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KHAO SAT CAC PIEU KIEN THiICH HOP CHO PHAN U'NG
TRANSGALACTOSYL SU’ DUNG B-GALACTOSIDASE
ASPERGILLUS ORYZAE 3 DE SAN XUAT
GALACTOOLIGOSACCHARID (GOS) TU LACTOSE

BUI THI HAI HOA, NGUYEN VAN CACH, BPANG TH| THU

1. DPAT VAN PE

Trong nhirng nam gép day, cac nghién ctru thu nhén va su dung cac oligosaccharid con goi
la prebiotic dang duoc trien khai manh mé& & mot s6 nudc cong nghiép phat trién nhu Hoa Ky,
Nhat Ban, Dirc, Ao... Nhu cau vé cac loai prebiotic trong d6 ¢6 galactooligosaccarid (GOS) dang
ngay cang tang trén thi truong thé gidi [3, 8]. Tai Nhat Ban, duong GOS duoc ding dé thay the
dudng saccharose cho cac ddi tuong miéc bénh béo phi va tiéu duong. Ngoai ra mét lugng lon
duong GOS cung duge dung nhu mot chat ngot bd sung. Ngudi ta da tim ra trén 500 loai san
pham thuc pham ¢6 sir dung dudong GOS nhu banh quy, cac san pham sira. bot dinh dudng tré
em, nhiéu loai thuc phém chirc nang, thuc phém diém tam, keo, banh [1]...

GOS duogc tao ra bai phan tng transgalactosy! lactose dudi su xuc tac cua B-galactosidase.
Véi uu diém ¢ cuong luc xtc tac manh, B-galactosidase c6 thé dé dang va nhanh chong thuy
phan lactose ciing nhu xuc tac phan (mg lién két galactose va glucose vao lactose tao
galactooligosaccharid v61 hiéu suat cao [6, 7].

Pudng GOS duoc nghién ciiu va san xuat & qui mé cdng nghiép ¢ nhiéu nude trén thé gidi,
dac biét tai Nhat Ban, Trung Quéc ... O Viét Nam viéc nghién ctru vé vén dé nay dang dugc bat
dau. XuAt phat tir mdi quan tam nay chiing 10 tién hanh khao sat cac dieu kién thich hop cho
phan trng transgalactosy! lactose dé tao GOS khi sir dung P-galactosidase tir chung A4spergillus
oryzae 3..

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén vit liéu

Enzim: Ché pham B-galactosidase thu nhén tir Aspergillus oryzae 3 cua BO mon Hoéa sinh,
Vién Cong nghé sinh hoc va Cong nghiép thuc pham, truong dai hoc Bach Khoa Ha Noi duoc
str dung trong nghién clru.

Céc hoa chét tinh khiét cua Merck, Sigma Aldrich... st dung cho phuong phap sac ki dinh
tinh va dinh lugng san phém GOS tao thanh: dudng chuan glucose, galactose, lactose,
galactotetraose, cac dung méi hiru co tinh khiét str dung trong sac ki ban mong va HPLC.

2.2. Phuong phap nghién ciru

2.2.1. Phuong phdp khao sdt phan ing transgalactosyl lactose su dung [-galactosidase 1«
A.oryzae 3
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Cho enzym tac dung véi co chét lactose, sau mét thai gian nhat dinh dun cach thuy & 90°C
trong 5 phut 1am ngirng phan Ung, dinh tinh thanh phan cua san pham thu duge bang phuong
phap sac ki ban mong. O thi nghiém khao sat dau tién, cac théng s6 duoc ap dung la ndng dé co
chat lactose 80% (w/v), pH 5,0; 55°C, thoi gian phan tmg 4 git. Cac thong so ki thuat dugc lua
chon cho nghién ciru lan lugt dugc nghién ctru, khi xac dinh dugc diéu kién phu hop nhat, théng
sé d6 duoc giir nguyén dé ap dung cho cac phan (mg tiép theo.

- Nong dé enzim: 4,7, 10, 13, 16 U/ml;

- Néng d6 co chét lactose: 20%, 30%, 40%, 50%, 60%, 70%, 80%;
- pHméitruong: 4,5 ; 5,0; 5,5 6,0; 6,5; 7,5;

- Nhiét dd phan ang: 45 ; 50; 55; 60; 65°C;

- Thoi gian phan tng: 9; 8; 7; 6; 5; 4; 3 gio.

2.2.2. Phirong phdp séc ki ban mong dinh tinh thanh phan cia san pham thu dwoc (theo phirong
phdp cua hdng Megazyme)

Dung micropipet Hamilton chdm 5 microlit mau lén ban sac ki I6p méng. Tién hanh chay
séc ki trong hé dung méi n-butanol: ethanol: nuée (5 : 3 : 2) cho dén khi vét dung méi cach mép
trén ctia ban sic ki | cm, lay ban sic ki sy khé & 80°C, rdi nhiing vao trong dung dich hién mau
(H,SO, 20% pha trong ethanol), siy & 110°C trong 5 phit. Thanh phan trong san pham duogc
dinh tinh bang cach so véi cdc duong chuan glucose, galactose, lactose, galactotetraose.

2.2.3. Binh lrong GOS bang phwong phdp sdc ki long cao dp HPLC

Dich GOS dugc pha loang bang nudc khir ion, dinh mirc va loc qua mang c6 kich thudc
0,2 pm. Dung dich duong chuén glucose, galactose, lactose, galactotetraose dugc pha tu 1, 2,5
mg/mi. 20 pl mau duoc st dung chay sac ki trén c6t NH, (4,6 cm x 15 cm) va cot Pb (4,6 cm x
30 cm). Dung dich dém chay duogc sir dung la acetone nitrin: H,0 (ti 16 75:25). Cac diéu kién: toc
d6 chay 0,8 ml/phut. nhiét d6 cot: ¢ot NH, 40°C, cot Pb 80°C, detetor RID.

3. KET QUA VA THAO LUAN
3.1. Anh huéng cia nong d9 B-galactosidase

Sau khi tién hanh phan ung transgalactosyl lactose sir dung B-galactosidase tir 4.oryzae 3
v6i cac ndng d6 khac nhau, tién hanh sic ki va thu dugc két qua trinh bay tai hinh 1. Vi nong
d6 enzim 4U/ml co chat lactose, ham luong lactose chuyen tao thanh GOS khéng nhiéu, cac
bang thé hién san pham GOS kha mo trong khi bang thé hién ham lugng lactose con rat dam, khi
nong do enzim tang (7 — 13/ml co chét) ham luong lactose duoc chuyén tao thanh GOS ciing
tang 1én ro rét thé hién & cac bang san pham dam mau, tuy nhién khi ham lugng enzim cao (13
U/ml), lugng duong don tao thanh ciing tuong duong voi lugng GOS ¢6 trong hén hop san
phidm. Két qua dinh tinh cho thiy & ndng dé enzim 7U/ ml co chat, san pham GOS thu duogc kha
ddm mau va san pham duong don khong nhiéu so v6i cac san pham cua nong do enzim cao hon,
do vay ndng do enzim 7 U/ml co chét dugc lua chon trong cac nghién cliu tiép theo.
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Hinh 1. Sic ki dd anh huéng clia ndng do p- -galactosidase dén kha nang transgalactosyl tao GOS
- M: chét chuén glucose, galactose, lactose, galactotetraose
-4;7,10; 13; 16: Néng d6 enzym phan ung (U/m! co chét)

3.2. Anh huéng cia ndng do co chit lactose

Glu— 4 \

Gal— §

Lac—i8 v o B
GOS

G4a— = -

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

Hinh 2. Sic ki d6 anh hudng cua péng d6 co chat lactose dén kha nang transgalactosyl tao GOS
- M: chét chuan glucose, galgctose, laclosle, galactotetraose
-20; 30; 40, 50; 60; 70, 80: Nong d6 co chét phan ung (% w/v)

Tién hanh phan (g transgalactosyl lactose & cac nong do lactose khac nhau (tir 20% -
80%). Dich dugc bé sung B-galactosidase véi ndng dd 7 U/ml co chat. Qua trinh phan (mg duoc
thue hién & 55°C trong thoi gian 4 gio. Két thic qua trinh, dich phan ang duoc phan tich bang
sic ki ban mong. Két qua thé hién & hinh 2 cho thay khi n6ng dé co chét lactose thap (20% —
40%), ham lugng duong don va GOS tao thanh khong nhiéu, khi nong do lactose tang, ham
lugng GOS tao thanh tang thé hién & nhig bang mau dam dan. Khi ndng dé co chat ndm trong
khoang tir 60 — 80 %, cac san pham GOS thu dugc cho dai phan tich dinh tinh ddm mau hon han
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va hau nhu khéng khac nhau nhiéu, nhu vay, dé tiét kiém chi phi san xuét néng do lactose duoc
chon la 60%.

3.3. Anh huéng cha pH

Dé dam bao hiéu suét transgalactosy! lactose tao GOS, chang t6i khao sat anh huong pH
ctia dich co chét dén kha nang transgalactosy! lactose ciia B-galactosidase. Dich co chét nong do
60% dugc chinh dén cac pH khac nhau, ham lugng enzim bo sung 1a 7 U/ml, thoi gian phan ung
4 gio, khi két thic qua trinh phan tng thu dich dé phan tich dinh tinh bang sac ki ban mong. Két
qua cho thay tai pH tir 5 - 6, qua trinh transgalactosy! lactose cho san pham GOS kha dam nét,
tuy nhién tt nhét tai pH 12 5,5 (hinh 3). Vi vay chon pH 5,5 cho qua trinh transgalactosy! lactose
tao GOS.

Glu-.'} 1

Gal-é.‘,
SRR RERTTY

GOS ¢

G4-

| PSR

Hinh 3. Sac ki d6 anh huong cua pH dén kha nang transgalactosyl tao GOS
- M: chat chuén glucose, galactose, lactose, galactotetraose
-4,5:5,0;5,5; 6,0; 6,5; 7,5: pH mbi truong

3.4. Anh huéng cia nhiét do

Trong san xuat, nhiét do 1a mot trong nhirng yeu t6 quan trong, bdi né anh hudng toi chat
luong san pham va gia thanh san xuat, do vay, tién hanh khao sat nhiét do thich hop cho B-
galactosidase trong phan ung tao GOS. Phan (ng dugc thuc hién ¢ cac diéu kién nhiét do khac
nhau, sau khi két thic phan (g, phan tich dinh tinh bang sic ki ban méng. Két qua thé hién ¢
hinh 4 cho thay tai dai nhiét dé 16n hon 50°C, ham luong GOS tao thanh dam nét hon han va thé
hién rd nhat ¢ nhiét d6 55°C. Nhu vay, nhiét d6 thich hop cho phan Ung transgalactosyl lactose
thu GOS la 55°C.

3.5. Khao sat thoi gian transgalactosyl lactose tao GOS ciia f-galactosidase tir A.oryzae 3
Dé xac dinh thoi gian téi uu cho qua trinh tao GOS, tién hanh khao sat phan ung voi cac

méc thoi gian: 3, 4,5, 6, 7, 8,9 gio. Mau phan ung duoc chuén bj c¢6 nong dé co chit lactose la
60 %, ndng do B-galactosidase 1a 7U/ml co chat, pH 5,5, nhiét dd phan ung 1a 55°C. Két qua cho
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Ihéy & khoang thoi gian tir 3 — 5 gio, san pham GOS tao thanh khong nhiéu so véi khoang thoi
gian tir 6 — 9 gid. & thoi diém 8 gio san pham GOS thu dugce nhirng bang mau dam va rd nét nhat
(hinh 5). nhu vay thoi gian thich hgp cho phan (ng transgalactosyl lactose tao GOS 1a 8 gid.

Tir cac két qua trén, dua ra didu kién thich hop cho phan ung transgalactosyl lactose tao
GOS s dung B-galactosidase A4.oryzae 3 la 60% co chat. enzim 7 U/ml co chat. thoi gian phan

ing 8 gid tai 55°C.
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Hinh 4. Sic ki dé anh huong cua nhiét do
dén kha nang transgalactosyl tao GOS
- M: chit chuén glucose, galactose, lactose.
galactotetraose

- 45 :50:55; 60; 65: nhiét dd phan ang (°C)
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Hinh 5. Shc ki dé anh hugng cua thoi gian dén kha
nang transgalactosyl tao GOS
- M: chit chuan glucose. galactose. lactose.
galactotetraose

-9:8,7;6:5:.4:3: thti gian phan (ng (gi0)

3.6. Phan tich thanh phin va ham lugng oligosaccharid trong san pham GOS
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Hinh 6. Sic ki d cua GOS va cac dudng thanh phan khac trong san pham thu nhén voi
B-galactosidase tir 4.oryzae 3
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Nghién ciru xac dinh thanh phan va ham lugng oligosaccharid trong san pham GOS thu
duoc la rat can thiét, boi day la mgt trong nhirng tiéu chi danh gia chat lugng san pham GOS thu
duoc. Dé x4c dinh thanh phan san phim GOS thu duge, ching tai tién hanh phan tich dinh luong
bang HPLC.

Bdng 1. Dinh lugng thanh phan galactooligosaccharid trong GOS
thanh phdm bang HPLC

. . Pon Vi IO Phuong phap xac
STT Tén chi tiéu tinh Két qua dinh
] Ham lugng lactose % 20,12 HPLC
A 0,
2 Ham lrong o 8,50 HPLC
galactose
A 0,
3 Ham luong o 1,20 HPLC
galactotetraose

Két qua phan tich dinh luong ché phim GOS bang HPLC cho théy trén sic ki dé xuat hién
9 peak, cac san pham dugc dinh tén dua trén co s& phan tich chat chudn va so sanh thoi gian luu
mau vé&i chat chuan la glucose, galactose, lactose, galactotetraose (céng thirc a-D-Gal-(1—3)-B-
D-Gal-(1—4)-a-D-Gal-(1—3)-D-Gal). Trong d6, peak | la san pham glucose va galactose tring
nhau boi ¢ dé hap phu va phan tach trén cot NH, chua tét, peak 2 la lactose, peak 7 la
galactotetraose. Ngoai cac san pham duong da dugc dinh tén trén, ching t6i nhan thiy trén sac
ki d5 xuat hién rat nhiéu peak voi thoi gian luu khac nhau, du doan dé 1a cac san pham
galactobiose, galactotriose, galactopentanose va c6 thé ca galactohexanose...

Két qua phan tich dinh lugng bang HPLC thanh phan cia cac loai dudng trong san phim
GOS nhu sau: lactose 20,12%; galactose 8,5%; galactotetraose 1,20%. V&i ham luong co chét
lactose ban dau cua phan (g la 60%, sau phan ung, ham lugng lactose con lai duge dinh lugng
la 20,12% (bang 1). Nhu vay, hiéu suét chuyén hoa cua lactose thanh cac dudng don va
oligosaccharid la hon 70%. Galactose dugc dinh luong la 8,5%, do trén ¢t NH, glucose va
galactose khong phén tach nén chung t6i du kién ham lugng glucose la xap xi galactose, tong
san pham glucose, galactose va lactose sé chiém 35 - 40% trong ché pham GOS, con lai khoang
60% la cac san phim méi tao thanh la galactobiose, galactotriose, galactotetraose,
galactopentanose va galactohexanose...

So sanh véi thanh phin san phim GOS san xuat trr B-galactosidase A.oryzae cua
Matsumoto va c¢ong su (1988) la: galactose 8,7%; lactose 43,6%; galactooligosaccharide 24,2%
[2] hiéu sudt phan (ng transgalactosy! lactose str dung p- -galactosidase A.oryzae 3 la tuong doi
tét. Két qua nay tuong (mg véi thanh phan lactose ~ 20% cua ché pham GOS thuong mai hién
nay cua Nhat Ban [5].

4. KET LUAN
Trén co so cac nghién ciu trén, két luin di nghién ciru dua ra duoc diéu kién thich hop cho

phan ung transgalactosyl lactose tao galactooligosaccharid sir dung B-galactosidase 4.oryzae 3 la
lactose 60%; enzym 7U/ml; pH 5,5; nhiét d6 55°C; 8 gid; thu ché pham GOS dang Iong, siy
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phun, thu ché phim GOS dang bot va danh gia ché pham thu dugc ¢6 ham luong oligosaccharid
dat trén 50%.
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SUMMARY

DETERMINING OPTIMAL CONDITIONS TO FORMING
GALACTOOLIGOSACCHARIDES (GOS) BY TRANSGAIACTOSYL REACTION
USING B-GALACTOSIDASE PRODUCED BY ASPERGILLUS ORYZAE 3

In the present paper, enzyme (3-galactosidase from 4.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 (%) determined by HPLC were more than 50%.
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