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KHAO SAT CAC DIEU KIEN THICH HaP CHO PHAN l/NG 
TRANSGALACTOSYL Slf DUNG p-GALACTOSIDASE 

ASPERGILLUS ORYZAE 3 DE SAN XUAT 
GALACTOOLIGOSACCHARID (GOS) TU' LACTOSE 

BUI THI HAI HGA, N G U Y E N VAN CACH, DANG THI THU 

1. DAT VAN DE 

Trong nhtrng nam gan day, cac nghien ciru thu nhan va sir dung cac oligosaccharid cdn ggi 
la prebiotic dang dugc trien khai manh me d mdt sd nude cdng nghiep phat trien nhu Hoa Ky, 
Nhat Ban, Dire, Ao... Nhu cau ve cac loai prebiotic trong dd cd galactooligosaccarid (GOS) dang 
ngay cang tang tren thj trudng the gidi [3, 8]. Tai Nhat Ban, dudng GOS dugc dimg de thay th^ 
dudng saccharose cho cac ddi tugng mac benh beo phi va tieu dudng. Ngoai ra mot lugng Idn 
dudng GOS ciing dugc diing nhu mdt chat nggt bd sung. Ngudi ta da tim ra tren 500 loai san 
pham thuc pham cd sir dung dudng GOS nhu banh quy, cac san pham sira. bgt dinh dudng tre 
em, nhieu loai thuc pham chire nang, thuc pham diem tam, keo. banh [ 1 ]... 

GOS dugc tao ra bdi phan iing transgalactosyl lactose dudi sir xuc tac cua P-galactosidase. 
Vdi uu diem cd cudng lire xuc tac manh, (i-galactosidase cd the de dang va nhanh chdng thiiy 
phan lactose cung nhu xiic tac phan img lien ket galactose va glucose vao lactose tao 
galactooligosaceharid vdi hieu suat cao [6, 7]. 

Dudng GOS dugc nghien ciiu va san xuat d qui md cdng nghiep d nhieu nude tren the gidi, 
dac biet tai Nhat Ban, Trung Qudc ... O Viet Nam viec nghien ciru ve van de nay dang dugc bat 
dau. Xuat phat tii' mdi quan tam nay chiing tdi tien hanh khao sat cac dieu kien thich hgp cho 
phan irng transgalactosyl lactose de tao GOS khi sir dung P-galactosidase tir chiing Aspergillus 
oryzae 3.. 

2. VAT LIEU vA PHl/OTNG PHAP NGHIEN CUU 

2.1. Nguyen vat lieu 

Enzim: Ch6 phlm P-galactosidase thu nhan Xit Aspergillus oryzae 3 ciia Bg mdn Hoa sinh, 
Vien Cdng nghe sinh hgc va Cdng nghiep thuc pham, trudng dai hgc Bach Khoa Ha Noi dugc 
sir dung trong nghien ciru. 

Cac hda chit tinh khiet ciia Merck, Sigma Aldrich... sir dung cho phuong phap sac ki djnh 
tinh va djnh lugng san phlm GOS tao thanh: dudng chuan glucose, galactose, lactose, 
galactotetraose, cac dung mdi hixu ca tinh khxk six dung trong sac ki ban mdng va HPLC. 

2.2. Phu-ong phap nghien ciru 

2.2.1. Phuang phdp khao sat phan irng transgalactosyl lactose su dung P-galactosidase tir 

A.oryzae 3 
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Cho enzym tac dung vdi ca chat lactose, sau mdt thdi gian nhit djnh dun each thiiy d 90°C 
trong 5 phut lam ngirng phan iirng, djnh tinh thanh phIn ciia san phlm thu dugc bIng phuang 
phap sac ki ban mdng. O thi nghiem khao sat dau tien, cac thdng sd dugc ap dung la ndng do ca 
chat lactose 80%) (w/v), pH 5,0; 55°C, thdi gian phan img 4 gid. Cac thdng so kT thuat dugc lira 
chgn cho nghien cuu Ian lugt dugc nghien cuu, khi xac djnh dugc dieu kien phii hop nhit, thdng 
sd dd dugc giiJ nguyen de ap dung cho cac phan irng tiep theo. 

- Ndng do enzim: 4, 7, 10, 13, 16 U/ml; 

- Nong do ca chat lactose: 20%, 30%, 40%, 50%, 60%. 70%. 80%; 

- pH mdi trudng: 4,5 ; 5,0; 5,5; 6,0; 6,5; 7,5; 

- Nhiet do phan ung: 45 ; 50; 55; 60; 65°C; 

Thdi gian phan ring: 9; 8; 7; 6; 5; 4; 3 gid. 

2.2.2. Phuang phdp sac ki bdn mong dinh tinh thdnh phdn cua san pham thu duac (theo phuang 
phdp ciia hdng Megazyme) 

Diing micropipet Hamilton cham 5 microlit mau len ban sac ki Idp mdng. Tien hanh chay 
sac ki trong he dung mdi n-butanol: ethanol: nude ( 5 : 3 : 2 ) cho den khi vet dung mdi each mep 
tren cua ban sac ki 1 cm, lay ban sac ki say khd d 80°C, rdi nhung vao trong dung djch hien mau 
(H2SO4 20%) pha trong ethanol), say d 110°C trong 5 phut. Thanh phan trong san pham dugc 
djnh tinh bang each so vdi cac dudng chuan glucose, galactose, lactose, galactotetraose. 

2.2.3. Dinh luang GOS bdng phuang phdp sac ki long cao dp HPLC 

Djch GOS dugc pha loang bang nude khir ion, djnh mire va lgc qua mang cd kich thudc 
0,2 ^m. Dung djch dudng chuan glucose, galactose, lactose, galactotetraose dugc pha tir I, 2, 5 
mg/ml. 20 pi mau dugc sir dung chay sac ki tren cot NH2 (4,6 cm x 15 cm) va cot Pb (4,6 cm x 
30 cm). Dung djch dem chay dugc sii' dung la acetone nitrin: H2O (ti le 75:25). Cac dieu kien: tdc 
do chay 0,8 ml/phut, nhiet do cot: cot NHj 40"C, cot Pb 80°C, detetor RID. 

3. KET QUA VA THAO LUAN 

3.1. Anh hu-ong ciia nong do p-galactosidase 

Sau khi tien hanh phan ung transgalactosyl lactose sir dung P-galactosidase \\x A.oryzae 3 
vdi cac ndng do khac nhau, tien hanh sac ki va thu dugc ket qua trinh bay tai hinh 1. Vdi ndng 
do enzim 4U/ml co' chat lactose, ham lugng lactose chuyen tao thanh GOS khdng nhieu, cac 
bang the hien san pham GOS kha md trong khi bang the hien ham lugng lactose cdn rat dam, khi 
ndng do enzim tang (7 - 13/ml ca chat) ham lugng lactose dugc chuyen tao thanh GOS cung 
tang len rd ret the hien d cac bang san pham dam mau, tuy nhien khi ham lugng enzim cao (13 
U/ml), lugng dudng don tao thanh cung tuang duong vdi lugng GOS cd trong hdn hgp san 
pham. Ket qua djnh tinh cho thay d ndng do enzim 7U/ ml ca chat, san pham GOS thu dugc kha 
dam mau va san pham dudng dan khdng nhieu so vdi cac san pham ciia ndng do enzim cao ban, 
do vay ndng do enzim 7 U/ml ca chat dugc lira chgn trong cac nghien cuu tiep theo. 

f c 



Glu 
Gal 

f % 4?- m ^ i* 

Hinh I. sac ki d6 anh hudng ciia ndng do P-galactosidase d6n kha nang transgalactosyl tao GOS 
- M: chat chuan glucose, galactose, lactose, galactotetraose 
- 4; 7; 10; 13; 16: Nong do enzym phan img (U/ml ca chat) 

3.2. Anh hu-dng ciia nong do co- chat lactose 

Glu^«|| r .^It :^ , , 1 ^ 

Gal 1 ' 
Y"' A • • . . > « ^ %:• ««iî " -i 

GOS 

IG4— • 

M 20% 30% 40% 50% 60% 70% 80% 

Hinh 2. Sac ki do anh hudng ciia nong do ca chat lactose dSn kha nang transgalactosyl tao GOS 
- M: chat chuan glucose, galactose, lactose, galactotetraose 

- 20 ; 30; 40; 50; 60; 70; 80: N6ng do ca chdt phan irng (% w/v) 

Tien hanh phan irng transgalactosyl lactose d cac ndng do lactose khac nhau (tir 20% -
80%)). Dich dugc bd sung P-galactosidase vdi ndng do 7 U/ml ca chat. Qua trinh phan irng dugc 
thuc hien d 55''C trong thdi gian 4 gid. Ket thuc qua trinh, djch phan iirng dugc phan tich bang 
sac ki ban mdng. Ket qua the hien d hinh 2 cho thay khi ndng do ca chat lactose thap (20% -
40%), ham lugng dudng dan va GOS tao thanh khdng nhieu, khi ndng do lactose tang, ham 
lugng GOS tao thanh tang the hien d nhtrng bang mau dam dan. Khi ndng do ca chat nam trong 
khoang tir 60 - 80 %, cac san pham GOS thu dugc cho dai phan tich djnh tinh dam mau ban ban 
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va hau nhu khdng khac nhau nhieu, nhu vay, de tiet kiem chi phi san xuat ndng do lactose dugc 
chgn la 60%. 

3.3. Anh hu-dng cua pH 

De dam bao bieu suat transgalactosyl lactose tao GOS. chiing tdi khao sat anh hudng pH 
cua djch ca chat den kha nang transgalactosyl lactose cua P-galactosidase. Djch ca chat ndng do 
60%o dugc chinh den cac pH khac nhau, ham lugng enzim bd sung la 7 U/ml, thdi gian phan irng 
4 gid, khi ket thiic qua trinh phan irng thu djch de phan tich dinh tinh bang sac ki ban mdng. Ket 
qua cho thay tai pH tii' 5 -6 , qua trinh transgalactosyl lactose cho san pham GOS kha dam net, 
tuy nhien tdt nhat tai pH la 5,5 (hinh 3). Vi vay chgn pH 5,5 cho qua trinh transgalactosyl lactose 
tao GOS. 

GOS 

4' « ^ % # «> tr 

5.5 6.0 6.5 7.0 7-5 

Hinh 3. Sac ki do anh huang ciia pH den kha nang transgalactosyl tao GOS 
- M: chat chuan glucose, galactose, lactose, galactotetraose 

- 4,5 ; 5,0; 5,5; 6,0; 6,5; 7,5: pH moi trudng 

3.4. Anh hu-dng cua nhiet do 

Trong san xuat, nhiet do la mdt trong nhtrng yeu td quan trgng, bdi nd anh hudng tdi chat 
lugng san pham va gia thanh san xuat, do vay, tien hanh khao sat nhiet do thich hgp cho P-
galactosidase trong phan ung tao GOS. Phan irng dugc thuc hien d cac dieu kien nhiet do khac 
nhau, sau khi ket thuc phan irng, phan tich djnh tinh bang sac ki ban mdng. Ket qua the hien d 
hinh 4 cho thIy tai dai nhiet do Idn hon 50°C, ham lugng GOS tao thanh dam net ban ban va the 
hien rd nhat d nhiet do 55°C. Nhu vay, nhiet do thich hgp cho phan irng transgalactosyl lactose 
thu GOS la 55°C. 

3.5. Khao sat thdi gian transgalactosyl lactose tao GOS cua p-galactosidase iix A.oryzae 3 

De xac djnh thdi gian toi uu cho qua trinh tao GOS, tien hanh khao sat phan irng vdi cac 
mdc thdi gian: 3, 4, 5, 6, 7, 8, 9 gid. Mau phan irng dugc chuan bj cd ndng do ca chat lactose la 
60 %o, ndng do P-galactosidase la 7U/ml ca chit, pH 5,5, nhiet do phan irng la 55''C. Ket qua cho 
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thay d khoang thdi gian tir 3 - 5 gid, san pham GOS tao thanh khdng nhieu so vdi khoang thdi 
gian tir 6 - 9 gid. d thdi diem 8 gid san pham GOS thu dugc nhtrng bang mau dam va rd net nhat 
(hinh 5). nhu vay thdi gian thich hgp cho phan irng transgalactosyl lactose tao GOS la 8 gid. 

Tir cac ket qua tren, dua ra dieu kien thich hgp cho phan img transgalactosyl lactose tao 
GOS sir dung P-galactosidase A.oryzae 3 la 60% co chat, enzim 7 U/ml ca chat, thdi gian phan 
irng 8 gid tai 55°C 

Glu -

Gal - ''vo-

Lac - - ^ 

GOS 

G 4 r 

Hinh 4. Sac ki do anh huang cua nhiet do 
din kha nang transgalactosyl tao GOS 

- M: chat chuan glucose, galactose, lactose, 
galactotetraose 

• 45 ; 50; 55; 60; 65: nhiet do phan ung C'C) 

Glu m • 
Gal ^ 

GOS 

Lac 

G4 

• • / •- « # * « # # 

M 8 7 6 5 3 h 

Hinh 5. sac ki do anh huang cua thdi gian den kha 
nang transgalactosyl tao GOS 

- M: chat chuan glucose, galactose, lactose, 
ealactotetraose 

- 9; 8; 7; 6; 5; 4; 3: thdi gian phan irng (gid) 

3.6. Phan tich thanh phSn va ham lugng oligosaccharid trong san pham GOS 
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51 

oi 

fSfelTF 

RelffticnTirnB 

— I — 

10 

•--J. 

2D 

GOS 

- ^ ^ 

30 

MrUes 

~ ^ 

— I 

40 50 eo 

Hinh 6. sac ki d6 cua GOS va cac dudng thanh phan khac Uong san pham thu nhan vdi 
P-galactosidase tir A.oryzae 3 
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Nghien ciru xac djnh thanh phan va ham lugng oligosaccharid trong san pham GOS thu 
dugc la rat can thiet, bdi day la mot trong nhtrng tieu chi danh gia chat lugng san pham GOS thu 
dugc. De xac djnh thanh phan san pham GOS thu dugc, chung tdi tien hanh phan tich djnh lugng 
bIng HPLC. 

Bdng 1. Dinh lugng thanh phan galactooligosaceharid trong GOS 

thanh pham bang HPLC 

STT 

1 

2 

3 

Ten chi tieu 

Ham lugng lactose 

Ham litgfng 
galactose 

Ham lugng 
galactotetraose 

Dan vj 
tinh 

% 

% 

% 

Ket qua 

20,12 

8,50 

1,20 

Phuong phap xac 
djnh 

HPLC 

HPLC 

HPLC 

Ket qua phan tich djnh lugng che pham GOS bang HPLC cho thay tren sac ki dd xuat hien 
9 peak, cac san pham dugc djnh ten dua tren ca sd phan tich chat chuan va so sanh thdi gian luu 
mau vdi chat chuan la glucose, galactose, lactose, galactotetraose (cdng thuc a-D-Gal-(l^3)-P-
D-Gal-(1—>'4)-a-D-Gal-(l—»3)-D-Gal). Trong dd, peak 1 la san pham glucose va galactose triing 
nhau bdi cd do hap phu va phan tach tren cot NH2 chua tdt, peak 2 la lactose, peak 7 la 
galactotetraose. Ngoai cac san pham dudng da dugc djnh ten tren, chung tdi nhan thay tren sac 
ki do xuat hien rat nhieu peak vdi thdi gian luu khac nhau, du doan dd la cac san pham 
galactobiose, galactotriose, galactopentanose va cd the ca galactohexanose..-

Ket qua phan tich djnh lugng bang HPLC thanh phan ciia cac loai dudng trong san pham 
GOS nhu sau: lactose 20,12%); galactose 8,5%; galactotetraose 1,20%)- Vdi ham lugng ca chat 
lactose ban diu cua phan img la 60%), sau phan irng, ham lugng lactose cdn lai dugc djnh lugng 
la 20,l2%o (bang I). Nhu vay, hieu suat chuyen hda ciia lactose thanh cac dudng don va 
oligosaccharid la hon 70%). Galactose dugc djnh lugng la 8,5%, do tren cot NH2 glucose va 
galactose khdng phan tach nen chung tdi du kien ham lugng glucose la xap xi galactose, tdng 
san phlm glucose, galactose va lactose se chiem 35 - 40% trong che pham GOS, cdn lai khoang 
60%) la cac san pham mdi tao thanh la galactobiose, galactotriose, galactotetraose, 
galactopentanose va galactohexanose... 

So sanh vdi thanh phIn san pham GOS san xuat tir P-galactosidase A.oryzae cua 
Matsumoto va cdng sir (1988) la: galactose 8,7%; lactose 43,6%; galactooligosaccharide 24,2% 
[2] hieu suit phan ling transgalactosyl lactose sir dung P-galactosidase A.oryzae 3 la tuang ddi 
tdt. Ket qua nay tuong ung vdi thanh phIn lactose ~ 20% ciia che pham GOS thuong mai hien 
nay ciia Nhat Ban [5]. 

4. KET LUAN 

Tren ca sd cac nghien ciru tren, ket luan da nghien ciru dua ra dugc dieu kien thich hgp cho 
phan irng transgalactosyl lactose tao galactooligosaceharid sir dung P-galactosidase A.oryzae 3 la 
lactose 60%; enzym 7U/ml; pH 5,5; nhiet do 55°C; 8 gid; thu che phlm GOS dang Idng, say 
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phun, thu che pham GOS dang bgt va danh gia che pham thu dugc cd ham luong oligosaccharid 
dat tren 50%. 
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SUMMARY 

DETERMINING OPTIMAL CONDITIONS TO FORMING 
GALACTOOLIGOSACCHARIDES (GOS) BY TRANSGAIACTOSYL REACTION 

USING P-GALACTOSIDASE PRODUCED BY ASPERGILLUS ORYZAE 3 

in the present paper, enzyme P-galactosidase from A.oryzae 3 was used for the production 
GOS from lactose. The optimal conditions to forming GOS by transgalactosyl reaction using this 
enzyme were determined, such as 8 hours at 55°C with 60% of lactose concentration (w/v), 
7 U/ml of enzyme concentration and pH 5.5. The GOS production process was established and 
the total GOS yield (%o) determined by HPLC were more than 50%. 

£)la chi: Nhan bdi ngdy 22 thdng 4 nam 2008 

Vien Cdng nghe sinh hgc va Cdng nghe thuc pham, 

Trudng DH Bach Khoa HN 
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