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Nghién cttu nhim x4c dinh cac diéu kién t6i vu lam ting ham luong tinh bot khang tiéu héa bang
phuong phép sinh hoc véi tmg dung enzyme pullulanase dé thily phan tinh bot gao OM18. Thi
nghiém tién hanh lan luot khao sat cta cac yéu t6 anh huéng dén hoat dong cta enzym
pullulanase: Néng d6 co chat (10 - 50%), hoat do enzym (10 - 50 U/g), thoi gian thay phan (2 - 10
gio), pH (4,0 - 6,0) va nhiet do (45 - 65°C) dén ham luong tinh bot khang tiéu hoa. Két qua xac
dinh duoc cac diéu kién t6i uvu cho hoat dong ctia enzym pullulanase: Nong do co chat (20%), hoat
do enzym (30 U/g), thoi gian thily phan (6 gid), pH (4,5), nhiét do (55°C). Két qua nghién ciru
thu duoc san phdm tinh bot gao OM18 dat 12,2% ham luong tinh bot khang tiéu hoa. So lieu
nghién cttu 1a tién dé dé xay dung quy trinh san xuét tinh bot gao giau ham lwong tinh bot khang
huéng dén tng dung vao cac quy trinh ché bién nhitng sin phdm dang thuc phdm bé sung

prebiotics.

Tirkhoa: Enzyme pullulanase, tinh bot gao, tinh bot khadng:.

1. BAT VAN BE

Tinh bot khang (Resistant Starch - RS) duoc
biét dén 1a loai tinh bot khong duoc tiéu hoa & ruot
non va duoc lén men khi dén ruot gia boi hé vi
sinh vat duong ruot dé tao thanh cac axit béo
mach ngan (SCFA), 1a niang luong cho cac té bao
ruot két, xem nhu prebiotics thuc d4y su phat trién
loi khudn nham tang stic dé khang cho co thé [1].
Tinh bot khang c6 anh hudng tich cuc dén heé vi
sinh vat duong ruot, dong thoi gitp ngin ngtra
bénh ung thu ruot két. Ngoai ra, tinh bot khang
gitup can bang duong huyét (GI), ting do nhay
insulin, gidm nguy co béo phi, bénh dai thao
duong type 2 [2]. Pa c6 mot s6 nghién citu vé viéc
stt dung enzym pullulanase dé lam giau ham luong
tinh bot khang tir nguyén liéu dau xanh [3]. Tuy
nhién, cidc nghién cttu van cé su khac biét vé
nguyeén lieu dau vao, phuong phap lam ting ham
Iwong tinh bot khang. V6i muc tiéu hoan thién quy

trinh san xuat tinh bot gao OM18 giau tinh bot
khang duoc nghién ctru bang tng dung enzym
pullulanase 1a diéu can thiét. Cac san phdm thuc
phdm c6 ngudn goc tir tinh bot gao giau tinh bot
khang 1a mot huong di moi, c6 tiém ning tng
dung cao, m& ra xu thé cho dong thuc phim:
Khong chtra gluten, niang luong thap, thuc phdm
bd sung prebiotics tir ngudén nguyén liéu lua doi
dao, san lugng cao voi gia thanh théap. Diéu do da
thuc ddy, m& ra co hoi khong chi cho cac nha
nghién ctru ma ca cac nha san xuat thuc pham gop
phan nang cao gia tri hat gao.

2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu, héa chat

2.1.1 Nguyén liéu

Nguyén lieu luia OM18 nghién cttu duoc 14y tir
xa Long Thanh, huyén Giéng Riéng, tinh Kién
Giang. Ché phdm enzym pullulanase (ttr vi khu4n
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Bacillus licheniformis, hoat 36 enzym 3.000 U/ml)
cua Hang Amano Enzyme, Nhat Ban.

2.1.2. Hoa chat

Axit acetic, sodium acetate, ethanol 99%, kit
test RS, axit maleic, kali hydroxide.

2.2. Phuong phép nghién citu

2.2.1 Phuong phap chuan bi mau

Gao tam OM18 — Xtr ly, lam sach — Ngam —
Nghién — Say — Ho hoa (70°C, 15 phut) — Thuy
phan (enzym pullulanase) — Thoai hoa (4°C, 24
gi0d) — Say — Nghién — Xac dinh ham luong tinh
bot khang tiéu hoa.

Gao tam OM18 duwoc mang di xt ly lam sach,
sau d6 tién hanh can 1.000 g gao OM18 cung 3.000
mL axit citric c6 néng do 0,15 M va ngam trong bé
6n nhiéet Memmert (Puc) & 55°C trong 2 gio. Sau
do, dem di nghién biang thiét bi xay bot wot
Goodfor (Viet Nam), thu duoc tinh bot gao OM18.
Mau tinh bot gao duoc dem di sdy ¢ nhiét do 40°C
trong 2 gio voi muc dich lam rdo. Can 50 g tinh bot
gao cho vao moéi binh erlen ¢6 nham 500 mL, ti€p
theo thém dung dich dém acetat 0,2 N réi gia nhiét
trong bé 6n nhiét & 70°C trong 15 phuat [4] va
khudy lién tuc cho dén khi tinh bot duoc hé hoa.
Hoén hop tinh bot hé héa duoc lam nguéi xuéng
55°C va bé sung enzym pullulanase réi tién hanh
khao sat thi nghiém 1, 2, 3, 4, 5. Sau khi hoan tat
thily phan thi bat hoat enzym pullulanase & nhiét
d6 100°C trong 10 phut [3]. Mau tinh bot sau thiy
phan duoc thoai héa & 4°C trong 24 gio [5]. Huyén
phu tinh bot sau thoai hoa duoc rira bing nudc cat
va ly tam thu can. Sau d6 duoc say & 45°C dén khi
d6 4m <13%. Tinh bot duoc nghién qua ray 0,125
um, dong goéi, bao quan va phan tich cac chi tiéu
hoa ly.

2.2.2. Phuong phap bo tri thi nghiém

Thuc hién 1an luot cac thi nghiém khéo sat cac
yéu t6 anh hudéng qua trinh thuy phan bang enzym
pullulanase dé lam tang ham luong tinh bot khang
tr nguyen liéu gao. Tién hanh khao sat sy anh
hudéng ctia néng do co chat (10, 20, 30, 40 va 50%);
hoat d6 enzym pullulanase (10, 20, 30, 40, 50 U/g);
thoi gian thuy phan (2, 4, 6, 8, 10 gio); pH (4,0; 4,5;
5,0; 5,5; 6,0); nhiet do (45, 50, 55, 60, 65°C) dén

ham luong tinh bot khang tao thanh trong san xuat
tinh bot gao giau tinh bot khang.

2.2.3. Phuong phap phén tich hoa Iy

- Xdc dinh ham Iuong tinh bot khang cua tinh
bot gao

Danh gia bang bo xét nghiém tinh bot khang
cia Megazyme (Megazyme International,
Wicklow, Ireland). Can 100 mg tinh bot va tron voi
4 ml hén hop enzym, bao gom a - amylase tuyén
tuy (10 mg/ml) va amyloglucosidase - AMG (3
U/ml), trong mot 6ng nghiém cé nap. Sau khi lac,
ong mau duoc thily phan trong ti ¢t 6n nhiét co lac
(200 lan/phut) trong 16 gio' & nhiet do 37°C dé
thay phan cac tinh bot dé tiéu hoa. Két thuc qua
trinh thiy phan, huyén phu tinh bot duoc tron voi
4 ml ethanol tuyét déi va duoc tron manh bang
may vortex dé khir hoat tinh ctia cac enzym. RS
dugc thu héi dusi dang cuc von nhé bang cach ly
tam ¢ 1.500 vong trong 10 phut. Cac cuc von tinh
bot duoc rira hai 1an bang ethanol 50% dé loai bo
tinh bot da tiéu hoa va tiép tuc ly tam. Can lang thu
dugc sé hoa tan trong 2 ml KOH 2 M bing cach
khudy manh véi thoi gian 20 phut trong bé nuodc
d4, sau d6 duoc trung hoa bang 8 ml dém sodium
acetate 1,2 M (pH 3,8). Sau khi tron voi 0,1 ml
AMG (3.300 U/ml) trong bé 6n nhiét 50°C, mau
tiép tuc duoc tron bang may vortex thém 30 phut.
Dung dich sau d6 duogc ly tam & 1.500 vong trong
10 phat va phan néi phia trén duoc thu héi. Mot
phan dich néi phia trén (0,1 ml) duoc tron véi 3 ml
glucose oxidase, peroxidase va 4 - aminoantipyrine
(GOPOD), sau d6 t & 50°C trong 20 phut. Do hap
thu ctua cac mau duoc do & budc song 510 nm
bang may quang phd. Méi mau dugc phan tich
trong balan [6].

Luong RS duoc tinh bang cong thic sau:
RS %) = AE x F/W x 90

Trong d6: AE 1a @6 hap thu da trir mau trang;
F 1a he s6 chuyén doi te do hap thu sang
micrograms ctia mau tiéu chuén chia cho do hap
thu ctia mau GOPOD; W 1a khai luong mau; 90 1a
két qua cuia phép chia 162/180 (hé so6 chuyén doi
ttr D-glucose tu do sang dang anhydro-D-
glucose).
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- Xdc dinh hinh dang hat tinh bot bang kinh
hién vi dién tir quét (SEM)

Hat tinh bot gao OM18 trudce va sau khi x ly
RS duoc quan sat bang kinh hién vi dién ti quét
theo quy trinh cia Hung va Morita (2005) [7].
Phan tan tinh bot trong dung dich ethanol 95%
trong vai phut va ric 1én bang dinh hai mat gin
trén than nhom, pht Pt. Tién hanh chup bang thiét
bi SEM (JSM - IT200, Tokyo, Nhat Ban) ¢ hiéu
dién thé gia toc 5kV.

- Xéc dinh céu tric tinh bot bang FTIR

Phan tich phé hong ngoai bién d6i Fourier
ctia tinh bot c6 thé cung cdp thong tin vé nhitng
thay déi trong trat tu phan tr va mic do xoan kép
& pham vi tam ngan. Cac dai hap thu IR & 995 cm™!
va 1.047 cm™ ¢6 lién quan dén cau tric co trat tu va
tinh thé ngdm nudc cha tinh bot, trong khi & dinh
1.022 cm™ lién quan dén c4u tric vo dinh hinh. Do
vay, ty lé dién tich tich hop cta cac dai hap thu &
1.047/2.011 cm™ va 995/1.022 cm?® duwoc st dung
dé dinh luong cac thay déi bén trong vé muc do
trat tu (DO) va muc do6 xoan kép (DD) ctia phan ti
tinh boét. Hat tinh bot gao OM18 nguyén liéu va
sau khi xtr Iy RS duoc phan tich ciu tric tAm ngan
biang may quang phé ATR PRO ONE X - JASCO
FTIR - 6.600 thong luwong cao (Deutschland
GmbH, Cong hoa Lién bang Prrc) [8].

- Xdc dinh cau tric két tinh cua tinh bot bang
XKD

Dua vao hién tuong céac tia X nhiéu xa trén
cac mat tinh thé chat ran, tinh tuan hoan dan dén
viéc cac mat tinh thé dong vai trd nhu mot cach tir
nhiéu xa. Két qua cta thi nghiém voi X - ray sé cho
biét cau truc két tinh ctia nguyén liéu thuoc loai A,
B hay C va % tinh thé c6 & trong mau. Phan tich
nhiéu xa tia X duoc thuc hién bing may do nhiéu
xa tia X (Rigaku Co., Ltd, loai Rint 2000, Tokyo,
Nhat Ban), hoat dong tir 2 - 25° goc quét 28 voi toc
do quét 8°/phut va budc quét 0,02° & 40 kV va 80
mA [8]. Loai tinh thé duoc xac dinh dua vao cac
peak dac trung. Mtc do két tinh tuong doi (%RC)
duoc tinh bang ty s6 gifta dién tich cac peak so voi
téng dién tich nhiéu xa [9].

- Xdc dinh mau sac cua tinh bot

Mau sac ctia mau tinh bot gao OM18 trudce va
sau xtt ly duoc do bang may do mau Minolta

CR410 (Konica Minolta Co., Nhiat Ban) c6 tham
chiéu dén dén chiéu sang tiéu chuian D65 va goc
nhin 10. (khong gian mau ctia he thong CIELAB;
L*, a*, b* 1a gia tri cia moéi diém anh phan anh
mau sac bé mat mau). Gia tri L* biéu thi d¢ sang;
a* biéu thi mau do/xanh 14 cay; gia tri b* biéu thi
mau vang/xanh duong. Do trang (W) duoc tinh
bang phuong trinh sau:

W= 100—\'{100 —19)2 +a*? +p*?

2.3. Phuong phap xit ly s6 lieu

Dit lieu duwoc phan tich biang cach st dung
phan tich phuong sai (ANOVA). Su khac biét gitra
cac gia tri (p < 0,05) duoc phan tich kiém dinh
Fisher’s sit dung phan mém thong ké Minitab
phién ban 2022.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Cac yéu t6 anh hudng dén hoat dong ctia
enzym pullulanase dén ham ligng tinh bot khang

311 Anh hudng cia néng do co chat dén
ham lirong tinh bot khang

Thi nghiém tién hanh khao sat chi tiét vé anh
hudéng cta néng do co chat tinh bot dén mirc do
thay phan va ham luong tinh bot khang hinh thanh
(Hinh 1).
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Hinh 1. Anh hwéng ctia néng d6 co chit dén ham
lugng tinh bot khang

Ghi chu: Cic chit s6 khdc nhau trén cung mot

cot hay mot hang biéu hién sur khdc biét co y nghia
ciia cdc nghiém thirc, vor mitc y nghia o = 0,05%.

Hinh 1 cho thay, khi néng do tinh bot tang tir

10% (w/v) len 20% (w/v), ham luong RS tang tu

9,49% lén mtc cao nhat 1a 10,36%. Day 1a nong do

toi uu, cho thay téc do hoat dong ctia enzym ty lé
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thuan v6i nong do co chat trong giai doan dau cta
phan tmg thily phan, do su gia ting s6 luong phan
tr co chat lien két voi enzym, dan dén tang san
phim tao thanh. Két qua nay ciing twong dong voi
két qua nghién ctu ctia Kuddus (2018) [10], Zeng
va cs (2015) [11] thiy phan bing enzym
pullulanase trén tinh bot gao nép. Khi néng do tinh
bot tiép tuc tang lén 30 va 40% (w/v), ham luong
RS giam nhe va duy tri &@ mic 9,05 va 8,68%. Su 6n
dinh nay c6 thé duoc giai thich boéi hién tuwong bao
hoa enzym, khi qua nhiéu co chat khong thé tiép
tuc gia tang hiéu qua hoat dong ctia enzym. Tai
nong do 50% (w/v), ham luong RS giam dang ké,
con 6,95%, cho thay su suy giam hiéu qua thiy
phan. Sy gidm hiéu qua nay duoc ly giai la do thiéu
dém trong moi truong phan tng vi dém khong chi
dong vai tro lam moi treong phan tng ma con la
phuong tién van chuyén, tao diéu kién thuan loi
cho st khuéch tan va di chuyén ctia cac phan tir
tham gia phan tng [12]. Khi nuéc khong da, co
chat va enzym khong thé tiép xuc day da, dan dén
kha nang trwong nd cda tinh bot kém, lam giam
hiéu qua tiép xuc gitta enzym va co chat. Diéu nay
dan dén giam hiéu suat hinh thanh RS do mach
tinh bot kho bi tac dong boi enzym. Nghién ctru toi
uwu hoa thay phan pullulanase trudc diy cta Su
(2010) [13] trén tinh bot ngo ciing chi ra rang, khi
noéng do tinh bot cao, kha nang truong nd gidm,
lam giam su ti€p xuc gita enzym va co chat, dan
dén hieu suat thiy phan va hinh thanh RS kém.

Két qua thi nghiém 1 cho thdy, nong do co
chat tinh bot 20% (w/v) mang lai hiéu qua hinh
thanh RS cao nhat. Qua trinh thiy phan bang
enzym pullulanase & néng do nay tao diéu kien toi
uu cho s tiép xuc gitta enzym va co chat, dan dén
su gia ting ham luong RS. Nguoc lai, nong do co
chat qua cao dan dén gidm hiéu qua thay phan do
su thiéu nudc va kha nang truong nd kém cua tinh
bot, lam giam su hinh thanh RS.

312 Anh huong cua hoat do enzym
pullulanase dén ham lrong tinh bot khang

S6 lieu & hinh 2 cho thdy, co su thay d6i ham
luong RS cua san phdm khi hoat do enzym
pullulanase thay déi. Cu thé, ham luong RS tang tir
mau co6 hoat do enzym tang tir 10 U/g (7,31%) dén
30 U/g (10,52%), sau do giam lan lwot & cac mau

c6 hoat @0 enzym 40 U/g (9,13%) va 50 U/g
(7,54%). Su c6 mat ciia enzym pullulanase dan toi
qua trinh phan cit mach nhanh amylopectin ctia
tinh bot, tao nhiéu mach thang amylose. Cac mach
nhanh sé duoc chuyén thanh cau triuc xodn kép
sau giai doan thoai hoa lam cau truc tinh bot vitng
chac hon, dan dén su can tré tac dong thuy phan
cuia enzym tiéu hoa. Ti lé gia tang RS phu thudc
nhiéu vao do dai mach xodn kép va ché do thoai
hoa [14].
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Hinh 2. Anh hudng cfia hoat d6 enzym dén ham
lrong tinh bot khang

Ghi chu: Cic chir s6 khdc nhau trén cung mot
cot hay mot hang biéu hién su khdc biét co y nghia
clia cdc nghiém thirc, vor mitc y nghia o = 0,05%.

Do do, hoat @ enzym pullulanase t6i uu duoc
lira chon 1a 30 U/g. Trong mot sé nghién ctru trudc
day, da cho thdy hoat do enzym pullulanase thuy
phan: Pullulan t6i wu 19 U/g [15], tinh bot ngo 23
U/g [16], diéu nay cho thiay co chat c6 thé la
nguyén nhan dan dén sy khac biét.

Nhu vay, hoat @0 enzym pullulanase duoc sit
dung trong qua trinh thdy phan tinh bot gao
OM18 nham hinh thanh RS cao nhat 1a 30 U/g.

3.1.3. Anh hudng cia thoi gian thiy phan dén
ham lirong tinh bot khang

Thi nghiém khao sat thoi gian thuy phan tinh
bot trong khoang 2 - 10 gio (Hinh 3). Két qua
nghién cttu cho thay, ham luong RS ting tir 6,53%
& 2 gio lén dén muc cao nhat 1a 11,58% ¢ 6 gio,
trude khi gidm xuong 10,74% luc 8 gio va 10,37% &
10 gio. DPiéu nay cho thay, thoi gian thily phan
khoang 6 gio 1a thoi diém toi vu dé dat hiéu suat
cao nhat trong san xuat tinh bot khang bang

34 NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 12/2024



KHOA HOC CONG NGHE

enzym pullulanase. Nghién ctu cta Gonzalez
(2004) [17] cho thay, thoi gian thiy phan toi wu dé
dat ham luong RS cao nhat trong tinh bot chu6i la
5 gio. Tuong tu, can 6 gio dé thity phan voi co chat
pullulan [15].
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Hinh 3. Anh hudng ciia thoi gian dén ham luong
tinh bt khang
Ghi chu: Céc chir s6 khac nhau trén cung mot
cot hay mot hang biéu hién sur khéc biét co y nghia
cua cdc nghiém thiic, voi nuic y nghia o = 0,05%.

Két qua thi nghiém cing cho thay, sau muc
thoi gian t6i wu, hiéu suat hinh thanh tinh bot
khang c6 xu huong giam do tac dong ciia cac san
phidm thay phan, diéu nay do twong tac gitta
enzym va tinh bot trong qua trinh thay phan.

Nghién ctu chi ra rang, thoi gian thiy phan
t6i uu bang enzym pullulanase 1a 6 gio dan dén
hinh thanh tinh bot khang cao nhat, dat 11,58%. Do
do, thoi gian 6 gid 1a Iwa chon hiéu qua dé 1lam tang
tinh bot khang.

3.1.4. Anh hudng cia pH dén ham luong tinh

bot khang
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Hinh 4. Anh huémg ctia pH dén ham heong
tinh bot khang

Ghi chi: Céc chir so khdc nhau trén cung mot
cot hay mot hang biéu hién sur khac biét co y nghia
clia cdc nghiém thirc, vor mitc y nghia o = 0,05%.

Nghién ctu tap trung vao danh gia tac dong
cia pH moi truong thity phan 1én hoat dong cta
enzym pullulanase va ham luong tinh bot khang
(RS) trong san pham. Két qua cho thay, diéu chinh
pH déng vai tro quan trong trong qua trinh thuy
phan, anh huéng dén kha nang phan cit va hinh
thanh cac san pham co6 tinh chat khang tiéu hoa.

Hinh 4 cho thay, ¢ pH 4,5 duoc xac dinh la
diéu kién toi vu nhat cho enzym pullulanase, khi
d6 ham luong RS dat cao nhat 1a 12,07%, khac biét
c6 y nghia so voi cac mic pH khac (4,0; 5,0; 5,5;
6,0). Két qua thi nghiém phu hop véi thong tin tir
nha san xuat Amano, pH t6i uvu cho enzym
pullulanase nidm trong khoang tur 4,5 - 5,5. Mac du
ham luong RS van kha cao tai cac muac pH 5,0 va
5,5 (11,1 va 9,22% tuong ung), nhung khi pH dat
6,0, ham luong RS gidm xudng con 7,54%. Diéu nay
cho thay su anh hudng ctia pH dén qua trinh thay
phan gitap hinh thanh tinh bot khang.

Tém lai, dé toi wvu hoa qua trinh thay phan
enzym pullulanase va san xuat tinh bot khang co6
hiéu qua cao can chon moéi truong thiy phan voi
do pH 4,5.

3.1.5. Anh hutng cia nhiét do thiy phan dén
ham lirong tinh bot khang
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Hinh 5. Anh huéng ctia nhiét 46 dén ham
lrgng tinh bjt khang
Ghi chu: Cic chir s6 khdc nhau trén cung mot
cot hay mot hang biéu hién sur khdc biét co y nghia
ciia cdc nghiém thirc, vor mitc y nghia o = 0,05%.
Thi nghiém duoc thuc hién khao sat & cac
muc nhiét do 45, 50, 55, 60, 65°C va 4 thong s6 da
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duoc lua chon & 4 thi nghiém trén bao gém: Nong
do co chat tinh bot 20%, hoat d6 enzym 30 U/g,
thoi gian ngam 6 gio va pH 4,5.

Két quéa nghién cttu da xac dinh s anh huéng
ctia nhiét do thay phan do6i voi hoat tinh cua
enzym pullulanase va ham luong tinh bot khang
hinh thanh trong san phidm. Hinh 5 cho thay, ham
luong tinh bot khang tang dan tir 7,99% & nhiét do
45°C lén 12,2% & 55°C, diéu nay phu hop véi thong
tin huong dan ctia nha san xuat enzyme Amano vé
nhiét do t6i uvu cho hoat dong enzym la khoang
55°C.

Tuy nhién, khi nhiét do thiy phan tiép tuc
tang lén, ham luong tinh bot khang da giam
xuodng, dat 10,36% & 60°C va 8,39% ¢ 65°C. Diéu nay
cho thdy, su giam hiéu qud cta qua trinh thiy
phan khi vuot qua nhiét do toi uvu. Két qua thi

@

nghiém tuong dong cac nghién ctru thuc hién qua
trinh thiy phan tinh bot ngo t6i uu tai nhiét 50,
58°C [18], [19].

3.2. Panh gia chdt luong san phdm bét gao
gidu ham luong tinh bot khang

321 Két qua SEM

Tinh bot gao duoc chup qua kinh hién vi dién
tir quét (Scanning Electron Microscopy - SEM) la
mot ky thuat hinh anh dung dé quan sat bé mat va
ciu truc ctia mau vat voi do phong dai cao va do
phan giai tot. SEM cho phép nghién ctu chi tiét
hinh thai bé mat, phan tich thanh phan héa hoc
khi két hop voi hé thong phan tich tia X (EDS) va
kiém tra chat luong ciing nhu x4c dinh cac khuyét
tat ctua vat lieu [20].

(b)

Hinh 6. Két qua SEM ctia tinh bt trudc khi xit Iy (a) va sau khi xit ly (b)

Két qua chup SEM cta 2 mau tinh bot gao
nguyén lieu cho thdy, c6 su khac biét ro rét vé
kich thuéc hat va cdu tric bé mat, anh hudéng dén
kha nang khang tiéu héa ctia chung. Mau bot gao
nguyén liéu (6a) co kich thudc hat nho va bé mat
tron tao ra dién tich bé mat tiép xdc 16n hon, giup
enzym tiéu hoa dé dang tin cong va phan giai tinh
bot. Nguoc lai, mau tinh bot gao thanh phidm (6b)
sau xtt Iy co6 kich thudc hat 16n va c6 hién tuong bi

vo lam giam dién tich bé mat tiép xtc hiéu qua voi
enzym tiéu hoa, dan dén qua trinh thuy phan dién
ra cham hon.

3.2.2 Két quad do mau sac tinh bot

Dbé so sanh su thay ddi mau sic cta hai mau
tinh bot trong nguyén liéu truedce va tinh bot thanh
phdm sau khi xtt ly duoc ghi nhan béi su thay déi
cac gia tri L*, a*, b* va duoc xac dinh boi W.

Bang 1. Sy thay d6i mau séc ciia tinh bét khi xtt Iy 1am ting tinh bot bén bing enzym pullulanase

. Két qua
Mau tinh bot gao
L* a* b* W
Tinh bot nguyén liéu 97,73+ 0,68 | -4,60+0,07* | 10,67+047* | 88,30=0,30°
Tinh bot thanh phdm 89,61 + 0,97" -4,52+0,09° | 10,84+0,16* | 84,32+0,64°
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Két qua nay cho thay, c6 su khac biét vé mau
sac (W) gitra mau tinh bot gao nguyeén liéu va mau
tinh bot gao sau xtt ly (c6 thé nhin thdy bang mat
thuong). Ca hai gia tri a* nay déu am, biéu thi do
léech mau xanh 14 cay. Gia tri b* biéu thi gia tri
duong nén chuyén sang mau vang. Tuy nhién, so
vOi mau nguyén liéu tho, mau sau khi xir Iy RS c6
chi s6 b* cao hon, diéu nay cho thay thanh phan
RS sé tao ra thanh phdm c6 mau vang nhe.

1 BGNL OM18.brmi

e b b 8.3 .8 8 3 8 8 8 %

2Theta (Coupled TwoTheta/Theta) WL=1.54060

()

3.2.3 Két qui XRD

Phan tich XRD (Xeray diffraction) trong
nghién cttu tinh thé tinh bot giup xac dinh ciu trac
tinh thé, dic tinh hinh dang va kich thuoc cta cac
tinh thé, cting nhu danh gia su thay déi cau tric
ctia tinh bot trong cac diéu kién khac nhau nhu
diéu kién xtr ly enzym hay nhiét do [9].

1 TBG OM18 XLbrrml

T T T r T
n ) “© £ B

2Theta (Coupled TwoTheta/Theta) WL=1.54060

(b)

Hinh 7. Két qua XRD ctia tinh bt trudc khi xir Iy (a) va sau khi xi Iy (b)

Dua vao két qua phan tich XRD, mau gao
OM18 trude va sau khi xtt Iy cho thdy, sy thay déi
ro rét trong cau truc tinh thé caa tinh bot. Mau
tinh bot gao nguyén lieu ban dau chua xtt ly (7a)
thuong co cau trac tinh thé loai A, duoc biéu hién
bang cac peak XRD tai cac goc 15, 18, 23° (26),
dién hinh cho tinh bot thong thuong. Trong khi
do, tinh bot gao sau khi xtt Iy bang enzym (7b) da
hinh thanh tinh thé dang V, duoc ching minh béi
su xuat hién cta cac dinh XRD tai cac goc 13 va
20° (20). Cau truc tinh thé dang V nay thuong co6
tinh chat khang tiéu héa hon so véi tinh thé loai V
[21], c6 thé do qua trinh xtt Iy nhu thuy phan bang

enzym hodc cac bién d6i héa hoc khac trong qua
trinh san xuat.

3.2.4 Két qud FTIR

FTIR (Fourier Transform Infrared Spectroscopy)
duoc sit dung dé phan tich kha niang khang tiéu
hoéa cta tinh bot bang cach xac dinh cau tric hoa
hoc va cac nhom chic hién dién trong mau. Cac
dai hap thu trong phé FTIR cung cip thong tin vé
cac lien két héa hoc, nhu O-H, C-H va C=0, tir d6
giup hiéu ro hon vé ciu truc vi mo va nhimg thay
d6i do qua trinh xtt ly [22].
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Hinh 8. Két qua FTIR cua tinh bt trude khi xit 1y (a) va sau khi xir ly (b)
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Phan tich phé FTIR ctia hai mau tinh bot gao
OM18, mau nguyén lieu va mau sau xir ly cho
thay, su khac biét dang ké vé cac dai hap thu trong
viung phé tir 3.000 - 3.600 cm L. Mau nguyeén liéu
8(a) thé hien dai hap thu manh ¢ 3.400 cm ! cho
thay, su hién dién ctia nudc va O-H. Trong khi mau
xtr ly (8b) c6 su thay déi cuong do va vi tri cia dai
nay cho thay, cau truc O-H da bi thay déi. Ving
2.800 - 3.000 cm ! chi ra su thay d6i nho trong cau
tric & mau xtt ly, trong khi viing 1.600 - 1.800 cm !
cho thay sy hinh thanh céc lién két C=0 moi, gop
phan tang kha nang khang tiéu hoa ctia mau xtr ly.
Cac thay d6i nay cho thay, su bién d6i cau tric
phan t& tinh bot, lam tang kha ning khang tiéu
hoa so v6i mau nguyén liéu.

3.2.5. Danh gid cdc chi tiéu chat Irong sidn
pham bot gao gidu tinh bot khang

Chat luong san phdm tinh bot gao RS sé duoc
danh gia thong qua cac chi tiéu hoa ly, day la yéu
cau rat quan trong do6i voi nha san xuat, quyét dinh
lwa chon va ing dung vao quy trinh ché bién thuc
phdm (Bang 2).

Béng 2. Chi tieu héa ly sin phdm tinh bt gao RS

STT Tén chi tieu bonvi | Két qua
1 Ham luong tinh bot | g/100 g 70,6
2 Ham luong protein | g/100 g 9,67
3 Ham luong lipit g/100 g 1,14
4 Ham luong tro g/100 g 0,46

Ham luong duong
5 Kkhit g/100 g 0,23
g | Hamluomgduong | 1000 | (o3

tong so

Ham luong tinh bot
7 khang g/100 g 12,2
8 Do am g/100g | 11,50
Do trang 84,32

Dua theo két qua kiém nghiém san phdm,
ngoai thanh phan chinh 1a RS dat 12,2%, tinh bot
ga0 RS c6 chira day du cac thanh phan dinh duong
la tinh bot, protein, lipit, khoang chat. Pong thoi,
d6 4m san phdm sau khi say dat 11,5%, duéi muc

can thiét cho ndm mdc, vi sinh vat phat trién gay
hu hong san pham.
4. KET LUAN

San pham tinh bot gao OM18 giau tinh bot
khang c6 thé duoc san xuit bang cach thiy phan
cat mach nhanh véi xic tac cta enzym
pullulanase. Cac thong so t6i vu da duoc nghién
ctru va thiét 1ap dua vao xac dinh ham luong RS
hinh thanh. Nguyén liéu gao tim OM18 duoc thay
phan bang enzym pullanase voi cac thong so t6i uu
lan luot: Nong do co chat (20%), hoat do enzym (30
U/g), pH (4,5), nhiét d6 (55°C), thoi gian thay
phan (6 gio). Két qua nghién ctru thu duoc san
pham tinh bot gao véi ham luong tinh bot khang
dat 12,2%. Tir nhting so6 liéu khao sat, chimg to viéc
st dung qua trinh thuy phan bang enzym
pullulanase dé lam tang ham luong tinh bot khang
tir nguyén liéu gao 1a phut hop @€ san xuat tinh bot
gao RS. San pham bot gao thu duoc tir nghién ctru
sé 1a tién dé cho cac du an phat trién cac san pham
moi, gia tri gia tang tir tinh bot gao RS dang “thuc
phidm bd sung prebiotics” dap tng nhu cau cda
nguoi stta dung nhu an kiéng, bao vé stc khoe,
giam can va phong ngtra bénh dai thao duong. Tw
d6 gop phan nang cao gia tri hat gao, tang thu
nhap cho nguoi trong laa, phat trién nén nong
nghiép bén ving.
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STUDY ON FACTORS AFFECTING THE PROCESS OF HYDROLYSIS BY ENZYME PULLULANASE
TO INCREASE THE CONTENT OF RESISTANT STARCH FROM RICE

Nguyen Hoang Anh !, Nguyen Thi Thanh Tu !, Tran Vo Quoc Huy ?,

Cao Thi Nhu Y }, Do Kinh Kha !, Vo Tra My !, Le Nguyen Doan Duy !

! Faculty of food science and technology, Ho Chi Minh city University of Industry and Trade
Summary

The study aimed to determine the optimal conditions to increase the content of digestive resistant
starch by biological methods applying pullulanase enzyme to hydrolyze OM18 rice starch. The
experiment was conducted to investigate the effects of factors affecting pullulanase enzyme
activity: substrate concentration (10 - 50%), enzyme activity (10 - 50 U/g), hydrolysis time (2 - 10
hours), pH (4.0 - 6.0) and temperature (45 - 65°C) to resistant starch content. The results
determined the optimal conditions for pullulanase enzyme activity: substrate concentration (20%),
enzyme activity (30 U/g), time hydrolysis (6 hours), pH (4.5), temperature (55°C). The research
results showed that the digestive resistant starch content of OM18 rice starch reached 12.2%.
Research data is the premise for building a process to produce rice starch rich in digestive
resistant starch content to apply to the processing of prebiotics food supplement products.
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