]. Cac 1gi ich suc khode cua
tinh bot khang bao gém viéc 1am giam nguy co
méc cac bénh man tinh nhu tiéu duong, bénh tim
mach va bénh 1y vé tiéu hoa. Tinh bot khang con
c6 kha nang cai thién sttc khoe duong rudt, dac
biét 13 dai trang, bang cach ting cudng san xut
cac acid béo chudi ngin thong qua qua trinh 1én
men trong rudt gia, tr do tao modi truong thuan
loi cho vi khuan c6 loi phét trién [1, 2].

Tinh bot khang dwoc chia thanh bbn loai
chinh: RS1, RS2, RS3 va RS4 [1]. RS1 Ia dang
tinh bot khang do cdu trac vét 1y cua thuc pham
ngin can enzyme tiép can; RS2 Ia tinh bot khang
tw nhién co ciu trac hat tinh bot chit ché, khong
dé bi phan giai boi enzyme tiéu hoa; RS3 1a tinh
bot khang hinh thanh ttr qua trinh lam lanh hoac
xu 1y nhi¢t; va RS4 1a tinh bot khang dugc tao ra
bang cach bién ddi hoa hoc. Trong d6, RS3 dugc
quan tdm nhiéu nhit do kha ning chiu nhiét va
6n dinh trong qué trinh ché bién thyc pham [3].

Chudi xanh (Musa spp.) 1a mot ngudn cung
cap tinh bot khang phong pht, dic biét 1a tinh
bot giau amylose. Nghién ctru ctia Jiang va cong
su [4] cho théy tinh bot chudi xanh c¢6 ham lugng
amylose cao nhét 1én t&i 30% & mot s6 gidng nhur
Musa coccinea va Williams Banana. Ham lugng
amylose cao nay gop phan vao viéc hinh thanh
cac cAu tric tinh thé chat ché sau khi tinh bot
duoc xu ly bﬁng enzyme, tur d6 tao ra tinh bot
khang loai 3 (RS3) c6 kha nang chiu duogc su
phén gidi cua enzyme tiéu hoa [3].

Pullulanase l1a enzyme c6 kha nang phan giai
mach nhanh ctia amylopectin trong tinh bdt, tur
do giai phong cac mach amylose tu do [5]. Su

phan giai nay tao diéu kién thuan loi cho qua
trinh tai cu trac tinh bot khi 1am lanh, gitp hinh
thanh cac tinh thé RS3. Nghién ctru ctia Leong
va cong su [6] da chi ra rz‘“mg viéc su dung
enzyme pullulanase tinh khiét c6 thé tao ra tinh
bot khang v6i hiéu suat cao. Tuy nhién, enzyme
pullulanase tinh khiét c¢6 gia thanh cao, diéu nay
han ché viéc tmg dung vao quy mé cong nghiép.

Viéc st dung enzyme pullulanase cong
nghiép thay thé cho enzyme tinh khiét c6 thé 1a
mot giai phap kinh t& hon dé san xuét tinh bot
khang tir chudi xanh. Nhiéu nghién ctru da chi ra
rang enzyme pullulanase cong nghiép co thé
dugc str dung hiéu qua trong viéc thily phan tinh
bot tir san, ngd va khoai tay dé san xuat RS3 [7-
9]. Tuy nhién, cac nghién ciru vé tng dung
enzyme pullulanase cong nghiép ddi véi tinh bot
chudi xanh van con han ché, va can thiét phai
tién hanh cac nghién ctru danh gia hiéu qua va
t6i wru hoa quy trinh nay. Muc tiéu cua nghién
ctru ndy 1a tdi wu héa quy trinh thiy phan tinh
b6t tir chubi xanh bang enzyme pullulanase cong
nghiép dé san xudt tinh bot khang.
2. Nguyén li¢u va phuwong phap nghién ctiru
2.1. Nguyén liéu

Chubi gia Nam My (Musa aaa Cavendish cv
Nanica) 3 thang tudi duoc mua truc tiép tir cong
ty Thach Thanh Céng, Thanh phd H6 Chi Minh.
Nhitng qua chudi xanh dat kich thugc tir 15 - 22
cm, duong kinh tir 3 - 3,8 cm, khong bi dédp nat,
sdu bénh hodc nhiém nidm méc. Sau khi mua,
chubi dugc boc vo va thai lat day 2 - 3 mm, ngdm
trong dung dich acid citric 0,5% trong 20 phut.
Céc 14t chudi sau d6 duoc vot ra dé rao, roi sfiy
¢ nhi¢t do 80°C trong 3 gid (UF450plus,
Memmert, Pirc). Cudi cung, mau chudi duogc
nghién min va sang qua riy 200 mesh dé tao
thanh bot chubi xanh. Quy trinh nay duoc tom
tit trong Hinh 1.
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Nghién va loc qua ray
200 mesh

Siy 80°C trong 3 giv

Hinh 1. Quy trinh thu nhan bt chubi xanh

Ngoai ra, enzyme pullulanase da dugc thu
nhan tu chang Bacillus licheniformis cua
Biozyme (Thanh phd H6 Chi Minh, Viét Nam).
Céc hoa chit gdbm amyloglucosidase, a-amylase,
glucose oxidase plus peroxidase (GOPOD),
D-glucose, sodium hydroxide (NaOH), calcium
chloride dihydrate (CaCl».2H>0O), potassium
hydroxide (KOH), sodium azide (NaN3) va
acetic acid (CH3COOH) da dugc mua tir Merck
(Darmstadt, Buc).

2.2. Thiiy phén bét chudi xanh bang enzyme
pullulanase

Mau bot chubi xanh duoc bd sung nudc cAt
voi ty 1€ bot : nude (w/w) 1a 1:10, 1:15 va 1:20.
Sau d6 cac mau duoc hd hoa & 100°C trong 10
phat. Bé ngudi ¢ nhiét d6 phong, diéu chinh pH
vé 5,0. Sau d6, bd sung enzyme pullulanase (2,
6 va 10 U/g) va duy tri ¢ nhiét d6 50°C trong thoi
gian thiy phan (8, 16 va 24 gid). Bat hoat
enzyme pullulanase ¢ nhi¢t do 90°C trong thoi
gian 5 phut. Sau do, mau dugc lam lanh va bao
quan ¢ nhiét do -18°C trong 24 giér dé thuc hién

viéc thoai héa tinh bot. Sau khi két thuc qué trinh
thoai hoa, mau dugc rd dong ¢ nhiét do phong va
sdy kho & nhiét d6 80°C trong 3 gior dé thu lai
bot. Luu trit mau bot trong bao bi polyethylene
(PE) va dem di phan tich.

2.3. Thiét ké thi nghiém theo phwong phdp ddp
irng bé mat

Phuong phap dap Gmg bé mit (Response
Surface Methodology - RMS) da dugc st dung
dé du doan cac diéu kién tbi wu cta viéc tao ra
bot chudi xanh giau tinh bot khang. Thiét ké thir
nghiém va phan tich théng ké duogc thuc hién
bang phan mém Design-Expert (phién béan
11.0.4.0, Stat-Ease Inc., Minneapolis, MN,
USA). Trong nghién ciru nay, bd tri thi nghiém
mo hinh héa dugc thuc hién dua theo mo hinh
Box-Behnken (BBD) véi ba thong sb thoi gian
(X1), ti 1& bot : nude (X2) va ndong d6 enzyme
pullulanase (X3) 13 cac bién doc lap va ham
luong tinh bot khang (Y) 1a dap g phu thudc,
phuong trinh hoi quy da thirc duge 4p dung dé
xudt nhu sau:

y = BO+ZBIX +ZB“X +z z BXiX; + e

i=1 j=i+1
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Trong do: Y la bién phu thudc, Bo 1a h¢ $6
chan; Bi 1a hé ) phuong trinh bac 1, Bii 1a hé )
phuong trinh bac 2 cua bién X;, Bi; 13 hé sb twong
tac va e 1a sai s6 ngau nhién. Phan tich phuong
sai (ANOVA) di duoc thuc hién dé danh gia
hiéu qua ctia hé thong mé hinh hoa.

2.4. Phwong phap phdn tich ham lwgng tinh
bot khang

Ham luong tinh bot khang trong bot chudi
xanh dugc tién hanh theo phuong phap AOAC
2002.02 [10]. MAu bot dé kho & nhiét d6 phong,
can chinh xac 100 + 5 mg. B6 sung 4 mL enzyme
gdbm o-amylase (néng d6 10 U/mL) va
amyloglucosidase (ndng d6 3 U/mL, thity phan
trong 16 gio & 37°C trong tu lic (200 vong/phut).
Thém 4 mL ethanol 99% va lac manh, ly tam
1500 vong/phat trong 10 phat (1ap lai 2 lan).
Tach bo phan dich ndi, bo sung 2 mL dung dich
KOH 2M vio phan cin, lic déu trong 20 phiit,
thém 8 mL dém natri acetate 1,2 M (pH 3,8) va
0,1 mL enzyme amyloglucosidase (nong do 300
U/mL), sau d6 u 50°C trong 30 phut. Dinh muc
hdn hop t6i 100 mL. Hat 0,1 mL tir binh dinh mirc
vao 6ng nghiém, bd sung thém 3 mL thudc thir
glucose oxidase/peroxxidase (GOPOD) va u ¢
50°C trong 20 phit. Pem hdn hop do OD & bude
song 510 nm. Ham lugng tinh bdt khang duoc
tinh theo cong thirc:

Tinh bot khang = AE x F x 100/0,1 x 1/1000
x 1/W x 162/180 = AE x 90

Trong d6: AE: 1a d6 héap thu cia mau

F: 1a gia tri ciia chuyén ddi gia tri hap thu tr
1 nug glucose

F = 100 pg glucose/gia tri hap thu cho 100 pg

100/0,1: hiéu chinh thé tich (0,1 mL lay ra tir
100 mL)

1/1000: chuyén di tir microgram sang miligram

W: 1a khéi luong kho cua mau, W = khéi
luong x [(100-dd am)/100)]

100/W: chi s biéu thi phan trdim tinh bot
khang trong khoi lugng ciia mau thir

162/180: hé s6 chuyén d6i tir glucoza thanh
tinh bot
2.5. Phwong phdp xdc dinh hinh dang ciu triic
ciia bét chudi xanh

Hinh thai bot chudi xanh duoc xac dinh bang
k¥ thuat kinh hién vi dién tor quét (SEM, Zeiss,
Oberkochen, Puc). Mau bot chudi xanh dugc
phan tan déu trén tape cacbon. Tiép theo, mau
dugc phu 16p dan dién 1én vat liéu bang thiét bi
phtt mau SC7620 (Quorum, Anh) trong thdi gian
15 gidy. Sau d6, miu dugc chuyén vao budng
phan tich chan khong va tién hanh phan tich trén
thiét bj kinh hién vi dién tir quét (Zeiss, Puc), sir
dung dau do dién tir thir cap (SE) v6i do phong
dai 10x - 1000000x va thé gia tdc tir 5 - 30 kV.
2.6. Phuwong phap xdc dinh kha nang truwong
né ciia bgt chuéi xanh

Kha ning truong né ciia bot chudi xanh dugce
xac dinh theo phuong phap dugc moé td boi
Izidoro va cong sy [11] v6i mot vai diéu chinh.
Cho 0,2 g bot duge chuan bi trong dng nghiém.
5 mL dung dich AgNOs 0,1% dugc thém vao
thay cho nudc ct dé vo hoat enzyme a-amylase.
Sau d6, hon hop duge dun trong 10 phut & cac
nhiét d6 50°C, 60°C, 70°C, 80°C va 90°C. Tiép
theo, hdn hop dugc ly tAm tach nude trong 4 phit
& tbe d6 1700 vong/phut. Cubi cung, can khdi
luong phan ling trong 6ng ly tdm, kha ning
truong nd duge xac dinh 13 phan ling dong con
lai so v6i mau ban dau (g/g).

3. Két qua va thao luin

3.1. Tic dpng va mé hinh héa cdic diéu kién
thity phdn bét chuéi xanh bing enzyme
pullulanase dén ham lwong tinh bt khding
Diéu kién t6i vu cua cac yéu tb tac dong dén
ham luong tinh bot khang trong bot chudi xanh
dugc xac dinh bang phuong phiap RSM-BBD
v6i ba bién bao gdm thoi gian thuy phan, ti 18
bot : nudc va nong do enzyme pullulanase 1an
luot 12 X;, X» va X;3. Thi nghiém duoc bb tri véi
17 nghiém thtrc c6 5 nghiém thurc trung tdm, ham
muc ti€u 1a ham lugng tinh bt khang thu dugc
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(Y, %). Trong nghién ciru nay, khoang tdi wu
duogc thuc hién 1a X; (8 - 24 gi0), X2 (1:10 - 1:20,
w/iw), X3 (2 - 10 U/g), két qua cac nghiém thirc
duoc trinh bay chi tiét trong Bang 1. Dya trén

ham luong tinh bdt khang thu dugc tir cac thi
nghiém, cho thdy ham luong tinh bot khang
trong bot chudi xanh cao nhit dat 58,09% va
thap nhét dat 31,45%.

Bang 1. Két qua t6i uu hoa qua trinh thu nhén bt chubi xanh giau ham luong tinh bot khang
bang enzyme pullulanase

Cac yéu t6 khao sat Hamkllllr;)’;lg (tol/:)l)h bot
MAu Thoi gian Ti 18 Nong dd ]
X1 | X2 | X3 s bot:nwéc enzyme Thuec te Du doan
(8i9) (wiw) (Ul
1 0 1 1 16 1:20 10 56,10P 53.37
2 0 | -1 ] -1 16 1:10 2 31,454 34.18
3 0 | 0] O 16 1:15 6 49,828 50.99
4 -1 -1] o0 8 1:10 6 32,84P 30.48
5 0| 0] o0 16 1:15 6 50,17° 50.99
6 0] 0] o0 16 1:15 6 48,341 50.99
7 1 0 | 1 24 1:15 10 58,09° 58.46
8 -1 1] o0 8 1:20 6 39,19™ 39.72
9 1 | -1]0 24 1:10 6 43,00¢ 42.47
10 0 1| -1 16 1:20 2 48,56" 48.4
11 -1 )0 |1 8 1:15 10 33,13° 35.33
12 0 | -1] 1 16 1:10 10 42,25 42.41
13 | -1]0]-1 8 1:15 2 36,90 36.53
14 0] 0] o 16 1:15 6 52,36° 50.99
15 1 0 | -1 24 1:15 2 46,291 44.08
16 1 1| o0 24 1:20 6 56,05¢ 58.41
17 0| 0] o0 16 1:15 6 54,284 50.99

Cdc gia tri co chir cdi khac nhau trong cot ham lwong tinh bot khang thuc 1é
biéu thi sy khdc biét dang ké ¢ mirc y nghia p < 0.05.

Két qua phan tich phuong sai, duoc trinh bay
trong Bang 2, cho thiy mé hinh nay c6 y nghia
v6i hé s6 xac dinh twong quan R2=0,9815. Piéu
nay cho thay 98,15% phuong sai ciia ham luong
tinh bot khang c6 thé duge giai thich bai cac yéu
td khao sat, chung té sb liéu thuc nghi¢m phu
hop v6i s6 liéu mo hinh. Do chinh xac day du

(Adeq Precision) thé hién mot ti 1é tin hiéu trén
nhiéu véi gia tri mong mudn 16n hon 4, ty 1¢
20,72 cua khao sat cho thidy mot tin hiéu thich
hop. M6 hinh nay c6 thé duoc str dung dé diéu
hudng khong gian thiét ké va c6 y nghia thong
ké voi do tin cay trén 95% (Bang 2).

Béng 2. Thong ké mirc ¢ phu hop ciia thi nghiém t5i wu hoa

Std. Dev. Mean

CV.%| R

Adeq Precision

2,89 45,81

10,55

0,9815 20,72

H¢ s6 hoéi quy cua tung bién, hi¢u qua tuong
tac tuyén tinh gitra cac yéu to va gia tri bac hai,
cung vdi cac gia tri F va p, dugc trinh bay trong

Bang 3. Két qua phan tich ANOVA ctia mé hinh
ham muc tiéu dugc danh gia bang cac gia tri F =
15,25 va p < 0,05 (< 0,0001), cho thdy mé hinh
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¢6 ¥ nghia thong ké voi do tin cay 99,99%. Mirc
do khong tuong thich (LOF) cua mo6 hinh 1a 2,25
(p = 0,2248 > 0,05), cho thdy sy khong twong
thich khong dang ké va co thé xay ra hién tuong
gay nhidu két qua phan tich & mirc 22,48%. Dya
vao hé s6 hdi quy cua cac yéu td toi wu 1én qua

trinh thu nhan tinh bot khang, yéu t6 c6 mirc do
anh huong giam dan theo tht ti thoi gian (X)),
ti 1& bot : nuéec (X2) va ndng do enzyme
pullulanase (X3) v6i hé sé hoi quy lan luot 1a
6,14; 5,46 va 1,35.

Bang 3. Phan tich ANOVA cho mé hinh hdi quy

Gi tri Hesohot | pac twdo | Trumgbinh 1 oot i F | Gidtrip
i quy o binh phuong i i
Model 9 127,35 15,25 <0,0001
Xi-Thoi gian 6,14 1 415,79 49,80 <0,0001
X»2-Ti 1€ bot:nudc 5,46 1 158,90 19,03 <0,0001
X3-Nong d§ enzyme 1,35 1 9,74 1,17 0,0035
X1X2 0,8362 1 11,19 1,34 0,0105
X1X3 1,95 1 60,62 7,26 0,0221
X2X3 -0,8161 1 2,66 0,3191 0,5280
X2 - 1,15 1 89,31 10,70 0,0020
X2 -3,62 1 55,24 6,62 0,0055
X3? -2,79 1 32,67 3,91 0,0307
So du 7 8,35
Khong tuong thich 3 12,33 2,25 0,2248
Sai sb 4 2,12
Normal Plot of Residuals
99
95
_‘§> 90
E 80
2 o
£
A 50
°
- 3
g 20
E 10
5
1
T L L] L L | L) L]
300 200 -1.00  0.00 1.00 2.00 3.00

Externally Studentized Residuals

Hinh 2. D thi ctia cac gia tri thyc té so véi mo hinh

Bén canh do6, biéu dd thuc nghiém - du doan
dugce st dung dé danh gia su twong thich cia mé
hinh voi két qua thuc nghiém. Cac két qua khao

sat clia cac nghiém thirc duoc biéu dién ¢ Hinh
2 céac gia tri mo hinh du kién so vai thuc té cua
ham luong tinh bot khang, chimg minh tim quan
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trong ciia mo hinh khi toan bo cc diém khao sat
hau nhu tap trung xung quanh cic duong chéo.
Mirc d6 anh hudng cua cac yéu tb khao sat
dbi voi qué trinh tong hop ham lwong tinh bot
khang (ham muc tiéu Y) trong bot chudi xanh
duoc thé hién qua twong tac qua lai cua timg cip
yéu t6 qua biéu d6 3D (Hinh 3). Biéu d6 3D cho

Ham lugng RS (%)
Ham lugng RS (%)

16

A: Thoi gian (gio) C: Néng dé
10 8 enzyme (U/g)

thdy yéu t6 thoi gian c6 d6 dbc rong va co dinh
dat ham luong tinh bot khang cao nhit tuong
g voi mirc d6 va hé s6 hdi quy 16n nhét (6,14),
tiép dén 1a yéu t6 ti 1 nguyén lidu va nudc do
yéu t6 ti 1& c6 d6 cong va do ddc nhiéu hon so
v6i yéu t6 ndng do enzyme sir dung véi hé sb hoi
quy lan luot 14 5,46 va 1,35 voi @6 tin cdy trén
95% (p < 0,05).

Him lugng RS (%)

C: Niing d
enzyme (Ulg) 210

Hinh 3. M6 hinh héa két qua t6i uu hoa thuc nghiém qua trinh lam giau ham lugng tinh bot khang trong bot chudi xanh

Phuong trinh hdi quy bac hai duoc tinh toan
cho ham luwong tinh bot khang tdi da trong bot
chudi xanh thu nhan, véi cac yéu t6 thoi gian, ti
1¢ bot : nudc va ndng do enzyme pullulanase 1an

luot 14 X1, X2 va Xs. Sau khi loai bé cac hé sb
khong c6 y nghia thong ké (p > 0,05), phuong
trinh la:

Y (%) = 46,01 + 6,14X, + 5,46X, + 1,35X; + 0,8362X, X, + 1,95X,X; — 1,15X,% — 3,62X,% — 2,79X,>

Két qua thi nghiém du doéan gia tri toi uu cta
nghién ciu dugc xac dinh voi thoi gian thuy
phan 1a 16 gio, ti [¢ bot : nudc 1a 1:19,08 va néng
do enzyme pullulanase 1a 7,89 U/g. Ham luong
tinh bot khang t6i da ma mo hinh du doan dugc
tinh toan 13 54,34%. Dé xac thyuc két qua du doan
va xac thuc phuong trinh héi quy thu duoc, cac

thi nghiém sir dung diéu kién t6i vu da duogc thuc
hién va thu dugc gid tri ham lugng tinh bt
khang 13 52,47% (Béang 4). C6 thé thiy gia tri
ham lugng tinh bt khang cua thuc té va du doan
1a kha gidng nhau (p < 0,05). Nhu vy, cac thong
sO ki thuat t6i wu ciia mo hinh 13 twong thich véi
cac diéu kién thi nghiém thuc té.

Bang 4. Diéu kién tdi vu ciia mé hinh thuc nghiém

Diéu kién co dinh Picu Kién toi uu Ham lwgng tinh bot khang (%)
Nhiét o o Tilé Nong do o . Gia trj thuc
pH thily phan Thoi gian bot:nudc enzyme Gid tri dy doén té
°C gio w/wW Ulg % %
5,0 50 16 1:19 8 54,34 52,47

S¢ di qué trinh thay phan bot chudi lam ting
ham lugng tinh bot khang 1a do thoi gian thuy
phan pullulan. Nhiéu nghién ctru cho thay, thoi

gian thuy phén ti wu phu thudc vao ting loai co
chit, nguon gbc enzyme st dung va ti 1¢ giita
ham luong enzyme va co chat. Gonzalez-Soto va
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cong su [12] da bao cao, thoi gian thuy phan tinh
bot chudi béng Promozyme D2, mot loai
pullulanase 6n dinh nhiét, chi trong 5 gio 1a du
dé thu nhan ham luong tinh bot khang cao nhét
(49,5%). Trong khi nghién ctru ctia Setiarto va
cong su [13] dd cong bd can dén 24 gio phan tng
dé thu ham luong tinh bot khang cao ddi véi bot
ngd. Tiép dén 1a yéu t6 ti 16 nguyén liéu va nudc,
lugng nudc cho vao du dé tinh bot hat nudc,
truong nd va 1am 10 ra cac lién két, nho d6 lam
tang kha ning tiép xuc cua cac phan tir enzyme
pullulanase dén cac lién két mach nhanh trong
tinh bot chudi xanh dé thyc hién qua trinh phan
giai mot cach dé dang hon [14]. Nguoc lai, luong
nudc cho vao khong du cho cac hat tinh bot
truong né sé gay ra qua trinh hd hoa khong hoan
toan 1am anh huong dén ham luong tinh bot
khang. Ngoai ra, khi ting ndng d0 enzyme
pullulanase, s6 lugng phan tir enzyme gia ting
kha ning tiép xuc cit mach nhanh 1am ting ham
lugng tinh bdt khang [14]. Nhin chung, qua trinh
thiy phan bing enzyme pullulanase 13 mot
phuong phap hiéu qua dé ting ham lugng tinh

Trude lam giau

bot khang trong bot chudi xanh, véi cac diéu
kién tdi wu di duoc xac dinh trong nghién ctu
nay.

3.2. Hinh thdi cdu tric ciia bét chudi xanh

Két qua phan tich anh chup hién vi dién tir
quét (SEM) cua hat tinh bot chubi xanh sau xir
1y bang enzyme pullulanase duéi cac diéu kién
t6i uu dugc trinh bay trong Hinh 4. Trudc khi xir
1y, tinh bot chudi xanh ¢6 hinh dang da dang voi
kich thude trung binh khoang 25 um va bé mat
nhin. Sau khi thuy phan bang pullulanase, cac
lién két nhanh amylopectin bi pha v&, dan dén sy
bién d6i ciu trac tinh bot, chuyén amylopectin
thanh cac phan tir amylose mach thiang. Kich
thude hat tinh bot giam xudng con khoang 8,70-
11,85 pum, ddng thoi bé mit hat tré nén gd ghé
hon. Céc hat nh6 hon c¢6 xu huéng két dinh, tao
thanh cac khdi két tu. Hién tuong nay co thé xuét
phat tir sy xodn lai va tuong tac manh hon giita
cac mach amylose sau khi thily phan, tao nén cac
cdu tric bén ving hon va gia ting kha ning
khang tiéu hoa cua tinh bot [15, 16].

Sau 1am gidn

Hinh 4. Két qua chup SEM hat tinh bot chudi xanh trudc va sau lam giau tinh bdt khang

Su thay dbi nay khong chi 1a két qua cia qua
trinh thty phan, ma con lién quan dén su sip xép
lai c4u tric tinh thé cta tinh bot. Ving vo dinh
hinh trong c4u triic ban dau da duoc chuyén hoa
thanh ving két tinh, 1am ting muc d6 két tinh
ciia mau tinh bot [15]. Qua trinh nay tao ra cac
cAu tric bén virng hon, lam tang kha ning chong
chiu cta tinh bot d6i voi enzyme tiéu hoa. Hinh
anh SEM ciing phan anh 15 su xut hién ciia cac

ciu trac xodn kép va sy tai to chirc phan tir sau
xu ly. Vi¢e tang tinh khang tiéu hoa cua tinh bot
c6 thé duogc 1y giai boi sy sip xép lai cua cac
phan tir amylose, tao thanh cac lién két kho bi
pha v trong qué trinh tiéu héa [15, 16]. Két qua
nay khing dinh ring qua trinh thiry phan khong
chi 1am giam kich thudc va thay d6i hinh thai bé
mat hat tinh bdt, ma con anh hudng sau sdc dén
cau triic vi mo va tinh chét vat 1y cia tinh bot,
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dan dén viéc ting dang ké ham lugng tinh bot
khang trong san pham sau xtr 1y.
3.3. Khd ning truwong né ciia bét chuéi xanh
Két qua phan tich kha ning truong né ctia tinh
bot chudi xanh, da dwoc lam giau tinh bot khang
bang enzyme pullulanase dudi diéu kién tdi wu,
duoc thé hién trong Hinh 5. Sau khi lam giau,
kha ning truong nd cua tinh bot giam dang ké so
v6i trude khi xir 1y. Cu thé, tai 90°C, tinh bot
chudi xanh trudce khi lam giau dat dg truong nd
17,48 g/g, nhung sau qué trinh lam giau, gia tri
nay giam xudng con 10,19 g/g. Su suy giam nay
¢6 thé do ham luong amylose ting 1én dang ké

20

[S—
h

Do truong no (g/g)
=

sau qud trinh xtr ly v6i enzyme pullulanase. Khi
cac lién két nhanh trong amylopectin bi thuy
phan, cac amylose mach thing duoc tao ra, gop
phan tai sdp xép ciu triic tinh bt va hinh thanh
cac ving két tinh chat ché hon. Két qua nay phu
hop v6i nghién ctru ciia Schirmer va cong su
[17], trong d6 khéng dinh rﬁng cac hat tinh bot
giau amylose c¢6 kha nang truong nd kém hon so
v6i cac hat giau amylopectin. Diéu nay 1a do céu
trac phan nhanh cua amylopectin gitip n6 hut
nudc va truong nd nhanh chong, trong khi
amylose mach thang kho hut nudc hon va dé
hinh thanh cac ving két tinh bén viing,

Nhiét dé (°C)

—8—Trudc lam giau

—&—Sau lam giau

Hinh 5. Kha ning truong né ctia bot chudi xanh trude va sau lam giau tinh bt khang

Ngoai ra, qua trinh trurong né cia tinh bot sau
khi 1am giau ciing cho thay hai pha rd rét hon so
v6i trude khi xir Iy. Pha dau tién c6 thé phan anh
qué trinh hat nude va truong nd ban dau cua cac
hat tinh bot, trong khi pha thtr hai lién quan dén
su hoa tan va gel hoa khi nhiét do tang. Sy thay
d6i nay co thé dwoc giai thich boi cdu trac va
thanh phan cta tinh bot da thay doi sau xur 1y
enzyme, khi cac lién két bén viing cua amylose
lam chdm qua trinh truong né va hat nude [18].
Nhu vdy, qua trinh xir 1y bing enzyme
pullulanase khong chi tac dong 1én cu trac vi

md clia tinh bot, ma con anh huong dang ké dén
kha nang truong nd cia nd. Sy suy giam kha
ning truong nd sau xir 1y cho thay su gia ting
ham lugng tinh bot khang, déng thdi nhin manh
val tro cua amylose trong viéc lam giam kha
nang truong no cua tinh bdt sau xur 1y.

4. Két luan

Nghién ctru ndy dtéi vu hoa qua trinh sir dung
enzyme pullulanase dé ting ham luong tinh bot
khang trong bot chudi xanh. Két qua cho thay,
dudi diéu kién thuy phan 16 gio, ti 1& bot:nude
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1:19, ndng d6 enzyme pullulanase 8 U/g, nhiét
do 50°C, va pH 5, ham lugng tinh bdt khang dat
52,47%. Sau xtr ly, kich thudc hat tinh bt giam
dang ké va bé mat hat trd nén gd ghé, cho thay
su xoan két ctia cac mach amylose. Ngoai ra, kha
ndng truong nd cua tinh bdt sau xur ly gidm,
chimng to sy gia ting amylose. Két qua nay c6 thé
hd trg cac Ung dung trong cong nghiép thuc
pham va dugc pham.

Loi cdm on: Nghién ctru nay da dugc hd tro
kinh phi béi Trung tam Cong ngh¢ sinh hoc
Thanh ph H6 Chi Minh.
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