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TOM TAT: Cam gao la phu pham cua qua trinh xay Xat gao va rat giau hydratcarbon, dic biét la xylan.
Pay 1a ngudn nguyén liéu doi dao dé san xut chat xo hoa tan xylooligosaccharide (XOS), la co chét thich
hop cho nhiéu vi khuan co lgi phd bién trong dai trang nhu Bifidobacteria va Lactobacillus. Bén canh do,
XOS ¢6 nhiéu hoat tinh sinh hoc quy nhu kich thich mién dich, ting hp thu khoang, vitamin cho co thé va cé
uu thé vé cdng nghé nén hién nay dang duoc thi truong thuc phdm chirc nang quan tdm. Thiy phan cam gao
sir dung xylanase 1a phuwong phép thuong duoc lya chon dé san xuat XOS tir cam gao. Hién tai, Viét Nam van
dang thiéu mot cong nghé san xuat XOS tir cam gao hiéu qua, c6 do sach cao va an toan thyc pham. Bai bao
nay trinh bay cac két qua nghién ciru méi cia chung tdi vé viéc t6i wu hoa qua trinh thiy phan cam gao voi
enzyme xylanase str dung bai toan quy hoach bac 2 theo Box-Behnken nham thu nhan XOS hi¢u qua tir
ngudn phu thai cam gao. Diéu kién tdi uu cho enzyme xylanase dé thiy phan cam gao vé Iy thuyét dugc xac
dinh 1a ndng d6 enzyme 0,25% tai pH 5,5 & nhiét d6 50°C trong 18 gio. Cac nghién ciru thuc nghiém da duoc
thuc hién dé kiém chung cac diéu kién nay. San pham XOS thu duoc chira chi yéu la xylobiose, xylotriose va

xylotetraose.

Tir khéa: Cam gao, xylooligosaccharide (XOS), xylanase, téi vu hoa Box-Behnken.

MO DAU

Supplement & Viét Nam hi¢n nay ngay mot
tang cao do chét lugng cuge séng da duoc cai
thién, thuc pham bo sung da dang, tién dung,
phu hop véi 16i séng hién dai. Mot trong nhiing
thuc pham bd sung quan trong la cac chat xo
con goi la prebiotic. Céc san pham chét xo hoa
tan duoc st dung nhidu & Vigt Nam la cac
ohgosaccharlde (OS), trong do ndi bat 1a GOS
va FOS dé lam nhiing chat phu gla trong thuc
pham. Viéc nghién ciru san xuat c4c chat xo OS
trén thé gioi ciing da duoc tién hanh (Akpinar et
al, 2009; Nicole, 2009; Teng et al., 2010; Yang
et al., 2005). O Viét Nam, cong nghe san xuat
OS néi chung con chua hiéu qua chua c6 tinh
dinh huorng san pham cao, céng nghé xu ly
enzyme va tinh sach san pham chua duoc téi vu
hoa dé co san pham OS dic hiéu, ¢6 chat luong.
Den thoi diém nay, cac OS nhu FOS hay GOS
van dang phai nhap ngoai cho thi truong trong
nudc. Ngoai FOS va GOS, mot OS khic cling
dang rat dugc quan tam 1a XOS. XOS c6 nhiing
tac dung sinh hoc va dac tinh cdng nghé uu viét
hon so véi FOS va GOS, déc biét la kha nang
c6 thé duoc 1én men boi nhleu chung vi khuan

probiotic khdc nhau nhu Bifidobacteria hay
Lactobacillus, XOS hitra hen 1a mot thuc pham
bd sung c6 tiém nang 16n (Aachary & Prapulla,
2011; Gullo’n et al., 2008; Hamid & Luan,
2000; Hsu et al., 2004; Moura et al., 2007;
Vigsnaes et al., 2011).

Viét Nam la mot trong nhiing nudéc Xuét
khau gao lon thé gigi. Theo Bo Nong nghi¢p va
Phét trién nong thon, lugng .gao xuat khau nim
2013 dat khoang 7,7 triéu tan (http:/vtv.vn/kinh-
te/xuat-khau-gao-nam-2012-dat-ky-luc  68736.htm).
Vi thé, lugng cam 'gao, phu pham cua qua trinh
xay Xat gao ciing rat l6n. Cam gao co gia tri dinh
duong dang quan tam vé6i  thanh phan
hydratcarbon chiém 38,7-44,3%, trong do xylan
6 ham lugng cao nén ciing la mot nguon nguyén
liéu tot cho san xuat chit xo hoa tan XOS. O Viét
Nam, viéc nghién ciu san xuat cac OS tir cam
gao chua dugc quan tam nhiéu. Co thé noéi rang,
mac du cam gao la nguon nguyen ligu glau xylan
nhung dén nay Viét Nam van chua c6 cong nghé
phu hop va hiéu qua dé thu dugc XOS c6 chat
luong tot.

Trong bai bao trude day chiung t6i da cong
b quy trinh san xuit XOS & quy md phong thi
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nghiém s dung cong nghé da enzyme (Tran
Thi Nhung et al., 2013). Bai b4o nay trinh bay
cac ket qua nghién cau méi cia chang t6i ve
viéc t6i wu hoa qua trinh thay phan cam gao véi
enzyme xylanase su dung bai toan quy hoach
bac 2 theo Box-Behnken nham thu nhan XOS
hiéu qua tr cam gao dé lam thuc pham
chtrc nang.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Cam gao duoc thu mua tir cac nha may va
co sO xay xat gao & Ha Noi. Enzyme protease,
a-amylase, xylnase (Ultraflo MAX) dugc mua
tir hang Novozyme, Pan Mach. Cac hoa chit
con lai déu dat muc tinh sach phan tich.

Pinh luwgng xylose va XOS

Dua vao phuong phap quang phé dé dinh
luong xylose tong s ¢6 trong mau nghién ciru
sau khi xur ly véi axit HCI, tir d6 tinh dugc ham
lugng XOS dwa vao chit chuin (Wako). XOS
dugc xir ly vai HCI 1,3 M trong 1 gio ¢ 100°C
dé thuy phan hoan toan xylan thanh xylose. Sau
khi trung hoa véi NaOH 1,3 M, mau nghién ctu
duoc ly tdm va thu dich néi. Ham luong xylose
trong dung dich duoc xac dinh bang kit D -
xylose (Megazyme) (Tran Thi Nhung et al.,
2013).

Sdc ky 16p mong dinh tinh dwong XOS

XOS dugc dinh tinh trén ban sic ky 16p
mong (TLC) silicagel 60 Fzss (Merck 1.05554;
20 x 20 cm) sir dung hé dung mdi phan tach n-
butanol:axit acetic:H,O véi ty Ié 3:1:1. Ban sic
ky dwuoc hién mau bang aniline trong hén hop
axit phthalic va n-butanol bdo hoa. Cac vach
dudng hién mau nau sau khi chay sic ky khoang
90 phat va phun thudc hién mau (Tran Thi
Nhung et al., 2013).

Phirong phap téi wu héa thiy phan cim gao
bang enzyme dé san xudt XOS

Tbi wu hoa cac diéu kién nghién ctu san
xuit XOS véi cac yéu td tdi vu 1a nhiét do, thoi
gian, co chét va pH theo quy hoach bac hai md
hinh Box-Behnken véi 29 thi nghiém trong do
c6 5 thi nghiém Iap lai tai tm. Trong nghién
ciru nay, viéc toi uu duoc thuc hién sir dung
enzyme xylanase (Ultraflo MAX). Phan mém
DX7 (Design-Expert 7.1.5) dugc sir dung dé
phan tich cac hé sé hoi quy, thiét 1ap bé mat dap
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(g Va t6i wu hoa theo ham mong doi, ANOVA
dugc str dung danh gia cac thong so thong ké
(Bui Minh Tri, 2015).
Xir Iy s6 ligu

Cac s6 liéu duoc xir ly bang phuong phap
thong k& s dung tiéu chuan t-test hodc

ANOVA trong trudong hop so sanh nhiéu mau
vai gia tri p < 0,05.

KET QUA VA THAO LUAN

T6i wu héa diéu kién thiy phan xylanase dé
thu nhan XOS tir cam gao

Quy trinh thu nhan XOS ¢ quy mo6 20 kg
cam gao/mé da dugc chang tdi cong bo trude
day la quy trinh da enzyme trong d6 da su dung
amylase dé loai bo tinh bot va alcalase de loai
bo protein trudc khi sir dung xylanase dé thuy
phan xylan cam gao thu nhan XOS (Tran Thi
Nhung et al., 2013). Pay la quy trinh uu vigt,
phu hop véi dleu kién Viét Nam. Quy trinh nay
str dung cong ngh¢ enzyme nén than thi¢n moi
tmong, khong st dung hoa chat dé& xu ly
nguyén li¢u nén san pham XOS thu dugc dam
bao an toan thuc pham Quy trinh cling khong
c6 san pham phu nén khong phai xua Iy moi
truong. San pham XOS thu dugc tu quy trinh ¢
d6 sach tuwong ddi cao. Trong nghién ctu nay,
nhim muc dich thu nhan XOS & quy md Ién
hon véi hi¢u qua cao hon, cam gao da duoc loai
bo tinh bot va protein dugc str dung lam nguyén
liéu ban dau dé tién hanh téi wu hoa qua trinh
thay phén xylan str dung xylanase théng qua mé
hinh quy hoach bac hai theo Box-Behnken. Mo
hinh quy hoach bac hai nay voi cac thong s6
dau vao la cac diéu kién thich hop da dugc xac
dinh tir quy trinh thu nhan XOS & quy mo 20 kg
cam/ mé da cong bd trudc day (Tran Thi Nhung
et al., 2013). Phan mém DX7 da duoc st dung
Vi 4 yéu té quan trong anh huéng dén dong
hoc cua qua trinh thiy phan enzyme la nhi¢t do,
thoi gian, pH va ndng d6 enzyme. O day, X1 la
nhigt d6, X2 la thoi gian, X3 1a co chat, X4 1a
pH. Ma tran thi nghiém gom 29 thi nghiém két
hop 4 yéu to Véi 3 mirc thap, cao va trung binh.
Két qua tdi wu diéu kién thuy phan xylanase
duogc trinh bay trong (bang 1) cho thay 5 thi
nghlem tai tdm (25, 26, 27, 28, 29) dugc 1ap lai
6cad diéu kién: nhiét do, th0’1 gian, co chat pH
gidng nhau va cho ham lugng XOS gan bang
nhau (déu nam trong khoang 81-83 mg/ml).
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Bang 1. Két qua thuc nghiém ma tran Box-Behnken 4 yéu t6 voi xylanase

STT Nhiét @ (°C) Thai gian (gio) Enzyme (%) pH XOS (mg/ml)
1 40,00 15,00 0,25 5,50 12,31
2 60,00 15,00 0,25 5,50 18,40
3 40,00 21,00 0,25 5,50 38,71
4 60,00 21,00 0,25 5,50 10,70
5 50,00 18,00 0,10 5,00 46,97
6 50,00 18,00 0,40 5,00 62,21
7 50,00 18,00 0,10 6,00 43,25
8 50,00 18,00 0,40 6,00 61,99
9 40,00 18,00 0,25 5,00 15,54
10 60,00 18,00 0,25 5,00 15,20
11 40,00 18,00 0,25 6,00 22,22
12 60,00 18,00 0,25 6,00 3,82
13 50,00 15,00 0,10 5,50 63,98
14 50,00 21,00 0,40 5,50 28,27
15 50,00 15,00 0,40 5,50 41,03
16 50,00 21,00 0,40 5,50 83,24
17 40,00 18,00 0,10 5,50 29,36
18 60,00 18,00 0,10 5,50 8,37
19 40,00 18,00 0,40 5,50 30,18
20 60,00 18,00 0,40 5,50 31,69
21 50,00 15,00 0,25 5,00 45,20
22 50,00 21,00 0,25 5,00 46,59
23 50,00 15,00 0,25 6,00 30,07
24 50,00 21,00 0,25 6,00 54,51
25 50,00 18,00 0,25 5,50 81,21
26 50,00 18,00 0,25 5,50 83,39
27 50,00 18,00 0,25 5,50 80,46
28 50,00 18,00 0,25 5,50 82,75
29 50,00 18,00 0,25 5,50 83,80

M6 hinh toan hoc xay dung dugc cho ham muc tiéu véi céc diéu kién; R? cang
thay, R? bang 0,9944 (bang 2), tic la co the  tien gan den 1, sy phu hop cia md hinh
du doan duoc 99,44% cac moi quan hé cia cang cao.

Bang 2. Su phu hop cia md hinh thuy phén xylanase

Source Squares df Square Value Prob > F
Linear 17634,60 20 881,73 429,46 <0,0001
2FI 15482,36 14 1105,88 538,64 <0,0001
Quadratic 97,66 10 9,77 4,76 0,0732 Suggested
Cubic 33,42 2 16,71 8,14 0,0389 Aliased
Pure Error 8,21 4 2,05
Source Std Dev. R-Square Adjusted Predicted PRESS
R-Square R-Square
Linear 27,11 0,0645 -0,0914 -0,2660 23877,04
2FI 29,34 0,1786 -0,2777 -0,8181 4289,22
Quadratic 2,75 0,9944 0,9888 0,9695 575,34 Suggested
Cubic 2,63 0,9978 0,9897 0,7441 4825,42 Aliased

Két qua phan tich phuong sai ANOVA cia  bay & (bang 3). Trong bang nay, bién s6 tuong
mo hinh t6i wu thiy phin xylanase dugc trinh  tac CD (C: enzyme, D: pH) c6 gia tri p cao, gay
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anh hudng dén ham muc tiéu. Mac do cong cua
cac dudng do thi trong hinh 1 biéu thi mic do
anh huong khac nhau cua 4 yéu tb nhiét do, thoi
gian, ndng d6 enzyme va pH. Yéu té niao c6 do
cong cang nhiéu, mac anh huéng cang 16n va
nguoc lai. Trong md hinh nay, yéu té A (nhiét
d6) ¢6 muc d6 anh huong Ion nhat dén ham
muc tiéu, anh huong Ion thir hai 1a yéu t6 D
(pH), dnh huong thu ba la yeu t6 B (thoi gian)
va anh huong cudi cung la yéu té C (ndng do
enzyme).

Perturbation

Hinh 1. Anh huéng ciia cac diéu kién thuy phan
cta xylanse dén ham lugng XOS thu duoc. (A).
Nhiét do; (B). Thoi gian; (C). Nong do enzyme;
(D). pH

Bdng 3. Két qua phan tich phuong sai ANOVA ctia md hinh tbi wu thuy phan xylanase
Thongsé | Tong phwong sai Trung binh Chuan F Mikc c6 ¥
Bac tw do Binh phwong phwong nghia
sal
M6 hinh 18753,70 14 1339,55 177,14 < 0,0001
X1 301,55 1 301,55 39,88 < 0,0001
X2 217,01 1 217,01 28,70 < 0,0001
X3 677,28 1 677,28 89,56 < 0,0001
X4 20,92 1 20,92 2,77 0,1185
X1 X5 290,78 1 290,78 38,45 < 0,0001
X1 X3 126,46 1 126,46 16,72 0,0011
X1 X4 81,54 1 81,54 10,78 0,0054
X2 X3 1517,53 1 1517,53 200,68 < 0,0001
X X4 132,87 1 132,87 17,57 0,0009
X3X4 3,05 1 3,05 0,40 0,5357
X12 14180,86 1 14180,86 1875,25 < 0,0001
X22 1917,40 1 1917,40 253,55 <0,0001
X32 649,18 1 649,18 85,85 < 0,0001
X42 2691,98 1 2691,98 355,98 < 0,0001
S6 dys 105,87 14 7,56
Khéng twong 97,66 10 9,77 4,76 0,0732
Sai sb 8,21 4 2,05
Téng sai sb 18859,57 28

Nhu vay, ca 4 yéu té nhiét do, thoi glan
nong do enzyme va pH déu anh huéng co y
ngh1a dén qua trinh thuy phan (p<O 0001) Tu
md hinh toi uvu ANOVA cé the thdy, mo hinh
chira nhiéu bién c6 mirc c6 nghia p < 0,0001 thé
hién ham muc tiéu dat hiéu qua cao. Gia tri R
va R? dleu chinh cang gan nhau va tién t6i 1 mo
hinh ti wu dat hiéu qua va do chinh x&c cang
cao. Trong (bang 2) gia tri R? dat 0,9944 va R2
diéu chinh dat 0,9888. Nhu vay, m6 hinh du
doan dugc gan nhu toan bd ham muc tiéu. biéu
nady khing dinh md hinh tdi wu thay phan
enzyme xylanse cé dg tin cay va hiéu qua gan
nhu hoan toan. Yéu t6 D (pH) c6 gia tri p cao
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nhung khong thé loai bo bién nay vi déy la yéu
t6 anh huéng quan trong thir 2 dén hoat dong
cua enzyme (chi dirng sau nhiét do). Néu loai bo
yéu t D, s& khong con blen thirc bac 1 trong
phuong trinh hoi quy, dleu nay anh huéng dén
cac tuong tac khac voi blen D nhu AD, BD va
CD. Tuy nhién, trong diéu kién thi nghlem o
day, can ctr vao d6 thi anh huong cua cac phan
tich yéu té anh huong nén twong tac CD ¢o thé
loai b6 vi trong mé hinh t6i wu con nhiéu sy
twong thich khac nhau ciling c6 nghia. M6 hinh
t6i wu cho hiéu qua cao hon sau khi loai bién
CD duoc thé hién ¢ bang 4. Gia tri R* dat
99,42%, R? diéu chinh dat 98,92% va R? dy
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doan cudi cung dat 97,20% cao hon so véi mo
hinh chua loai bo bién CD. Nhur vay, Vai s6 lidu
thuc nghiém cua bai toan, md hinh cé thé dy

doan den 97,20% ham muc tiéu. Khi thém hay
b6t bat Ki su twong tac ndo, ham muc tiéu khong
bi thay doi.

Bdng 4. Sy pht hop ctia mé hinh ti uu thity phan xylanse khi loai twong tic CD

Std. Dev 2,69 R-Squared 0,9942

Mean 43,30 Adj R-Squared 0,9892
CV.% 6,22 Pred R-Squared 0,9720
PRESS 528,49 Adeq Precision 43,809

Phuong trinh ham hdi quy biéu hién ham
luong XOS dugc thiét lap nhu sau:

Y = 82,33 — 5,01X; — 46,76X:? — 4,25X, —
17,19X,% — 7,51X5% — 10X - 1,32Xq — 20,37X4? —
8,53X1X, + 5,62X,X3 - 4,52X1Xs + 19,48X:X3 +
5,76X,X4

Bé mat dap Gng cua ham lugng XOS duoc

Ay

e Vs

thé hién & hinh 2 cho thay, mo hinh t6i wru tuong
thich, thé hién & chd ving téi wu lya chon nam
& tam cua bé mat dap tung.

Ham Ky vong va diéu kién téi wu thiy phan
xylanase dugc trinh bay ¢ hinh 3. Ham ky vong
dat gié tri bang 1 Chung t6 cac diéu kién téi wu
hoan toan phu hop va dat hiéu qua cao.

Hinh 2. B& mit dap ang cua ham lugng XOS khi cac diéu kién thity phan thay doi

40,00 60.00 15.00

nhiet do = 4785

500 .00 JE3

pH = 5.41

i gian = 19,18

o chat = 034

Desirability = 1,000
L 2

a1

ham leang xos = B4.84

Hinh 3. Ham ki vong va diéu kién téi uu cho xylanase thuy phan cam gao thu san pham XOS

Nhu vay, diéu kién t6i uu vé ly thuyét dé
thu nhan ham lugng XOS tir cam gao khi thuy
phén vai xylanase ¢ nhiét do 50°C, thoi gian
thity phan 18 gio, nong do enzyme 0,25% va pH
5,5. Cac nghién ctru thuc nghiém da duoc thuc
hién dé kiém chiing cac didu kién nay (s6 liu
khéng trinh bay ¢ day).

Pinh tinh XOS

Do sach cua ché phém XOS thu dugc da
dugc kiém tra bang sac ky lop mong. Ket qua
sac ky l6p mong (hinh 4) so voi mau XOS
chuan cua hang Wako (Nhat Ban) cho thay, san
phim XOS thu dugc c6 chia chu yéu la
xylobiose, xylotriose va xylotetraose, tuong tu
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véi ket qua thu dugc trong cac cdng bd cua
nhiéu tac gia truéc day (Aachary & Prapulla,
2011; Tran Thi Nhung et al., 2Q13) bay la
nhitng ollgosaccharlde mong muon vi chang
duoc cac vi khuan probiotics trong dai trang
ddng hoa tét nhat (Aachary & Prapulla, 2011).

Xylobiose
Xylotriose > ;
it
Xylotetraose b

v

1

4

XO0s
Wako

XO0s

thanh pham
Hinh 4. Sic ki d6 TLC san phdm XOS thu duoc
sau thuy phan cam gao

KET LUAN

Da x4c dinh dugc diéu kién téi uu cho thuy
ph&n cam gao bang xylanase dé thu nhan XOS
str dung quy hoach bac 2 Box-Behnken la: nhigt
do 50°C, thoi gian thuy phan 18 gio, nong do
enzyme 0,25% va pH 5,5. San pham XOS thu
dugc chira cha yéu la xylobiose, xylotriose va
xylotetraose.

Loi cam on: COng trinh nay dugc hoan thanh
v6i sy hd tro kinh phi cia Dy an san xuat
VAST.SXTN.05/16-7, Vién Han lam Khoa hoc
va Céng nghé Viét Nam giai doan 2016-2017.
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Nghién civu t6i wu héa qud trinh thily phin cdm gao

OPTIMISATION OF RICE BRAN HYDOLYSATION USING XYLANASE FOR
XYLOOLIGOSACCHRIDE PRODUCTION

Nguyen Thi Mai Phuong”, Nguyen Hoa Anh, Pham Thi Ngoc,
Quanh Thi Lien, Nguyen Thi Bich

YInstitute of Biotechnology, VAST
2Graduate University of Science and Technology, VAST
SANABIO R&D Joint Stock Company, Vietnam

SUMMARY

Rice bran is a subsidised product of rice processing. It is rich in carbohydrate, especially xylan therefore,
has being used for production of soluble fiber oligosaccharide including xylooligosaccharides (XOS). XOS is
an oligomer of 2-7 xylose residues and has been proven to be fermented by beneficial bacteria Bifidobacte-
rium and Lactobacillus in colon. The market for XOS is increasing rapidly due to its advantages in biological
and technological properties, compared to other common oligosaccharides, such as fructooligosaccharide or
galactooligosaccharide.

XOS can be produced from rice bran using either chemical or enzymatic hydrolysation technologies. The
hydrolyzation using p-1,4-xylanase is commonly used to produce XOS from rice bran. However, an appropri-
ate technology for XOS production from rice bran with high purity and food safety in Vietnam is not availa-
ble yet.

This paper presents new data on optimisation of rice bran hydrolyzation by xylanase to produce XOS us-
ing the quadratic model of Box-Behnken. The theoretically optimized conditions for the hydrolysation are
0.25% enzyme at pH 5.5, temperature of 50°C for 18 hours. Experimental data confirmed the selected
conditions. The XOS product contains mainly xylobiose, xylotriose and xylotetraose.

Keywords: Xylooligosaccharide (XOS), xylanase, rice bran, optimisation-Box-Behnken.
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