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Determining optimal conditions of B-D-fructofuranosidase activity for
production of functional Fructooligosaccharid (FOS) from sucrose
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TOM TAT

Trong nghién ciru nay, ché pham enzyme B-D-fructofuranosidase do Vién Céng nghiép thwc pham
thu nhan va ché pham Pectinex Ultra SP-L ciia hang Novozymes, Pan Mach da dwoc str dung. Vé&i két
qua thu dworc, diéu kién téi thich cho ché pham enzyme B-D-fructofuranosidase do Vién Cong nghiép
thwe pham thu nhan 1a & thoi gian 9 gi®, nhiét do 55°C, ty 1é E/S 0,02 va pH 6,0. Diéu kién t6i thich cho
enzyme Pectinex Ultra SP-L la & th&i gian 15 gio, nhiét do 50°C, ty 1é E/S 0,02 va pH 5,5. Tir két qua nay,
quy trinh san xuét siro FOS da dwoc xay dwng. Ham lwong dwong FOS dwoc xac dinh biang phwong
phap HPLC vé&i két qua 1a 61,64% va 61,48% twong tng v&i hai ché phdm enzyme cua Vién Coéng
nghiép thwc phadm va Pectinex Ultra SP-L.

Tir khéa: B-D-fructofuranosidase, fructooligosaccharide (FOS), sac ky 16ng hiéu ning cao (HPLC).

SUMMARY

In the present research paper, two enzyme B-D-fructofuranosidase preparations, one produced by
Food Industries Research Institute (FIRI) and Pectinex Ultra SP-L (Novozymes, Denmark) were used for
to study the production of FOS from sucrose. The optimal conditions for each enzyme preparation were
determined. For the enzyme B-D-fructofuranosidase preparation the best conditions were 9 hours at
55°C with E/S ratio of 0.02 and pH 6.0, while the optimal conditions for Pectinex Ultra SP-L were for 15
hours at 50°C, E/S ratio of 0.02 and pH 5.5. The FOS production process was established and the FOS

syrup was on trial production. The total FOS yield (%) determined by HPLC were 61.64% and 61.48%.
Keywords: B-D-fructofuranosidase, fructooligosaccharide (FOS), HPLC.

1. DAT VAN DE

Ngay nay, thuc pham chirc ning dang dugc
con ngudi dic biét quan tam vi day la nhing
thyc pham c6 gia tri dinh dudng va muc ning
lugng thap, nhung trong do lai c6 chira cac hoat
chat co nhiéu tic dung tét ddi véi sirc khoé con
ngudi. Trong nhém thuc pham chirc ning, dudng
chtrc nang 1a mot bo phan quan trong. Co nhidu
loai duong chuc nang nhu: duong paratinose,
maltitol, sorbitol, lactitol, fructooligosaccharide
(FOS), isomaltooligosacchride (Nakakuki, 1993).
Trong d6, duong FOS dugc chil y hon ca khong
chi boi cong nghé san xuét don gian, san phim
c6 huong vi thom ngon ma quan trong hon la
FOS ¢6 nhiéu dic tinh c6 loi cho stic khoé con

nguoi nhu kha ning kich thich tiéu hoa, chdng
bénh tiéu duong, béo phi... (Nguyén Thién Luan
va cong su, 1997).

Di lién v6i sy phat trién d6, cong nghé
enzyme ngay cang dugc sir dung rong rai. Ung
dung enzyme B-D-fructofuranosidase trong san
Xuét duodng chire nang c6 nhiéu wu thé nhu hiéu
sudt chuyén hoa duong cao hon, khong giy 6
nhidm moi trudng, chi phi sir dung enzyme thip
hon so v6i cac phuong phap khac (Crittenden va
Playne, 1996; Trinh Thi Kim Van va cdng su,
2006). Do vay, viéc nghién ctiu chon lya céc
diéu kién ti wu cho hoat dong ciia enzyme B-D-
fructofuranosidase dé san xuit duong FOS chuc
nang tir duong sucrose 1a hét sirc can thiét.
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2. VAT LIEU VA PHUONG PHAP NGHIEN
cUuu

2.1. Enzyme

Ché pham B-D-fructofuranosidase cua Vién
Cong nghiép thuc pham thu nhan tir Aspergillus
niger va ché pham pectinex Ultra SP-L cua hing
Novozymes, Pan Mach 1a hai enzyme dugc st
dung trong nghién curu.

2.2. Xac dinh hoat tinh ctiia enzyme 3 - D -
fructofuranosidase

Hoat tinh ctiia enzyme B-D-fructofuranosidase
duoc xac dinh theo phuong phap Fehling -
Lehmann - Schoorl cai tién do hing Sekagaku
mo ta.

2.3. Xac dinh diéu kién tbi thich cho enzyme
B - D - fructofuranosidase hoat dong

Céac diéu kién t6i thich cho enzyme hoat
dong 1an lugt duge xac dinh. Trude hét, can cu
vao dic diém cua enzyme va khuyén céo ciia nha
san xuit, xac dinh khoang gia tri cu thé la tdi
thlch clia cac yéu td anh huong Khi xac dinh gia
trj tdi thich ciia mot yéu td, giir co dinh cac yéu
td khac va thay dbi gia tri cua yéu t6 can xac
dinh trong khoang gia tri d6 xac dinh.

Thi nghiém xac dinh nhiét do tdi thich duoc
tién hanh & cac diéu kién nhu sau: N6ng do co
chat (duong sucrose): 50% (V = 30ml); Cac miu
dugc 0 trong moi trudng c6 nhiét do thay doi
35°C dén 60°C v6i bude nhay 1a 5°C; pH = 4,5
(ding dém acetate pH = 4,5 dé pha co chit); Ty
1¢ enzyme/co chét (E/S): 0,01 (Venzyme = 0,3ml);
Thoi gian phan ung: 12 gid. Sau 12 gio, dung
phan tmg bang cach dun sbi dich chinh xé4c trong
2 phut.

Thi nghiém xéc dinh pH tbi thich dugc tién
hanh ¢ diéu kién nhu trén nhung giit ¢ dinh
nhiét d6 55°C v6i ché phim Pectinex Ultra SP-L
va 50°C voéi enzyme cta Vién CNTP thu nhan.
pH cia dung dich dém acetate pha co chét thay
ddi tir 4,0 dén 6,5 v6i budc nhay 13 0,5.

Thi nghiém xac dinh ty 1 E/S tbi thich duoc
tién hanh twong tu cac thi nghiém trén, nhung c6
dinh pH = 6,0 va 5,0 lan luot voi enzyme
Pectinex Ultra SP - L va ché pham cua Vién
CNTP thu nhan. Ty 1& E/S thay ddi véi cac gid tri
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0,0025, 0,005, 0,01, 0,02, 0,03, 0,04 (Venzyme =
0,075, 0,15, 0,3, 0,6, 0,9, 1,2 ml).

Ciing tién hanh nhu cac thi nghiém trén,
nhung thi nghiém x4c dinh thoi gian phan tUng
t6i thich da ¢ dinh ty 18 E/S 13 0,02. Thoi gian
phan tmg dugc thay doi tir 3 gio dén 18 gio voi
budc nhay 1a 3 gio.

2.4. Xac dinh cic dwong thanh phin

Gia tri DE (Dextrose Equivalent ) dugc xac
dinh theo phuwong phap Lane-Eynone (Nguyén
Vin Mui, 2001), véi nguyén tic dudng khir trong
mau cin xac dinh s& khi Cu®’ trong thude thir
Fehling thanh Cu® ¢ dang Cu,O két tia d6 gach
(phan Umg xay ra khi dun soi Fehling), luong
Cu®" trong dung dich khi chuin do bing dudng
khir, dung dich s& chuyén tir mau xanh duong
(cua Xanh methylen) sang mau do (cta Cuy0).
D6 1a dau hidu dé két thuc chuén do. Can cu sb
ml dudng khir ti€u hao, tra bang Lane-Eynone va
tinh toan dugc lugng duong khir quy ra glucose.
Luong duong khir tinh theo glucose dugc tinh
theo % chat kho hoa tan goi 1a DE.

AB

DE == 1000

*100 %

Trong do6:

A: gid tri tra tir bang Lane-Eynone dya vao
s0 ml dung dich d6 chuan do.

B: hé sb pha lodng.

C: ndng do % chit kho hoa tan do bang chiét
quang ke.

Ham luong fructose c6 trong san pham duoc
xac dinh theo nguyén tic oxi hoa glucose va céac
duong khur khac bang dung dich I, trong méi
truong kiém. Trong diéu kién nay, fructose
khong bi oxi héa. Sau do6 dinh lugng fructose
trong dung dich bang phwong phap Lane-Eynone
(Nguyén Vin Mui, 2001).

Thanh phén dudng trong hai san pham thu
duoc xac dinh bang thiét bi sic ki long hiéu nang
cao (HPLC) theo quy trinh chudn véi cac didu
kién Detector: RID, c6t phan chia: NH2-50, pha
dong: acetonitrile/H,O 65:35 (CH3CN 65%), toc
do6 dong chay: 0,8 ml/phut, nhiét do: 40°C, luong
mau bom: 20pL.

S liéu duoc xir Iy bang phin mém Minitab
14.
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3. KET QUA VA THAO LUAN

3.1. Xac dinh hoat tinh cia f - D -
fructofuranosidase

SO don vi hoat tinh cua enzyme PB-D-
fructofuranosidase trong ché pham Pectinex

Ultra SP-L 1a 18,82 (U/ml), cao hon khoang 1,4
lan so v6i cia ché phim enzyme pB-D-
fructofuranosidase cua Vién CNTP thu nhan la
13,2 (U/ml) (Bang 1). Do vay, khi sit dung hai
ché pham nay can tinh toan hé s6 pha loing cho
thich hop.

Béng 1. Hoat tinh enzyme B-D-fructofuranosidase trong hai ché phfim enzyme

e s 2z V chuén ds TB V ddi chirng AV A
Tén ché pham
(ml) (ml) (ml) (U/mi)
Pectinex Ultra SP-L 5,83 9,60 3,77 18,77
B-D-fructofuranosidase 6.67 9.40 273 13,60

do Vién Coéng nghiép thwc phdm thu nhan

(A=AV x 1.66x 3)

3.2. Xac dinh diéu kién tdi thich cho enzyme
B-D-Fructofuranosidase hoat dgng

3.2.1. Anh hwéng cua nhiét @é dén hoat tinh ciia
enzyme [-D-fructofuranosidase

Kha nang chuyén héa fructose dé tao FOS
cia enzyme p-D-fructofuranosidase trong ché
phim Pectinex Ultra SP-L ting chim trong
khoang nhiét do tir 35°C dén 45°C, sau d6 ting
manh tr 45°C va dat cuc dai tai 55°C v6i ham
luong fructose chuyén hoa l1a 8,96%. Tir 55°C,
hoat tinh lai giam dan. Trong khi d6, kha ning
chuyén hoa fructose dé tao FOS cia enzyme B-
D-fructofuranosidase cia Vién CNTP thu nhan
cling tang dan tir 35°C dén 50°C va dat cyc dai

5
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Do thi 1. Anh hwéng ciia nhiét do dén
hoat tinh enzyme B-D-fructofuranosidase
trong ché phé‘im Pectinex Ultra SP-L va
ciia Vién CNTP thu nhin

tai 50°C v6i ham luong fructose chuyén hoa la
7,43%. T 50°C hoat tinh xuc tic cua enzyme
giam dan (D0 thi 1).

Két qua nay ciing phu hop vé6i cac nghién
ciru trudéc ghi nhan riang enzyme P - D -
fructofuranosidase ¢6 ngudn gbc vi sinh vat co
nhiét d6 ti thich tir 50 - 55°C (Nguyén Thi
Huong Thom, 2006; Nguyén Huong Thuy, 2006).

Dua vao phan tich trén, nhiét do 55°C va
50°C duoc chon lan luot 1a nhiét do tdi wu cho
enzyme B-D-fructofuranosidase trong ché phim
Ultra Pectinex SP-L va ché pham cua Vién
CNTP thu nhan hoat dong.

>

©

—#—Pectinex Ultra
L

SP-|
—* Vien CNTP

Ham lugng Fru chuyén hoa (%)

bd thij 2. Anh hwéng cia pH dén hoat tinh enzyme
B-D fructofuranosidase trong ché pham Pectinex
Ultra SP-L va cia Vién CNTP thu nhén
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3.2.2. Anh hwéng cua pH dén hoat tinh ciia
enzyme [-D-fructofuranosidase

Trong ché phim Pectinex Ultra SP - L, hoat
tinh chuyén hoa ctia enzyme p-D-fructofuranosidase
tang nhanh tor pH = 4,0 dén 4.5, sau d6 thi hoat
tinh kha 6n dinh trong dai pH tir 4,5 dén 6,5. Tuy
nhién, % fructose chuyén hoa cuc dai dat duoc
khi pH= 6,0 v6i ham lugng fructose chuyén hoa
12 9,43% (D0 thi 2).

V6i enzyme do Vién CNTP thu nhan, hoat
tinh ciia enzyme ting nhanh tir pH = 4,0 &n 4,5 va
dat cuc dai tai pH = 5,0 vdi ham lugng fructose

=3

=

oo

| mPectinex Ultra

SP-L
| Ovien CNTP

ES

Ham lugng Fru chuyén hod (%)

o

EY

Ty 1¢ enzyme/co chit (v/v)

Do thi 3. Anh hwéng cia ty 18 E/S dén
hoat tinh enzyme B-D-fructofuranosidase
trong ché phim Pectinex Ultra SP-L
va ctiia Vién CNTP thu nhan

Theo db thi 3, hoat tinh chuyén hoa fructose
cua enzyme ting nhanh khi ty 1€ E/S tang tu
0,0025 dén 0,02 ddi v6i ca hai ché pham. Sau do,
hoat tinh tiép tuc ting nhung rat cham va khong
dang ké khi ty 1& E/S tiép tuc tang dén 0,04, roi
giam dan khi tang ty 1& E/S dén 0,05 va 0,06.
Viéc tang ty 1¢ E/S 1én nhung khong lam thay d6i
% fructose chuyén hoa la mot su lang phi va khong
hiéu qua. Vi vay ty 1€ E/S = 0,02 dugc chon 1a ty 1¢
t6i thich cho enzyme B - D - fructofuranosidase
trong ca hai loai ché pham hoat dong.

3.2.4. Anh hwéng cia thoi gian phan vmg dén hoat
tinh cua enzyme [-D-fructofuranosidase

D6 thi 4 cho thdy, ham luong fructose
chuyén hoa tang 16 rét khi thoi gian phan tng tang
tir 3 gioy dén 9 gio va dat cuc dai tai 9 gid voi ham
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chuyén hoa 1a 8,16%, sau d6 thi hoat tinh gidm
dan trong dai pH tir 5,5 dén 6,0. Két qua nay
cling phu hop véi cac cong bd rang pH tbi wu cho
B-D-fructofuranosidase nam trong khoang tir 5,0
dén 6,8 (Nguyén Thi Huong Thom, 2006).

Tir phan tich trén, pH 6,0 va 5.0 ldn luot
dugc chon 1a gia tri pH tdi thich cho enzyme B-
D-fructofuranosidase trong ché phdm Pectinex
Ultra SP-L va ché phiam cua Vién CNTP thu
nhén hoat dong.

3.2.3. Anh hwéng cia ty 1é E/S dén hoat tinh ciia
enzyme [-D-fructofuranosidase
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Do thi 4. Anh hudng ciia thoi gian phan ing
dén hoat tinh enzyme 3 - D fructofuranosidase
trong ché phflm Pectinex Ultra SP-L va
cita Vién CNTP thu nhén

lugng fructose chuyén héa dat 11,43% déi voi ché
phim Pectinex Ultra SP-L. Sau d6 ham lugng
fructose chuyén hoa ting rat chdm, gan nhu khong
dang ké va 6n dinh. Dbi v6i ché pham enzyme ctia
Vién CNTP thu nhan, ham lugng fructose chuyén
hoa tiang lién tyc tir 3 gio dén 15 gio va dat cyc dai
tai 15 gio voi gia tri 12,74%. Sau d6, ham lugng
fructose chuyén hoa giam. Vi vay, gia tri thoi gian
phéan tmg 14 9 gio va 15 gio 1an lugt duge chon 1a
thoi gian thich hgp nhat cho enzyme B - D -
fructofuranosidase trong ché pham Pectinex Ultra
SP-L va cua Vién CNTP thu nhan hoat dong.

3.3. Xay dung quy trinh san xuit dwong FOS tir
dwong sucrose st dung enzyme f§ - D -
fructofuranosidase va xac dinh thanh
phén duong FOS cé trong thanh phim
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Puong sucrose

l +H,0O

Dich duong 50%

- Piéu chinh pH = 6,0

- Thém enzyme theo ty 1¢
E/S=0,02 (v/v)

-U 6 55°C trong 9 gioy

- Bit hoat enzyme bang cach

Puong sucrose

l +H,0O

Dich duong 50%

- biéu chinh pH= 5,0

- Thém enzyme theo ty 1¢
E/S =0,02 (v/v)

-U ¢ 50°C trong 15 gid

- Bit hoat enzyme bang cach

dun s6i dich trong 2 phut dun s6i dich trong 2 phut

v \4
Hdn hop chira FOS Hon hop chira FOS
- Tinh ché
- C6 dic
A 4
| Sird FOS Sird FOS

So' d6 1b. Quy trinh thu nhan dwong
FOS tir dudng sucrose sir dung FOS tir duwdng sucrose sir dung enzyme
enzyme [3-D-fructofuranosidase B-D-fructofuranosidase cia Vién CNTP

trong ché pham Pectinex Ultra SP-L thu nhin

So' d6 1a. Quy trinh thu nhin duong

Biang 2. Két qua phan tich thanh phin dwong bing phwong phap HPLC

Loai ché pham Fru Glc Suc FOS
ACEP (%) (%) (%) (%)
Pectinex Ultra SP - L 1,59 26,81 9,96 61,64
Vién CNTP 2,13 26,29 10,10 61,48
: I £ 1
i i . FOs:
| = | =3 el i *
ls 1 2 i GF, 5 :
e El s Tt B GFy
s sl 2swe £ 2
;.'| A =0 \‘. /A i //_\\
gl r__i'{-':F{lu_f LT r.._._,..\..q" T N T (. NS VS S—

E) 2 30 P 0 - ) Y a0
inanes

Hinh 1. Sic ki d6 ciia FOS va cac duong thanh phin khac trong sian phim thu nhin
v6i enzyme -D-fructofuranosidase trong ché pham Pectinex Ultra SP-L
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Hinh 2. Sic ki dd ciia FOS va cac duwong thanh phin khéc trong san phim thu nhén
v6i B - D - fructofuranosidase ciia Vién CNTP thu nhén

4. KET LUAN

Hoat tinh ctiia enzyme B-D-fructofuranosidase
trong ché pham Pectinex Ultra SP-L 1a 18,77
(U/ml), cua enzyme B-D-fructofuranosidase do
Vién CNTP thu nhén la 13,60 (U/ml).

Piéu kién tbi thich cho enzyme pB-D-
fructofuranosidase trong ché pham Pectinex
Ultra SP-hoat dong 1a: Nhiét do : 55°C; pH : 6,0;
Ty 1é enzyme/co chit : 0,02; Thoi gian phan tng:
9 gio. Enzyme B-D-fructofuranosidase cua Vién
CNTP thu nhan hoat dong tot trong diéu kién:
Nhiét do: 50°C; pH: 5,0; Ty 1& enzyme/co chat:
0,02; Thoi gian phan tng: 15 gio.

Nghién ciru da dé xuit dugc quy trinh san
xuat FOS tir duong sucrose st dung hai ché
pham enzyme dugc dé xuét trén so dd 1a va 1b.

San pham FOS thu nhan v&i ché pham
Pectinex Ultra SP-L c6 thanh phan cic loai
duong la: FOS: 61,64%; Sucrose: 9,96%;
Glucose: 26,81%; Fructose: 1,59%. San phém
thu nhén véi B-D-fructofuranosidase cuia Vién
CNTP thu nhan: FOS: 61,48%; Sucrose: 10,10%;
Glucose: 26,29%; Fructose: 2,13%.

Trong twong lai, quy trinh san xudt duong
FOS & dang sird v6i ndng d6 cao hon va FOS ¢
dang tinh thé can dwoc mé rong nghién ctru dé
ng dung quy trinh san xudt & mot quy mo san
xuat 16n hon (nha may, cong ty thuc pham...).
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