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TOM TAT: Trong nghién cizu ndy, ching tdi buéc dau khao sat qua trinh thiy phan
lién tuc saccharose bang enzyme invertase c6 dinh trong gel alginate. Hai yéu té duwoc khao
sét 1a anh huong cia nhiét dé va toc d pha lodng dén qué trinh thiy phan saccharose trong
thiét by phan iing lién tuc. Két qua thuc nghiém cho thdy: Trong nhizng gio thiy phan dau tién,
hogt tinh ciza enzyme ¢ nhiét do 55 °C cao hon hogt tinh cia enzyme ¢ 35 °C. Tuy nhién, hogt
tinh ciia enzyme b giam nhanh hon trong nhizng gio thuzy phan tiép theo. Thei gian “ ban hiy”
cua invertase co dinh khi vén hanh thiét bi ¢ 55 °C va 35 °C lan luot 1a 4 va 95 ngay. Con khi
tang téc dé pha loding cia hé thong, nang sudt hoat déng cua thiét bi sé tang nhung hiéu sudt
thiy phan saccharose giam di. Véi téc dé pha loding cia hé thong 1a 0,12 va 0,17 gio™, hiéu
suat thiy phan saccharose sau 7 ngay van hanh lan luot 12 82 va 72%.

1. GIOI THIEU

Invertase, tén khoa hoc la -fructofuranoside fructohydrolase (EC 3.2.1.26), |a enzyme xUc
téc phan tng thuy phén saccharose thanh glucose va fructose (ti 1€ mol 1:1), con dwoc goi la
duong nghich dao. Puong nghich dao dugc ting dung rat nhiéu trong cdng nghiép thuc pham,
dic biét latrong cdng nghé san xuit banh keo vanudéc giai khét [3, 5, 7).

Puong nghich d4o c6 thé dugc san xuat bang phuong phép héa hoc (sir dung xdc téc 1a
acid citric, acid tartric hay acid phosphoric) hoiac phuong phdp hoa sinh (sir dung xuc téc la
enzyme invertase). Tuy nhién, phuong phéap hda sinh cho sin pham c6 cht lugng cao hon hin
phuong phap hda hoc [6, 7, 10]. Trong cong nghiép, khi sir dung enzyme lam xuc téc, enzyme
co dinh dugc coi lamot giai phap ky thuat gop phan lam giam chi phi cho sin xuét. Cho dén
nay, trén thé gisi da co nhiéu nghién ciru vé cd dinh enzyme invertase trén nhiéu loai chat
mang nhu polyvinylalcohol (Agkul va cong su, 2001), polyacrylamide (Mansour va Dawoud,
2003), chitosan (Hseih va cong s, 2000)...

Van & duoc dé cap dén trong nghién cru ndy 1a ching ta nén sir dung enzyme cb dinh
nhu thé ndo dé quéatrinh san xuét dat hiéu qua cao nhat. Mot trong nhitng giai phap phd bién la
sir dung enzyme c6 dinh 1am x(c téc trong thiét bi phan ang lién tuc [3, 6, 8, 11]. K¢é thira két
qua nghién ctru vé enzyme invertase c6 dinh trong gel aginate cuatéac gia L& Van Viét Man va
Duong Thi Thiy Tram (2003), trong nghién ciru nay, chung toi tién hanh khao s& so b qua
trinh thay phan lién tuc saccharose bang enzyme invertase ¢ dinh trong gel aginate.

2.NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén ligu
Ché pham invertase (b-D-fructofuranoside fructohydrolase, E 3.2.1.26) dang bét, dugc thu
nhan tir nam men banh mi Saccharomces cerevisiae) do héng Sigma (M) san xuat.
_Alginate c6 nguon goc tir gidng rong mo Sargassum do Pai hoc thuy sin Nha Trang sin
xuat (Ché pham dang ran, do am 21,88%, do nhat cua dung dich alginate 1,5% ¢ 25 °C 1a 720
cp).
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Saccharose do Cong ty duong Bién Hoa sin xuat (Ham luong saccharose: 3 99,8%, do am:
£ 0,05%, ham lugng duong khir: £ 0,03%).

Céc hda chat phan tich sir dung trong nghién ctu do Merck AG (D) va Shantou Xilong -
Guangdong (Trung Qudc) san xuét.

2.2. Phwong phap nghién ciru

2.2.1. Cé dinh invertase trong gel alginate bang phuong phap nhét enzyme trong mang
gd ddgc

Trong nghién ciru nay, enzyme invertase dugc c¢b dinh trong gel aginate bang phuong
phdp nhot theo quy trinh nhu sau: Tron déu dung dich aginate natri nong dé 2,5% (w/v) véi
dung dich enzyme invertase 1,33% (w/v) theo ti I¢ 1:1 (v/v). Nho hén hop trén vao dung dich
CaCl, 2% (w/v) dé tao hat enzyme co dinh. Ti€p tuc ngam hat enzyme co dinh trong dung dich
CaCl, 2% trong 2 gi¢ de lam tang do bé}n cua hat. Sau 2 gio, vét hat enzyme co dinh ra khoi
dung Qich CaCl, 2% va rira hat 3 lan bang nuéc cat. Hat enzyme co dinh tao thanh c6 dang
hinh cau véi duong kinh trung binh 3-4 mm. Hat enzyme c¢b dinh dugc ngém vao dung dich
dém acetate 0,1 M pH 4,5 trude khi dem sir dung.

2.2.2. Xac dinh higu xudt cé dinh invertase trong gel alginate

Hi¢u suat c6 dinh enzyme invertase trong gel alginate (He) duoc tinh bing ti s6 giita
lugng enzyme d& bi nhot trong hat gel trén lugng enzyme ban dau dung dé ¢b dinh.

H,, =R A 1000 (1)
AO
Trong d6, He: Hiéu suat ¢ dinh enzyme (%),
A,: Luong enzyme ban dau dung dé cb dinh (g),
A: Luong enzyme bi thoét rangoai hat gel trong quatrinh ¢ dinh (g).

2.2.3. Khdo sat qué trinh thiy phan lién tuc saccharose bing enzyme invertase cé dinh
trong gel alginate

Qua trinh thuy phan lién tuc saccharose bing enzyme invertase ¢ dinh trong gel aginate
dugc tien hanh trong cot phan ung lién tuc hinh tru véi duong kinh 32 mm va chiéu cao 300
mm. The tich dung dich trong binh phan ng la 180 mL. Luong enzyme co dinh trong cot
phan ing: 18 cm® hat enzyme ¢6 dinh (twong dwong véi 0,095 g ché pham enzyme dang bot).
Nong d6 dung dich saccharose trong binh phan tng: 200 g/L.

Thi nghi ém dugc tién hanh nhu sau: Cho dung dich gaccharose va enzyme cb dinh véo cot
phan tng. Tien hanh luu dung dich co chat trong cot den khi hi¢u suat thuy phan trong cot
phan trng khong thap hon 85%. Sau d9, bat dau tien hanh cham co chat vao cot tir phiadinh va
thao san pham ra khoi cot tir phia ddy véi luu lugng nhu nhau. Sau nhitng khoang thoi gian
x&c dinh, chdng t6i tién hanh lay mau san pham va xac dinh ham luong dusng khir trong mau.

_ Higu suét phan tng thuy phan saccharose H (%) bang enzyme invertase ¢ dinh dugc tinh
bang cong thirc sau:
H (%) = (TRSTS)" (19/20)" 100 ()]
Trongdé, TRS: Lugng dudng khir sinh rasau phan ang (mM),
TS: Luong duong saccharose trong dung dich trege phan (g (mM),
19/20: Hé s chuyén doi tir duong khir sang saccharose.
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_ Sur v6 hoat enzyme dudi thc dung cia céc yéu t6 mdi truong (nhiét do, pH...) dugc bicu
dién theo phueong trinh (3) [5].
[A] =[AJ].€“ ©)
Trong d6, k: Hang sb toc d vo hoat enzyme (phut™),
A, Hoat d6 riéng cua enzyme tai thoi diém ban dau (U/mg protein enzyme),
A: Hoat d6 riéng con lai cua enzyme sau thoi gian gia nhiét t (U/mg
protein enzyme).
L4y logarit phuong trinh (3) ta dugc phuong trinh:
IN[A] = -kt + IN[AJ] 4

Trong thuc nghi¢m, dé don gian, nguoi ta co thé thay giatri hoat do riéng cua enzyme A
va A, bang hoat tinh cua enzyme invertase (tinh theo % so véi hoat tinh ban dau) ma khong
lam thay doi dang ké ket qua thi nghiém.

Tir két qua thi nghiém, chiing t6i tién hanh dung do thi biéu dién méi quan hé gittaham In
(hoat tinh cua enzyme invertase) theo thoi gian. Tur d6, chung tdi tien hanh xac dinh hang so
toc do k vathoi gian “ban hay” ty,.

2.2.4. Phuong phap xac dinh hogt tinh enzyme invertase cé dinh trong gel alginate tai
nhézng thoi diém xac dinh trong thiét bi phan #ng lién tuc

Do giatri hoat tinh cua enzyme ti 1€ thuan véi lugng sin pham sinh ra, nén trong nghién
ctru nay, hoat tinh cuainvertase co dinh tgi mot thoi diém xéc dinh khi hoat déng trong thiét bi
phan tng lién tuc dugc danh gia gian tiep thong qua ham lugng duong khir trong dung dich
phan ng ngay tai thoi dié ém d6. Chung toi qui wéc luong duong khir ngay tai thoi diém bat
dan cham co chét vao cot twong dwong Véi 100% hoat tinh cua invertase cb dinh. Tir do, sau
khi xac dinh dugc ham lwong duong khir trong ma}u tai nhirng thoi diém xéc dinh, chling toi c6
thé xac dinh dugc phan tram hoat ti‘nh invertase co dinh so véi hoat tinh ban dau (chinh 1a hoat
tinh cia enzymetai thoi diém bat dau cham co chat) tai thoi diém do.

Ham luong duong khir dugc xéc dinh bing phuong phédp quang phd so mau, sir dung thudc
tht: 3,5-dinitrosalicylic acid [14].

2.3. Cha thich mét sb thuat ngir

2.3.1. Hang sé téc dg vo hogt enzyme

Qua trinh vd hoat enzyme dudi téc dong cua cac yéu tb mdi truong duoc biéu dién biang
phuong trinh ¢ong hoc bac mot [5]:

E.® E
Trong d6, E, Enzyme hoat dong,
E;: Enzyme dé bi vO hoat.
Téc d6 vo hoat enzyme dugc tinh bang cong thirc:
V =k[E] (5)
Trong d6, V: Tdc do tirc thoi caa quatrinh vo hoat enzyme tai thoi diém t (g/1.gio),
k: Hang s téc do vo hoat enzyme (gio™),
E.. Ham luong enzyme chua bi vo hoat tai thoi diémt (g/l).

Y nghia cia hing sb toc do vo hoat enzyme k: k chinh latoc do vo hoat enzyme khi ndng
d6 enzyme ban dau tham gia phan tng la 1g/l. k cang 16n, van toc vo hoat enzyme cang I6n. k
duoc tinh bang don vi (L/don vi thoi gian). DPon vi thoi gian sir dung cé thé |a phdt, gio hay
ngay...
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2.3.2. Thei gian “bén hay”
Thei gian “ban huy” t, dugc dinh nghia la thoi gian matai do hoat tinh cia enzyme giam
di 50% so véi giatri hoat tinh ban dau.

2.3.3. Téc dé phalodng co chat
Téc do phaloang co chit dugc tinh bang ti 6 gitta luu lwong dong nhap co chat vathe tich
dung dich trong cot phan trng. Téc 6 phalodng cho biét % ti 18 thé tich caa dung dich co chét
trong cot phan tng dugc “1am méi” trong quétrinh thay phan.
F
D=— 6
v (6)
Trong d6, D: téc do phalodng (gio™),
F: Luu luong dong nhap co chat (ml/gio),
V: Thé tich dung dich trong cot phan tng (ml).

3. KET QUA VA BAN LUAN

3.1. Hiéu suit ¢ dinh enzymeinvertasetrong gel alginate

Khi ¢ dinh enzyme trén mot chat mang xéc dinh, & c6 mot phan nho enzyme bi thoét ra
ngoai nhit mang trong qua trinh ¢ dinh. Luong enzyme bi thoét rangodi cang it thi hiéu qua
¢b dinh cia phuong phdp d6 s8 cang cao vatrién vong ing dung cia phuong phdp d6 s3 lon
hon.

Khi ¢b dinh enzyme invertase trong chit mang aginate bang phuong phap nhét trong
khudn gel, hiéu suit cb dinh enzyme invertase 1a 79,34+3,48% (Bang 1). Khi thuc hién thi
nghiém, chling tdi thy ring phan Ion luong enzyme b thoét rangoai hat gel trong quatrinh co
dinh 1a nhitng phan tir enzyme ¢ bé mat hat. 6 la do khi nho hén hop enzyme-alginate natri
véo trong dung dich CaCl, 2% dé tao hat, mot sd phan tir enzyme nam tai bé mat ngoadi va
vuing bién thoé vao dung dich CaCl,. Sb liéu thuc nghiém cho thiy dung dich CaCl, sau qua
trinh ngdm hat gel ¢6 chira mét lvgng enzyme invertase. Nguoc lai, ham lugng invertase trong
nuée cat sau qué trinh rira la khong dang ké. Nhu vay, qué trinh rira c&c hat gel chira enzyme
invertase ngay sau khi tao hat khong lam ton that lwong enzyme cd trong hat. Nguyén nhan
chinh 1a do cu tric 16 mao quan ciamang gel aginate kha nhé so véi kich thudc phan tir caa
enzyme invertase nén enzyme khong bi khuéch tan rangoai trong quatrinh rira

Bang 1: Hiéu suét cb dinh invertase trén gel aginate.

Thi nghiém Luong enzyme ban dau Luqngien.zyme khong | Hiéu suit ¢ dinh H
dung dé co dinh A, (g) bi c¢6 dinh A (g) (%)
1 0,89 0,22 75,66
2 1,25 0,16 79,53
3 1,33 0,29 82,29
Trung binh 79,34+3,59

~ Nhu vy, khi so sénh higu suit c6 dinh enzyme invertase trong gel alginate voi hiéu suat
¢b dinh enzyme invertase trén nhiéu loai chat mang khéc nhu lectin (hiéu suat co dinh 1a 76%
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(Ahman va cong su, 2001)) [2], polyacrylamide (hiéu suit ¢b dinh 14 100% (Abdellah va cong
s, 1992)) [1] thi hiéu suit ¢6 dinh enzymetrong gel alginate ciing kha cao.

3.2. Khio sét anh hwéng cia nhiét d9 dén qua trinh thily phan sacchar ose trong thiét
bi phan wng lién tuc

Trong thi nghiém nay, chling toi tién hanh khao sét quatrinh thuy phan lién tuc saccharose
bang enzyme invertase ¢ dinh trong gel alginate ¢ 2 che do nhiét do 1a 35 va 55 °C trong 86
gio. Két qua thi nghiém thu duoc cho thay:

- Khi van hanh thiét bj ¢ 55 °C, thoi gian luu cn thiét d¢ higu suat thuy phéan
saccharose dat 85% trudc khi tién hénh chém co chat va thdo san pham ra khoi cot 1a 5
gio. Trong khi d6, néu van hanh thiét bi ¢ 35 °C thi thoi gian luu kéo dai t6i 7 gio.

- Sau 86 gio thuy phan, ¢ 35 °C, hoat tinh enzyme con 95% so véi gidtri hoat tinh
ban dau; trong khi do, ¢ 55 °C, hoat tinh enzyme chi con 58% so véi giatri hoat tinh ban
dau (Hinh 1).
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Hinh 1. D6 bén hoat tinh ciia enzyme invertase ¢ dinh trong gel aginate trong sudt quatrinh thuy phan
saccharose trong thiét bi phan tng lién tuc ¢ 35va 55 °C. Co chit ladung dich saccharose c6 nong do
200 g/L, téc do phaloding co chit cua hé thong 140,12 gio™.

Nhu vay, trong nhitng gio thiy phan dau tién, hoat tinh xuc téc ciainvertase ¢ dinh ¢ 55
°C cao hon so véi & 35 °C. Tuy nhién, trong nhitng gid thiy phan tiép theo, viéc ting nhiét do
lam cho hoat tinh xUc téc cua invertase ¢ dinh giam di nhanh chéng. Nguyén nhan caa hién
tuong trén 1a do enzyme da bi vo hoat dudi téc dung caanhiét d6 [2, 5, 7].

Tir két qua thi nghiém trén, chiing toi tién hanh xéc dinh hang s toc do vo hoat enzyme k
va thoi gian "ban huy” t, (Bang 1). Két qua thi nghiém cho thiy hing sb téc do vo hoat
enzymek cia enzyme cb dinh trong truong hop thity phan & 35 °C thap hon 20 lan truong hop
thay phan ¢ 55 °C. Con thoi gian “ban hay” trong truang hop thiy phan & 35 °C dai hon 24 1an
truong hop thuy phan ¢ 55 °C. Nhu vay, & nhiét do 35 °C, do bén hoat tinh cia enzyme
invertase ¢ dinh trong gel aginate khéa 16n. Do do, viéc wng dung enzyme invertase ¢ dinh
trong gel alginate vao thuc tién san xuét larat kha thi.
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Van dé can duoc ch(y & ddy lavi sinh vat co thé phat trién trong dung dich thay phan khi
qua trinh duoc thuc hién ¢ nhiét do 35 °C. Tuy nhién, didu d6 khong dang lo ngai vi ddi véi
mot hé théng thiét bi lién tuc khép kin da duoc vé sinh ky, dich co chat dau vao da duoc thanh
tring va pH cuaa dung dich co chat c6 giatri 4,5 thi nguy co nhiém vi sinh [a khéng lon. Mt
khéc, dé han ché sy phét trién cua vi sinh vat, ching ta ciing c6 thé tién hanh st dung dung
dich co chit cd ndng do cao. Giai phap nay rat co loi vé mit kinh té vi s3 1am giam kich thudc
thiét bi sir dung vaténg chi phi nang luong cho qué trinh thiy phan.

3.3. Khao sat anh hwéng cia téc dd pha lodng dén qua trinh thiy phan lién tuc
sacchar ose bang enzymeinvertase ¢b dinh trong gel alginate

Trong thi nghiém ndy, chang tdi tién hanh khao sa qué trinh thuy phan lién tuc saccharose
bing enzyme invertase ¢ dinh, s dung 2 téc d6 pha lodng co chat 14 0,12gio™ va 0,17gio™.
Thi nghiém duoc tién hanh trong 7 ngdy. Nhiét do thay phan 1a 35°C. Két qua trén hinh 2 cho
thiy: O tdc d6 phalodng co chit 0,12 gio™* va 0,17 gio™, sau 7 ngdy hoat dong, hoat tinh caa
enzymeinvertase ¢ dinh con lai 1an luot 1295% va 84% so véi giatri ban dau.

Béing 2. Hang sb toc do vo hoat enzyme k vathoi gian “ban hiy” ty, ciia enzyme invertase ¢
dinh trong gel alginate trong quatrinh xc tac trong thiét bi thay phéan lién tuc.

Ché d6 van hanh N .

Nhietds °C) | Tocdo phaloang o) | 290 “ @)
55 0,12 93 6,9.10°

35 0,12 2286 3,0.10"

35 0,17 612 1,2.10°

Két qua thi nghiém ciing cho thiy khi van hanh cot & 35°C, hang sb toc do vo hoat enzyme
k cua enzyme cb dinh khi van hanh cot ¢ téc do pha lodng 0,17gio™ cao hon 4 1an so véi
truong hop van hanh cot ¢ toc do phalodng 0,12gio™. Thoi gian "ban hay” ty, trong truong
hop téc d6 phalodng 0,17 gio™ ngén hon 3,7 1an so véi truong hop téc d6 phalodng 0,12gio™
(Bang 1).
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Hinh 2. B9 bén ciia enzyme invertase ¢ dinh trong gel alginate trong sudt quétrinh thiy phan
saccharose trong thiét bi phan tng lién tuc & 2 téc do phalodng co chat 140,12gio™* va0,17gio™.

Trang 28



TAP CHi PHAT TRIEN KH&CN, TAP 10, S0 11 - 2007

Nhu vay, khi ting téc do pha lodng co chit caa hé thdng lién tuc, nang suit hoat dong caa
hé théng s3 tang, tuy nhién, hoat tinh cia enzyme s3 giam nhanh theo thoi gian. Nguyén nhan
cua hién twong ndy khéng phai 1a do enzyme bi vé hoat mala do khi téc d6 phalodng caa hé
thdng qua 16n thi thoi gian co chit trong cot phan ang duoc tiép xdc véi enzyme s3 giam, két
qua dan dén mot phan co chat chua kip tiép x(c voi enzyme da bi day ra khoi hé théng, 1am
giam hiéu suat thiry phan cua phan ang [7]. Két qua thuc nghiém trén hinh 3 cho thay sau 7
ngdy thiy phan, hiéu suat phan {ng & toc do pha loang 0,17gio™ ludn thap hon so Vi truong
hop téc do pha Ioang 0,12gio™. Trong thuc té san xuat, dé chon dugc ché d6 van hanh téi uu,
chling tanén can nhic giita nang sut va hiéu suat sao cho phil hop véi muc tiéu daduogc dé ra
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—e— Toc db phaloang 0,17 (1/gid)
0 T T T T \
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Thai gian (ngay)
Hinh 3.Hi¢u suét qué trinh thay phén lién tuc saccharose biang enzyme invertase c6 dinh trong gel
aginate trong sudt qua trinh van hanh ¢ 2 ché d6 phalodng co chit 1a0,12gio™ va 0,17gio™.

4. KET LUAN

Tur két qua nghién ciru trén, ching tdi thy rang nhiét do vatdc do phalodng co anh huong
rat 16n dén qué trinh thily phan saccharose trong thiét bi phan tng lién tuc. Khi tang nhiét do
tir 35 |én 55°C, hoat tinh cia enzyme c6 dinh trong nhitng gio thay phan dau tién s3 tang; tuy
nhién, hoat tinh ciia enzyme c6 dinh s3 giam nhanh trong nhitng gio thay phan tiép theo. Con
khi tang téc d6 phalodng thi nang suit hoat dong cua cot phan ng 3 tang, tuy nhién hiéu suat
thiy phan s& giam. Trong thuc té san xuét, khi stir dung enzyme cé dinh trong thiét bi phan ang
lién tuc, chiing tanén can ddi cac ham muc tiéu dé chon ché do van hanh thiét bi cho phu hop.
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STUDY ON CONTINUOUSHYDROLYSISOF SUCROSE BY INVERTASE

IMMOBILIZED IN ALGINATE GEL

Vu Thi Kim Hanh, LeVan Viet Man
University of Technology, VNU-HCM

ABSTRACT: This research focuses on the continuous hydrolysis of sucrose by
invertase immobilized in alginate gd. In the continuous bioreactor, the inversion of
saccharose was effected by the reaction temperature and by the dilution rate of the system.
Our experimental results show that: During the first hours, the activity of immobilized
invertase at high temperature (55 °C) was higher than that of immobilized invertase at low
temperature (35 °C). However, the enzyme activity decreased significantly during the
following period of hydrolysis. The half-life of immobilized invertase at 55°C and 35 °C was 4
and 95 days, respectively. Increase in dilution rate of the system raised its productivity but
decreased the hydrolytic yield of sucrose inversion. With the dilution rate of systemis 0,12 and
0,17 h, the hydrolytic yield of sucrose inversion after 7 days was 82 and 72%, respectively.
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