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TOM TAT:

Nghién ctru duge thyc hién nhiam xac dinh cac thong sé ky thuat cho qua trinh xtr 1y enzyme
pullulanase dé nang cao ham luong tinh bot khang (RS) trong bot khoai lang tim (Ipomoea
batatas L.) thu nhéan tai V1nh Long. Cac thong sb k¥ thuat ctia qua trinh xtr 1y bang enzyme pullulanase
gom: pH (4,0; 5,0; 6,0), nong do enzyme (20; 30; 40 U/g tinh bt kho) va thoi gian thiry phén (8; 16;
24 gid). Két qua cho thdy, cac thong s6 gom pH 5,0, ndng do enzyme 20 U/g va thoi gian thuy phan
16 gio cho ham luong tinh bot khang (RS) dat 28,19% - tang gap doi so voi nguyén lidu ban dau -
cung v6i ham luong tinh bot tong sb 56,45%. Kha ning truong nd va d6 nhdt biéu kién cua bot giam
dang ké xudng 1an lugt con 13,22 g/g va 545.8 cP, phan anh su hinh thanh ciu tric tinh thé RS3 bén
nhiét théng qua co ché thoai hoa amylose. Két qua nghién ctru cung cip co s khoa hoc cho viée san
xudt bot khoai lang tim giau tinh bot khang (RS) c¢6 tiém ning tng dung trong phat trién thuc pham
chirc nang hd tro kiém soat duong huyét.

Tir khoa: enzyme pullulanase, khoai lang tim (lpomoea batatas (L.) Lam, sy nang cao, tinh bt
khang.

1. Pit van dé

Khoai lang tim (Ipomoea batatas (L.) Lam)
la cay luong thuc c6 gia tri dinh dudng va kinh
té dang ké, duoc trong rong rii ¢ cic vung nhiét
d6i va can nhiét d6i trén thé gidi (Antonio et al.,
2011). Cu khoai lang tim khong chi 1a ngudn cung
cAp tinh bd, dudng ma con chira nhidu hop chét co
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hoat tinh sinh hoc, dac biét 1a anthocyanin, chit xo,
vitamin va khoang chat (Oki et al., 2002; Bovell-
Benjamin, 2007). Trong nhom carbohydrate, tinh
bot 1a thanh phan chiém ty 1& 16n va co vai tro
quyét dinh dén tinh chét cong nghé, kha ning tiéu
héa va gia tri dinh dudng cua khoai lang tim. V&
mat sinh 1y hoc, tinh bdt dugc phan loai thanh tinh
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bot ti€u hda nhanh (RDS), tinh bot ti€u hoa cham
(SDS) va tinh bdt khang (RS) dya trén muc do
va toc do thuy phan trong hé tiéu hoa (Englyst,
1992).

Trong d6, RS dugc dinh nghia 1a phan tinh bot
khong bi thiy phéan bdi enzyme ti€u hoa ¢ rudt non
nhung dugc 1én men & rudt gia tao ra cac acid béo
chudi ngan (SCFA), mang lai nhiéu lgi ich cho strc
khoe nhu kiém soat duong huyét, cai thién hé vi
sinh dudng rudt, giam nguy co béo phi, tiéu duong
type 2 va ung thu dai truc trang (Sajilata et al.,
2006; Fuentes-Zaragoza et al., 2010). Dya vao cAu
triic va nguon gbc, RS duoc chia thanh 5 loai: RS1
(vatly), RS2 (hat tinh bt tho), RS3 (tinh bot thoai
hoa - bén nhiét), RS4 (bién tinh hoa hoc) va RS5
(phtrc hop amylose-lipid dang helix V) (Gutiérrez
& Tovar, 2021; HO Thi Théao va cs, 2024). Trong
50 @6, RS3 c6 @ bén nhiét cao, duge hinh thanh
trong qua trinh ho hoa va lam ngudi tinh bdt, dac
biét dugc quan tam do kha nang Gng dung rong rai
trong cong nghiép thuc pham (Haralampu, 2000;
Zhang et al., 2014).

Luong tinh bt khang trong tinh bt khoai lang
tu nhién dao dong tur 24,0 - 25,3%, trong do6 tinh
bot khoai lang tim c6 lugng tinh bot khang cao
hon cac loai khac (Ngoc et al., 2017). Dé nang
cao ham lugng RS, nhiéu nghién ciru di sir dung
enzyme pullulanase (EC 3.2.1.41) - m{t enzyme
cat dic hiéu lién két a-1,6-glycosidic tai cac diém
phan nhanh ctia amylopectin. Qua trinh nay lam
tang ty 1&€ amylose/amylopectin, tao ra cac mach
thang c6 d6 dai thich hop, tir d6 thuc day su tai
két tinh thanh RS3 trong qua trinh thoai hoa (Shi
et al., 2013). Trén thé gidi, pullulanase di duoc
mg dung thanh coéng dé lam giau RS tir tinh bot
bép (Shi et al., 2013), tinh bot ddu xanh (Nguyén
Thi Mai Huong, 2022), tinh bot chudi xanh (Trﬁn
Thi Phuwong Nhi va cs., 2025) va tinh bt dau do
(Reddy et al., 2013). Tai Viét Nam, mot sb nghién
ciru d3 duoc thuc hién trén nhiéu loai tinh bot,
nhung chua cé nhiéu cong trinh chuyén sau vé
quy trinh lam giau RS tu khoai lang tim. Do do,
nghién ctru nay dugc thyc hién nham xac dinh cac
diéu kién thuy phén t6i wu boi enzyme pullulanase
dé 1am ting ham luong tinh bot khang trong bot

khoai lang tim, danh gia sy bién dbi cau tric va
tinh chat cua RS3 thu duoc. Két qua cua nghién
ctru ky vong gop phan nang cao gia tri gia ting cua
khoai lang tim Viét Nam, dinh hudng san xudt tinh
bot khang 1am nguyén liéu cho thuc pham chirc
nang.

2. Nguyén liéu va phuwong phap nghién ctru

2.1. Nguyén liéu

Gibng khoai lang tim (Ipomoea batatas (L.))
Lam duogc thu hoach tai Binh Tén, tinh Vinh Long,
Viét Nam vao vu thu hoach nam 2025. Cu khoai
lang dugc lya chon dya trén cac ti€u chi: khong co
ton thuong co hoc, khong bi sdu bénh, kich thudc
tuong ddi déng déu. Sau khi thu hoach, miu dugc
véan chuyén dén phong thi nghiém trong vong 6 gio
va dugc bao qua ¢ nhiét do 4 = 1°C trude khi xir
ly. Ct khoai lang tim dugc rua sach dudi voi nude
chay dé loai bo dat cat va tap chit bé mit, sau do
dé rdo. Vo duoc loai bod béng dao inox, phﬁn thit
cu duogc thai 14t mong véi 46 day 2 mm, sau do
sdy & 55°C trong 6 gio. San pham sau sdy duoc
nghién min bang may nghién va rdy qua sang cé
kich thuéc 16 0,05 mm. Bot duge bao quan trong
tai polyethylene kin khi ¢ diéu kién kho mat (nhiét
do 25 + 2°C, d6 am tuong ddi 45% + 5%) cho dén
khi phan tich.

Enzyme pullulanase (EC 3.2.1.41) dugc cung
cap boi Genencor (Hoa Ky).

2.2. Quy trinh thwe nghiém va bo tri thi
nghiém

2.2.1. Quy trinh thiy phdn téng qudt

Qua trinh thuy phan dugc thuc hién theo
nghién ctru ctia Nguyén Thi Mai Huong va cs
(2022) v&i mot sé didu chinh. Cu thé, can 10 g
bot miu cho vao binh tam giac dung tich 250 mL,
thém nudc cit dé dat nong d6 10% (w/w). Hon
hop duoc gia nhiét trong bé 6n nhiét & 95°C trong
30 phut, khudy lién tuc 100 vong/phat dé hd hoa
hoan toan tinh bot; sau do chuyén vao bé nuée da
dé 1am ngudi nhanh dén 60°C. B pH clia huyén
phu dugc diéu chinh dén céc gia tri thi ngiém bang
dung dich HC1 0,1 M hoac NaOH 0,1 M trong dém
citrate; ddng thoi bd sung enzyme pullulanase vi
ndng d6 khao sat. Hon hop sau d6 duoc U trong
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may lic diéu nhiét & 60°C, téc d6 lic 150 vong/
phat. Cac mau duoc 1dy tai cac thoi diém khac
nhau dé danh gia sy bién d6i theo thoi gian. Dé
két thuc phan ung, enzyme dugc vo hoat bang con
99°, ly tam 4.000 vong trong 30 phut, sau d6 dugc
sdy & 45°C trong 2 gio. Mau duoc tién hanh thoai
hoéa & 4°C trong 20 gid va bao quan trong binh hut
am trude khi phan tich cac chi tiéu.

2.2.2. Anh huéng ciia cdc yéu té dén quda trinh
thuy phdn

Anh huéng cua cac yéu td cong nghé dén qua
trinh thuy phan tinh bot dugc khao sat theo phuong
phap don bién, cac yéu t6 con lai dugc gilr ¢ dinh.
Céc chi tiéu dung dé danh gia hiéu qua thuy phan
bao gom: ham luong tinh bot tong; ham lugng tinh
bot khang; kha ning trwong nd va d6 nhot. Qua
trinh khao sat duge tién hanh theo 3 nhom diéu
kién nhu sau:

- pH : Moi truong phan tmg dugc diéu chinh tai
ba muc pH 4,0; 5,0 va 6,0.

- Nong dj enzyme: Ché pham enzyme dugc bd
sung ¢ 3 muc: 20U/g; 30U/g va 40U/g.

- Thoi gian thuy phdan: Cac chi ti€u cua bot
dugc danh gia sau 8 gio, 16 gio va 24 gio.

2.3. Cac phwong phap phdn tich

2.2.1. Phwong phap xdc dinh ham lwong tinh
bét tong va tinh bét khdang tir bét khoai lang tim

Ham luong tinh bot tong va tinh bot khang
duogc xac dinh theo phuong phap ctia McCleary
& Monaghan (2002). Nguyén ly phuong phap
dua trén thiy phéan hoan toan tinh bt ti€u hoa
(Digestible Starch - DS) thanh glucose bang hé
enzyme a-amylase chiu nhi¢t va amyloglucosidase
(AMG). Sau d6, phan tmg dugc ding lai bang
ethanol. Phan con lai (tinh bot khang - RS) duoc
thu hoi bang cach ly tdm, sau d6 hoa tan trong
KOH va thity phan hoan toan thanh glucose bang
AMG. Ham lugng RS duogc tinh toan dua trén
lugng glucose giai phong nay. Sau d6 dinh lugng
glucose bang thudc thir glucose oxidase-peroxidase
(GOPOD).

Can 10 g bot mau dugc xu ly véi 4,0 mL
a-amylase (100 U/mL, dém MOPS pH 6,0) ¢
100°C trong 30 phut (lac 200 vong/phut), tiép theo
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thém 4,0 mL AMG (3 U/mL, dém acetate pH 4,0)
6 37°C trong 16 gid. Sau xtt ly enzyme nhu trén,
hdn hop duge ly tam (3000xg, 10 phut, 4°C) dé
loai bo phan tinh bot khong khang; cin RS duogc
rira 1an lugt bang ethanol 50% (2 x 10 mL) va
nudce cat (1 x 10 mL), sau d6 hoa tan trong 4 mL
KOH 2 M (bé d4), trung hoa bang 2 mL dém natri
acetate 1,2 M (pH 3,8), thém 0,1 mL AMG (3.300
U/mL) va 1 50°C/30 phut trude khi dinh lugng.

Toan b dich ndi thu duoc sau cac budce ly tim
duoc gop lai va dinh mirc dén 100 mL bang dung
dich dém natri acetate 100 mM (pH 4,5). Hon hop
dugc lic déu. Hut 0,1 mL dung dich nay vao dng
nghiém, thém 10 pL dung dich AMG (300 U/mL)
va i & 50°C trong 20 phut. Sau d6, bd sung 3,0
mL thudc thir GOPOD va tiép tuc u & 50°C trong
20 phut.

bo va doc gia tri do hép thu A cua mdi dung
dich thtr & budc séng 510 nm so voi miu tring.

Ham luong tinh bot khang (g/100g mau kho)
dugc tinh theo cong thic:

F
R5(%) = AA X o X 0.9 x 100

Trong dé: 44: Do hép thu ctia mau trir di mau
trang; F: Hé sb chuyén doi tir 46 hap thu sang pg
glucose (46 hap thu thu duoc cho 100 ug D-glucose
trong phan ing GOPOD dugc xac dinh va F =100
(ug D-glucose) chia cho d hap thu GOPOD cua
100 pg D-glucose nay); W: Trong luong mau thir
(mg) tinh theo chat kho; 0.9: Hé s chuyén ddi tir
glucose tu do sang tinh bot

Ham luong tinh bot tiéu hoa (g/100g mau kho)
dugc tinh theo cong thuec:

AB XV X 0.9
DS(%) = ———

¥ 100

Trong d6: AB: Do hép thu cua phan dich trong
sau khi phan tng v6i GOPOD trir di mau trang; V:
tong thé tich dich chiét (mL); W: Trong lugng mau
thtr (mg) tinh theo chat kho. 0.9: Hé s6 chuyén doi
tr glucose tu do sang tinh bot.

Ham lugng tinh bot tong = tinh bot khang +

Nl S(o6) = RS(%) + DS (%)
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2.2.2. Phuwong phdp xdac dinh cdac dac tinh ly
hoa cua tinh bot khang

Céc dic tinh 1y héa bao gom kha ning truong
né va dic tinh luu bién (46 nhdt) duoc danh gia
trén cing bd mau.

Kha nang truong no cua bot khoai lang tim dugc
xac dinh theo phuong phap cua Kittipongpatana et
al. (2011) véi mot sb diéu chinh. Can 2 g tinh bot
va dinh muc t6i 100 mL, dun céch thuy trong 30
phut, khudy déu. Sau d6 ly tdm véi tbc do 4000
vong/phut trong 15 phit thu dwgc hai phan: tinh
bot két ling va nudc dich. Loai bo phan dich ndi,
cdn udt con lai duge can ngay (m, g) va sau do
dem sdy kho (m, g). Kha nang truong n¢ (g/g
mau) cua tinh bot tinh theo cong thurc:

my

SP =
M4

Pdc tinh lieu bién (d6 nhét) cua bot khoai lang
tim dugc danh gia theo phuong phap ctia Spychaj
et al. (2013) v&i mot s6 diéu chinh phu hop. Can
2,00 g bot dinh muc bang nudc thanh huyén phu
ddng nhat ndng d6 2% (w/w) trong khoang 30
phuat. P9 nhét duge xac dinh bﬁng may do do
nhét quay voi spindle thich hop, toc d6 quay cua
spindle thay doi tir 1 dén 100 vong/phut (cac gia
tri cu thé: 1, 2, 5, 10, 20, 50, 100 rpm). Gia tri do
nhadt duoc ghi nhan sau khi kim chi thi on dinh.
Mbi mau dugc do ba lan doc lap, két qua dugc
biéu thi bang don vi mPa.s (twong dwong cP).

2.3. Phén tich thong ké

Cac dir liéu thu dugc trong qué trinh nghién
ctru duoc tinh toan va vé do thi bang phin mém
Microsoft Excel 2016. Phan tich phuong sai

(ANOVA) ¢ muc ¥ nghia o = 0,05 va kiém dinh
LSD duogc thuc hién bz:ing phén mém Statgraphics
Centurion XV.

3. Két qua va thao luan

Pé danh gia hiéu qua cta enzyme pullulanase
quy trinh lam giau tinh bot khang (RS) tir bot
khoai lang tim; cac yéu té pH, nong d6 enzyme
va thoi gian thuy phan da dugc khao sat. Két qua
phan tich céc chi tiéu bao gdm ham lugng RS, ham
lugng tinh bot tong s6 (TS), kha ning truong nd
(SP) va d6 nhot duge trinh bay lan lugt dudi day.

3.1. Anh hwéng ciia pH dén qud trinh thiiy
phin

Anh huong cia pH dén 4 chi tiéu khi ¢6 dinh
nong do enzyme & 20 U/g va thoi gian 16 gio dugc
trinh bay trong Béang 1.

Két qua cho thay, pH anh hudng rd rét dén tat
ca cac chi tiéu. Gia tri RS cao nhét dat duoc tai
pH 5,0 (27,65%), khac biét c6 y nghia thong ké
so voi pH 4.0 (23,45%) va pH 6.0 (24,12%) (p <
0,05). Diéu nay pht hop véi khoang pH tbi wu ciia
enzyme pullulanase (4.5-5.5) theo khuyén céo cua
nha san xudt va cac nghién ciru trude day. O pH
5,0, cAu trac khoéng gian cua enzyme on dinh, hoat
tinh cét lién két o-1,6-glycosidic dat cuc dai, giai
phong nhidu mach thing amylose. Cac mach nay
sau do tai sap xép thanh xoin kép va tinh thé RS3
trong qua trinh thoai hoa, 1am gia ting RS. O pH
4,0 hoac 6,0, enzyme bi bién tinh mot phén, hoat
tinh giam, dan dén lugng mach thing duoc giai
phong it hon, do d6 RS thap hon (Shi et al., 2013).

Ham luong TS ciing dat gia tri cao nhét tai pH
5,0 (47,18%), cao hon déng ké & pH 4,0 (41,22%)
va pH 6,0 (43,49%), khac biét c6 y nghia thong

Bang 1. Anh hudng clia pH dén cdc chi tiéu cla bét khoai lang tim

pH TS (%) RS (%) D6 nhét (cP) SP
4,0 41,22 +1,37¢ 21,92 £ 1,25¢ 571,2 + 8,28a 13,66 + 0,23a
5,0 47,18 + 1,06a 27,65 + 0,85a 554,8 + 8,81c 13,33 £ 0,14c
6,0 43,49 + 0,75b 20,32 + 0,94b 587,5 + 7,70b 14,35 £ 0,28b

Ghi chii: Trong ciing mot cét, cde gid tri mang chik cdi khdc nhau thé hién s khdc biét ¢o ¥ nghia thong ké theo kiém

dinh LSD (p < 0,05).
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ké (p < 0,05). Bidu nay cho thay & pH téi wu cua
enzyme, qua trinh thuy phan dién ra hiéu qua giup
giai phong tinh bot khoi céu traic mé ma khong
gy phan hty qua mic. O pH 4,0 moi trudng acid
c6 thé thuy phan mot phan lién két glycosidic, lam
giam TS (Hoover, 2000).

Do nhét va kha ning trrong nd cia huyén phu
bot sau xu 1y cling bién dbi theo pH. Gié tri do
nhét thap nhat dugc ghi nhan tai pH 5,0 (554,8 cP)
va cao nhét tai pH 4,0 (590,8 cP). Tuwong tu, kha
ning truong nd (SP) giam xubng thap nhét tai pH
5,0 (13,33 g/g) so voi pH 4,0 (13,66 g/g) va pH
6,0 (13,40 g/g). Su suy giam do nhdt va kha nang
trrong nd (SP) & pH 5,0 ¢6 lién quan dén su gia
tang ham luong amylose va sy hinh thanh céac vi
tinh thé chat chg, lam giam kha ning hydrat hoa
va hép thu nudc cua hat tinh bt (Schirmer et al.,
2013). Két qua nay khing dinh rang pH 5,0 1a diéu
kién thich hop nhét dé vira 1am giau tinh bot khang
(RS) vura cai thién cac déc tinh 1y héa theo hudng
c6 loi cho ung dung thyc pham chirc ning.

3.2. Anh hwéng cia nong dé enzyme
pullulanase dén qud trinh thuy phén

Anh huong cua nong do enzyme pullulanase
dén 4 chi tiéu khi c6 dinh pH 5,0 va thoi gian 16
gio duogc trinh bay trong Bang 2.

Két qua cho thiy, néng do enzyme cé anh
huéng rd rét dén tat ca cac chi tiéu. Ham lugng
tinh bot khang (RS) dat gia tri cao nhat tai nong
dd6 20 U/g (27,65%). Khi ting ndng d6 1én 30

U/g, RS giam xudng 25,97% va tiép tuc giam
con 23,88% & 40 U/g. Diéu nay cho thiy viéc sir
dung ndng dd enzyme qua cao khong mang lai
hi¢u qua lam giau RS ma con gay tac dung nguoc.
Co ché duoc giai thich nhu sau: O ndng do 20
Ulg, luong enzyme vira du dé cit dic hiéu cac
lién két o-1,6-glycosidic tai cac diém phan nhanh
ciia amylopectin, giai phéng cic mach thing
amylose c6 d¢ dai phan ti phu hop (DP khoang
13-36). Cac mach nay trong qué trinh thoai hoa
(retrogradation) s& sap xép lai thanh cac xoén kép
va vi tinh thé loai B, tao thanh RS3 bén nhiét (Shi
etal., 2013; Shi et al., 2018). Khi ndng d6 enzyme
ting 1én 30 - 40 U/g, luong enzyme du thira tiép
tuc thuy phan khong chi cac nhanh amylopectin
ma con cit cac mach amylose dd dwgc giai phong
thanh cac doan oligosaccharide qua ngin (do
trung hop DP < 10). Cac doan mach nay khéng du
dai dé hinh thanh xoén kép on dinh, do d6 khong
thé tao thanh RS3 (Gidley & Bulpin, 1987). Hau
qua 1a ham lugng RS sut giam dang ké.

Ham luong tinh bot tong sé (TS) ciing giam
dan khi ndng d6 enzyme ting: tir 47,18% (20 U/g)
xudng 44,86% (30 U/g) va 43,68% (40 U/g). Su
sut giam TS nay phan anh muc d6 thiy phan tinh
bot ngay cang 16n dudi tac dong cia pullulanase.
O ndng d6 enzyme cao, qua trinh cit nhanh dién
ra qua muc, tao ra lugng 1én oligosaccharide mach
ngin va duong co kha ning hoa tan (maltose,
glucose, maltotriose. .. ); cic san phdm nay bi rira

Bang 2. Anh hudng clia ndng dé enzyme pullulanase dén cac chi tiéu
cua bét khoai lang tim

Néng dé (Ulg) TS (%) RS (%) Db nhét (cP) SP
20 47,18 + 1,06a 27,65 + 0,85a 554,8+ 8,81c 13,33  0,14b
30 44,86 + 0,65b 25,97 + 1,31a 565,2 + 8,13b 13,47 £0,13b
40 43,68 £ 1,06b 23,88 + 0,64b 602,8 + 5,80a 14,79+ 0,12a

Ghi chii: Trong ciing mot cét, cdc gid tri mang chi cdi khdc nhau thé hién si khdc biét ¢é ¥ nghia thong ké theo kiém

dinh LSD (p < 0,05).
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troi trong budc tach thu hoi tinh bot, dan dén that
thoat tinh bot tong (Zhao & Lin, 2009; Shi et al.,
2018).

Do nhdt va kha nang treong nd c6 sy bién doéi
nguoc chiéu v6i RS. O néng d6 20 U/g, d6 nhot dat
gia tri thip nhit (554,8 cP) va SP ciing thap nhat
(13,33 g/g). Khi ndng d6 tang 1én 30 U/g, d6 nhét
tang 1&€n 565,2 cP; ¢ 40 U/g, 36 nhdt tang manh 1én
602,8 cP. Tuong ty, SP ting dan tir 13,33 g/g (20
U/g) 1én 13,47 g/g (30 U/g) va 14,79 g/g (40 U/g).
Sy gia ting do nhét va SP & ndng d6 enzyme cao
c6 thé dugc giai thich boi hai co ché: (i). Sy hinh
thanh mot luong 16n céac oligosaccharide mach
ngin va duong hoa tan 1am ting ap sudt tham thiu,
kéo theo nudc vao hé, lam tang khéi luong va thé
tich huyén phu; (ii). Cac manh v& tinh bot c6 kich
thude rat nho c6 dién tich bé mat riéng 16n, hap
phu nhiéu nuéc hon, din dén SP ting. Tuy nhién,
cic manh v& nay khong phai 1a RS3 ¢6 céu truc
tinh thé bén virng. Nhu vy, su gia ting dd nhét va
SP ¢ ndng d6 enzyme cao, cho thiy sy suy thoai
cAu trac tinh bot, 1am giam gia tri chtrc ning cua
san phdm (Gidley & Bulpin, 1987; Zhao & Lin,
2009).

O muc ndng d6 enzyme 20 U/g cho két qua tt
nhat trén ca 4 chi tiéu, phan anh sy hinh thanh RS3
hiéu qua vé6i cdu tric tinh thé chit ch&, kha ning
hydrat hoa kém - dic trung cua tinh bot khang chat
lwgng cao (Shi et al., 2013; Shi et al., 2018). Do
do, néng d6 20 U/g duoc lya chon 1a phu hop nhét

cho thi nghiém tiép theo.

3.3. Anh hwéng ciia thoi gian dén qud trinh
thity phéin

Anh huong cia thoi gian thiy phan dén bon chi
tiéu khi ¢ dinh ndng d6 enzyme & 20 U/g va pH
5,0 dugc trinh bay trong Bang 3.

Két qua & Bang 3 cho thdy, thoi gian thuy phan
c6 anh huong rd rét dén tit ca cac chi tidu. Ham
lugng RS ting dan tir 25,56% sau 8 gid 1én 28,19%
sau 16 gio; su khac biét co ¥ nghia théng ké (p <
0,05). Tuy nhién, khi kéo dai thoi gian 1€n 24 gio,
RS giam nhe xudng 27,01% - thap hon dang ké so
v6i mdc 16 gio. Xu hudng nay cho thay, thoi gian
16 gio 1a diém can bang t6i wu gitta hiéu qua cat
nhanh va sy thoai hoa tinh bot. O 8 gid, thoi gian
chua di dé enzyme pullulanase cit hoan toan céc
lién két a-1,6-glycosidic ciia amylopectin, do d6
lugng mach thing amylose dugce giai phong con
han ché, dan dén RS chua cao. Khi dat 16 gio, hau
hét cac nhanh amylopectin da bi cit, tao ra nguén
amylose ddi dao cho qua trinh tai két tinh thanh
RS3 trong giai doan thodi hda. Kéo dai 1én 24
gid, enzyme du thira tiép tuc thay phan cac mach
amylose thanh cac doan oligosaccharide qua ngan
(DP < 10), khong du kha nang hinh thanh xodn
kép va tinh thé bén viing, lam giam RS (Gidley &
Bulpin, 1987; Zhao & Lin, 2009). Két qua nay phu
hop v6i cac nghién ctru trén tinh bot bap (Shi et
al., 2013), tinh bdt yén mach (Gorecki et al., 2018)
va tinh bot gao (Li et al., 2019).

Bdang 3. Anh hudng cua thdi gian thuy phan dén cdc chi tiéu cla bét khoai lang tim

Thei gian (gio) TS (%) RS (%) Db nhét (cP) SP
8 51,45+1,42b 25,56+0,83c 571,8+6,25a 14,180,39a
16 56,45+0,08a 28,19+0,41a 548,8+7,85b 13,2240,19b
24 53,90+1,06b 27,010,42b 553,7+9,29b 13,40+0,34b

Ghi chii: Trong ciing mot cét, cc gid tri mang chit cdi khdc nhau thé hién sw khdc biét c6 y nghia thong ké theo kiém

dinh LSD (p < 0,05).
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Ham lugng TS ciing bién dong twong tu: dat
gia tri cao nhét tai 16 gid (56,45%), cao hon cé ¥
nghia thdng ké so v6i 8 gio (51,45%). O 24 gio,
TS giam xudng con 53,90%, tuy khong khac biét
théng ké v4i 8 gio nhung thap hon so voi 16 gio.
Su gia tang TS tur 8 gid 1én 16 gio phan anh qua
trinh thuy phan giup giai phong tinh bot khoi cau
trac md thyc vat mot cach hi€u qua, déng thoi
chua gdy phan huy dang ké. O 24 gio, sy thuy
phéan qua murc dan dén tao thanh cac san pham hoa
tan (maltodextrin, duong) bi mat trong qua trinh
rua, lam giam TS.

Do nhét cua huyén phu bot giam tir 571,8 cP
(8 gio) xudng 548,8 cP (16 gid), sau d6 ting nhe
1én 553,7 cP (24 gid). Sy giam d6 nhdt ¢ 16 gio
cho th?iy ciu trac phan tur tinh bot da bi cit thanh
cac doan ngin hon, lam giam lyc ma sat ndi sinh
va kha ndng hinh thanh mang luéi gel (Li et al.,
2018; Shi et al., 2018). 024 gi0, dd nhot tang tro
lai ¢6 thé do su xuit hién cua céc oligosaccharide
mach rit ngin va duong hoa tan 1am thay d6i tinh
chit keo cua hé, hodc do cac manh v tinh bot co
kich thudc siéu nho c6 dién tich bé mat 16n hip
phu nhiéu nuéc.

Kha nang truong nd (SP) cling giam tu 14,18
g/g (8 gid) xudng 13,22 g/g (16 gid) va 13,40 g/g &
24 gio. Su suy giam SP phén anh sy gia taing ham
luong amylose va muc do két tinh cua tinh bot sau
qua trinh cit nhanh va thoai hoa. Amylose mach
thang c6 kha nang hydrat hoa kém hon amylopectin

TAI LIEU THAM KHAO:

phan nhanh, dong thoi cic vi tinh thé RS3 hinh
thanh han ché sy xam nhap ctia nudc vao hat tinh
bot (Schirmer et al., 2013; Jia et al., 2023). SP thép
nhit tai 16 gio, phi hop v6i RS cao nhat, 1a dic
trung cua tinh bot khang chat lugng tét.

Thoi gian thiy phan 16 gio cho gia tri RS va
TS cao nhét, ddng thoi do nhét va SP thap nhét,
thé hién sy hinh thanh RS3 hiéu qua véi ciu trac
tinh thé bén virng, kha ning hydrat héa kém. Do
d6, 16 gio dugc lua chon 1a thoi gian thich hop
nhét cho qua trinh 1am giau tinh bot khang tir bot
khoai lang tim bang enzyme pullulanase.

4. Két luan

Qua trinh thuy phan bot khoai lang tim bang
enzyme pullulanase chiu anh hudng 18 rét boi pH,
ndng d6 enzyme va thoi gian. Trong cac diéu kién
khéo sat, bo thong sb pH 5.0, n(‘3ng ddé enzyme 20
U/g tinh bt kho va thoi gian 16 gio cho hi¢u qua
lam giau tinh bot khang (RS) cao nhat (28,19%);
dong thoi ham lugng tinh bot tong sd dat 56,45%;
d6 nhét giam xudng 548,8 cP va kha ning truong
no gidm con 13,22 g/g. Su suy gidm dd nhot va
kha nang truong nd cung voi su gia taing RS phan
anh sy hinh thanh céu trac tinh thé RS3 bén nhiét.
Nghién ctru chimg minh rang viéc ing dung enzyme
pullulanase véi cac théng s6 cong nghé tdi wu cho
phép lam giau hi¢u qua tinh bot khang tir bt khoai
lang tim, tao ra nguyén lidu c6 tiém ning ung dung
cao trong linh vuc thuc phidm chirc ning va cic san
pham c6 chi sb duong huyét thapm
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ABSTRACT:

This study aims to determine optimal processing conditions for enhancing resistant starch (RS)
content in purple sweet potato flour using pullulanase enzyme. The investigated parameters include
pH (4.0 - 6.0), enzyme concentration (20 - 40 U/g dry starch), and hydrolysis time (8 - 24 hours).
The results indicate that optimal conditions (pH 5.0, enzyme concentration 20 U/g, hydrolysis time
16 hours) yield an RS content of 28.19%, approximately double the initial level, with total starch
content of 56.45%. Swelling capacity and apparent viscosity significantly decreased, reflecting the
formation of thermally stable RS3 structure through amylose retrogradation. These findings provide
a scientific basis for producing RS-enriched purple sweet potato flour with potential applications in
functional foods for glycemic control.
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