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TOM TAT: Trong nghién citu nay, ching t6i budc ddu khao sat qua trinh thiy phdn
lién tuc saccharose bang enzyme invertase co dinh trong gel alginate. Hai Yéu 16 dwoc khao
sdt la anh hwéng ciia nhiét do va toc do pha lodng dén qua trinh thity phdn saccharose trong
thiét bi phan tmg lién tuc. Két qua thwc nghiém cho thdy: Trong nhiing gic thily phdn dau tién,
hoat tinh ciia enzyme ¢ nhiét dg 55 °C cao hon hoat tinh cua enzyme ¢ 35 °C. Tuy nhién, hoat
tinh ciia enzyme bi giam nhanh hon trong nhiing gio thuy phan tiép theo. Thoi gian “bdn hiy”
cia invertase co dinh khi vdn hanh thiét bi ¢ 55 °C va 35 °C ldn luot la 4 va 95 ngay. Con khi
tiing téc do pha loang cua hé thong, fgdng sudt hoat dong ctla thiét bi s€ tang nhung hiéu sudt
thiy phan saccharose giam di. V&i toc d pha loang cua hé théng la 0,12 va 0,17 gio!, hiéu
sudt thity phén saccharose sau 7 ngay van hanh lan luot la 82 va 72%.

1. GIOI THIEU

Invertase, tén khoa hoc 1a fructofuranoside fructohydrolase (EC 3.2.1.26), 14 enzyme x0c
tac phan tmg thuy phan saccharose thanh glucose va fructose (ti 1€ mol 1:1), con dugc goi la
duong nghich dao. Puong nghich dao dugc Gng dung rat nhiéu trong cdng nghiép thuc pham,
dic biét 1a trong cong nghé san xuét banh keo va nudc giai khat [3, 5, 7].

Puong nghich dao co6 thé duoc san xuét bing phuong phip héa hoc (s dung xUc tac la
acid citric, acid tartric hay acid phosphoric) hodc phuong phap hoa sinh (str dung xuc tac la
enzyme invertase). Tuy nhién, phuong phap héa sinh cho san phém c6 chét lugng cao hon hén
phuong phap hoa hoc [6, 7, 10]. Trong cong nghiép, khi st dung enzyme lam xuc tac, enzyme
¢b dinh dugc coi 1a mét giai phap ky thuét gop phin lam giam chi phi cho san xut. Cho dén
nay, trén thé gi6i da c6 nhicu nghién clu v& ¢b dinh enzyme invertase trén nhiéu loai chét
mang nhu polyvinylalcohol (Agkul va cong su, 2001), polyacrylamide (Mansour va Dawoud,
2003), chitosan (Hseih va cong su, 2000)...

Vin d& duoc d& cap dén trong nghién ciru nay 13 ching ta nén sir dung enzyme c¢b dinh
nhur thé nao dé qua trinh san xuét dat hiéu qua cao nhat. Mot trong nhitng giai phap phd bién 1a
sir dung enzyme c6 dinh 1am xtic téc trong thiét bi phan tmg lién tuc [3, 6, 8, 11]. K& thira két
qua nghién clru vé enzyme invertase cb dinh trong gel alginate cia tic gia Lé Van Viét Mén va
Dirong Thi Thuy Tram (2003), trong nghién ctru nay, ching t6i tién hanh khao sat so bd qua
trinh thty phén lién tuc saccharose bing enzyme invertase ¢6 dinh trong gel alginate.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u
Ché phém invertase ((3-D-fructofuranoside fructohydrolase, E 3.2.1.26) dang })C)t, dugc thu
nhan tir ndm men banh mi Saccharomces cerevisiae) do hing Sigma (MJ) san xuét.
,Algin’ate c6 ngudn géc tir 1gi6ng rong mo Sargassum do Pai hoc thily san Nha Trang san
xudt (Ché pham dang ran, d6 am 21,88%, d6 nhét cua dung dich alginate 1,5% & 25 °Cla 720
cp).
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Saccharose do Céng ty duong Bién Hoa san xuét (Ham luong saccharose: > 99,8%, d6 am:
< 0,05%, ham lugng dudng khu: < 0,03%).

Céc hoa chit phén tich sir dung trong nghién ctru do Merck AG (Ptc) va Shantou Xilong -
Guangdong (Trung Qudc) san xudt.

2.2. Phuwong phap nghién ciru

2.2.1. Cé dinh invertase trong gel alginate bang phwong phdp nhiot enzyme trong mang
gel diic

Trong nghién ciru ndy, enzyme invertase dugc ¢é dinh trong gel alginate bing phuong
phép nhét theo quy trinh nhu sau: Trén déu dung dich alginate natri nong do 2,5% (w/v) véi
dung dich enzyme invertase 1,33% (w/v) theo ti 1& 1:1 (v/v). Nhé hon hop trén vao dung dich
CaCl; 2% (w/v) dé tao hat enzyme cb dinh. Tiép tuc ngam hat enzyme c¢b dinh trong dung dich
CaCl, 2% trong 2 gid dé 1am tang do bén cia hat. Sau 2 gid, vét hat enzyme cd dinh ra khoi
dung dich CaCl, 2% va rira hat 3 lan bé"lng nudc cat. Hat enzyme ¢ dinh tao thanh cé dang
hinh cdu véi duong kinh trung binh 3-4 mm. Hat enzyme cb dinh dugc ngidm vao dung dich
dém acetate 0,1 M pH 4,5 trude khi dem sir dung.

2.2.2. Xdc dinh hiéu xuiit cé dinh invertase trong gel alginate

Hiéu suft c6 dinh enzyme invertase trong gel alginate (Hg) duoc tinh bang ti s6 gitra
luong enzyme da bi nhét trong hat gel trén lugng enzyme ban diu diung dé c¢6 dinh.

A,-A

H x100% (1)

cd =
(o]
Trong d6, H.s: Hiéu sut ¢ dinh enzyme (%),
A,: Luong enzyme ban dau ding dé cb dinh (g),
A: Lugng enzyme bi thodt ra ngoai hat gel trong qué trinh ¢6 dinh (g).

2.2.3. Khdo sdt qud trinh thily phén lién tuc saccharose bang enzyme invertase cé dinh
trong gel alginate

Qué trinh thiy phén lién tuc saccharose bang enzyme invertase ¢ dinh trong gel alginate
dugc tién hanh trong ¢t phan ng lién tyc hinh tru v6i duong kinh 32 mm va chiéu cao 300
mm. The tich dung dich trong binh phan tng la 180 mL. Lugng enzyme c¢b dinh trong cot
phan Gng: 18 cm’ hat enzyme ¢b dinh (twong dwong vé6i 0,095 g ché phdm enzyme dang bot).
Néng d¢ dung dich saccharose trong binh phan tng: 200 g/L.

Thi ngh1em duogc tién hanh nhu sau: Cho dung dich saccharose va enzyme ¢b dinh vao cot
phan tng. Tién hanh luu dung dich co chit trong c6t dén khi hiéu suét thiy phén trong cot
phan tmg khong thép hon 85%. Sau d6, bit diu tién hanh chim co chit vao ¢t tr phia dinh va
thdo san pham ra khoi cft tir phia déy véi luu luong nhu nhau. Sau nhimg khoang thoi gian
xac dinh, chung t6i tién hanh lay méu san phém va xéc dinh ham lugng dudng khir trong mau.

Hiéu suét phan ting thily phén saccharose H (%) bang enzyme invertase ¢ dinh dugc tinh
bang cong thirc sau:

H (%) = (TRS/TS)x(19/20)x100 2)
Trong do6, TRS: Luong dudng khir sinh ra sau phan g (mM),
TS: Lugng dudng saccharose trong dung dich trude phan ing (mM),
19/20: H¢ s6 chuyén ddi tir dudng khir sang saccharose.
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Su v6 hoat enzyme dudi tic dung cla cac yéu td méi truong (nhiét do, pH...) duoc bidu
dién theo phuong trinh (3) [5].
' O [Al=[AE ®)

Trong d6, k: Hang s6 tdc do v6 hoat enzyme (phut™),

A,: Hoat d6 riéng ctia enzyme tai thoi didm ban du (U/mg protein enzyme),
A: Hoat d riéng con lai ctia enzyme sau thoi gian gia nhiét t (U/mg
protein enzyme).

Lay logarit phuong trinh (3) ta dugc phuong trinh:

In[A] = -kt + In[A,] (4)

Trong thuc nghiém, dé don gian, nguoi ta co thé thay gia tri hoat d6 riéng ctia enzyme A
va A, bﬁng hoat tinh ciia enzyme invertase (tinh theo % so vo1 hoat tinh ban d4u) ma khong
1am thay doi dang ké két qua thi nghiém.

Tir két qua thi nghiém, ching t6i tién hanh dyng dé thi biéu dién mdi quan hé giita ham In
(hoat tinh ctia enzyme invertase) theo thoi gian. Tir dé, ching t6i tién hanh xac dinh hang s6
téc do k va thoi gian “béan hiy” tip.

2.2.4. Plurong phdp xdc dinh hoat tinh enzyme invertase ¢ dinh trong gel alginate tqi
nhiing thoi diém xdc dinh trong thiét bi phan itng lién tuc

Do gié tri hoat tinh ciia enzyme ti 1¢ thudn v6i lugng san pham sinh ra, nén trong nghién
ctru nay, hoat tinh ctia invertase ¢b dinh tai mét thoi diém xéc dinh khi hoat ddng trong thiét bi
phan Gng lién tuc dugc dénh gia-gian tiép théng qua ham lugng dudng khir trong dung dich
phan Ung ngay tai thoi didm d6. Chung téi qui ude luong dudng khir ngay tai thoi diém bét
dAn cham co chét vao cot tuong duong v&i 100% hoat tinh cla invertase cb dinh. Tir do, sau
khi xdc dinh dugc ham lugng duong khir trong mau tai nhiing thoi didm x4c dinh, ching t6i co
thé x4c dinh duoc phén tram hoat tinh invertase cb dinh so v6i hoat tinh ban d4u (chinh 14 hoat
tinh cua enzyme tai thoi diém bit diu chim co chét) tai thoi diém do.

Ham lugng duong khir dugc xdc dinh bing phuong phap quang phd so mau, st dung thude
thir 3,5-dinitrosalicylic acid [14].

2.3. Chi thich mét s6 thuit ngit

2.3.1. Hiing so toc dp vé hoat enzyme
Qua trinh vd hoat enzyme dudéi tdc dong ctia cic yéu t6 mdi truong dugc biéu dién bang
phuong trinh d¢ng hoc bac mot [5]:
Ea — E;
Trong d6, E,: Enzyme hoat dong,
E;: Enzyme d4 bi v6 hoat.
) Téc dd vo hoat enzyme dugc tinh bang cong thic:
V =k.[E.] (5)
Trong d6, V: Téc do tirc thoi ciia qué trinh v hoat enzyme tai thoi diém t (g/l.gid),
k: Hing s tdc do vo hoat enzyme (gido™),
E,: Ham luong enzyme chua bj v6 hoat tai thoi didm t (g/1).
Y nghia cita hdng s téc do vo hoat enzyme k: k chinh 12 tbe do v hoat enzyme khi nong
do enzyme ban dau tham gia phan {mg la 1g/1. k cang 16n, véan toc v6 hoat enzyme cang lon. k
duoc tinh bing don vi (1/don vi thoi gian). Pon vi thoi gian sir dung c6 thé la phut, gid hay
ngay...
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2.3.2. Thoi gian “bdan hiiy”
Tho1i gian “ban huy” ty, dugc dir}h nghia la thoi gian ma tai d6 hoat tinh cia enzyme giam
di 50% so vo1 gia tri hoat tinh ban dau.
2.3.3. Téc dp pha lodng co chiit
Téc d6 pha loang co chét dugc tinh bang ti sé giita luu lugng dong nhép co chat va thé tich
dung dich trong c6t phan tmg. Téc d6 pha loang cho biét % ti 1& thé tich cua dung dich co chat
trong cdt phan tng duoc “lam moi” trong qua trinh thay phén.
F
D=— (6
7 )
Trong dé, D: téc d pha loing (gio™),
F: Luu luong dong nhép co chét (ml/gio),
V: Thé tich dung dich trong c6t phan tmg (ml).

3. KET QUA VA BAN LUAN

3.1. Hi¢u suit c6 dinh enzyme invertase trong gel alginate

Khi qé dinh enzyme trén mét qhét mang xac dinh, s€ c6 mot phén nhd enzyme bi thoat ra
ngoai nhat mang trong qua trinh co dinh. Lugng enzyme bi thodt ra ngoai cang it thi hiéu qua
co dinh cia phuong phap d6 sé cang cao va trién vong (mg dung cia phuong phap do s&€ lon
hon.

Khi ¢ dinh enzyme invertase trong chdt mang alginate bing phuong phép nhét trong
khuon gel, hiéu sudt ¢ dinh enzyme invertase 1a 79,3443,48% (Bang 1). Khi thue hién thi
nghiém, chung t6i thdy ring phin l6n luong enzyme bi thoat ra ngoai hat gel trong qua trinh ¢6
dinh 1a nhitng phan tir enzyme & bé mat hat. D6 1a do khi nho hén hop enzyme-alginate natri
vao trong dung dich CaCl, 2% dé tao hat, mot sé phan tir enzyme nam tai bé mat ngoai va
viing bién thoat vao dung dich CaCl,. S6 liéu thuc nghiém cho thdy dung dich CaCl, sau qua
trinh ngdm hat gel c6 chira moét luong enzyme invertase. Nguoc lai, ham lugng invertase trong
nudc cat sau qua trinh rira 1a khong dang ké. Nhur vay, qué trinh rira céc hat gel chtra enzyme
invertase ngay sau khi tao hat khong lam ton thit lugng enzyme c6 trong hat. Nguyén nhan
chinh 13 do c4u triic 16 mao quan ciia mang gel alginate kha nhé so véi kich thugc phén tir cia
enzyme invertase nén enzyme khéng bi khuéch tin ra ngoai trong qué trinh rira.

Bang 1: Hiéu sudt c6 dinh invertase trén gel alginate.

Thi nghiém Ll‘ro'ng enzyme ban déu - Luqx_lg gnzyme khong | Hiéu sudt cé dinh H
dung dé ¢o dinh A, (g) bi cb dinh A (g) (%)
1 0,89 0,22 75,66
2 135 ; 0,16 79,53
3 1,33 0,29 82,29
Trung binh 79,34+3,59

Nhu véy, khi so sinh hiéu suit ¢d dinh enzyme invertase trong gel alginate véi hiéu suat
co dinh enzyme invertase trén nhiéu loai chat mang khac nhu lectin (hiéu suét co dinh la 76%
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(Ahman va cong sy, 2001)) [2], polyacrylamide (hiéu suét ¢b dinh 1a 100% (Abdellah va cong
su, 1992)) [1] thi hiéu suat c6 dinh enzyme trong gel alginate ciing kha cao.

3.2. Khao sat anh huéng cia nhiét do dén qua trinh thily phén saccharose trong thiét

bi phén @ng lién tuc

_ Trong thi nghiém nay, chung toi tién hanh khao sat qud trinh thity phan lién tuc saccharose
bang enzyme invertase co dinh trong ge} alginate ¢ 2 che do nhiét do 1a 35 va 55 °C trong 86
gidr. Két qua thi nghi¢ém thu dugc cho thay:

_ Khi van hanh thiét bi & 55 °C, thdi gian luu cin thiét @& hiéu suat thiy phan
saccharose dat 85% trudc Kkhi tién hanh cham co chét va thdo san phédm ra khoi ¢t 1a 5
gi. Trong khi d6, néu vén hanh thiét bi & 35 °C thi thoi gian luu kéo dai t&i 7 gio.

- Sau 86 gid thity phan, & 35 °C, hoat tinh enzyme con 95% so véi gia tri hoat tinh
ban dau; trong khi do, ¢ 55 °C, hoat tinh enzyme chi con 58% so v6i gié tri hoat tinh ban
dau (Hinh 1).
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Hinh 1. D6 bén hoat tinh ciia enzyme invertase ¢b dinh trong gel alginate trong sudt qua trinh thay phin
saccharose trong thiét bi phan ng lién tuc 6 35 va 55 °C. Co chét 14 dung dich saccharose ¢6 nong do
' 200 g/L, téc do pha loang co chét cta hé théng 12 0,12 gi™".

Nhu vay, trong nhitng gi¢' thiry phén déu tién, hoat tinh xuc tac cla invertase cb dinh & 55
°C cao hon so véi & 35 °C. Tuy nhién, trong nhimg gi¢ thiy phan tiép theo, viéc tang nhiét do
lam cho hoat tinh x{c tac cla invertase ¢b dinh giam di nhanh chéng. Nguyén nhén ciia hién
twong trén la do enzyme da bi vo hoat dudi tic dung clia nhiét do [2, 5, 7].

Tur két qué thi nghiém trén, ching to1 tién hanh xéac dinh hing s6 toc d6 vo hoat enzyme k
va thoi gian "ban hity” ti (Bang 1). Két qua thi nghiém cho théy hing sb tbc do vo hoat
enzyme k ciia enzyme 6 dinh trong truong hop thiy phan & 35 °C thp hon 20 lan trudng hop
thity phan & 55 °C. Con thoi gian “ban hily” trong trudng hop thiy phén ¢ 35 °C dai hon 24 lan
truong hop thay phén & 55 °C. Nhu viy, & nhiét do 35 °C, d6 bén hoat tinh cia enzyme
invertase cb dinh trong gel alginate kha 1é6n. Do do, viéc tmg dung enzyme invertase ¢b dinh

trong gel alginate vao thyc tién san xudt 12 rét kha thi.
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Vian dé can dugc chi v & ddy 14 vi sinh vat ¢ thé phat trién trong dung dich thuy phan khi
qué trinh duoc thuc hién & nhiét dé 35 °C. Tuy nhién, diéu do6 khong déng lo ngai vi d6i voi
mot hé thong thiét bi lién tuc khép kin da dugc vé sinh k¥, dich co chét dau vio da dugc thanh
trung va pH cia dung dich co chat ¢6 gia tri 4,5 thi nguy co nhiém vi sinh la khéng lon. Mat
khéc, dé han ché _su phat trién cia vi sinh vét, ching ta ciing ¢6 the tién hanh st dung dung
dich co chit c6 nong d6 cao. Giai phap ndy rat ¢6 loi vé mat kinh té vi s& lam giam kich thugc
thiét b st dung va tdng chi phi ning luvong cho qua trinh thiy phan.

3.3. Khao sat danh huwdéng cia toc d6 pha loding dén qua trinh thiy phan lién tuc
saccharose bing enzyme invertase ¢6 dinh trong gel alginate

Trong thi nghi¢ém nay, ching téi tién hanh khéo st qué trinh thiry phéan lién tuc saccharose
bing enzyme invertase c6 dinh, sir dung 2 tdc d6 pha lodng co chat 1a 0 12gio! va 0,17gio™.
Thi nghiém dugc tién hanh trong 7 ngay Nhlet do thuy phan 1a 35°C. Két qua trén hinh 2 cho
thay: O téc do pha 10ang co chét 0,12 gio™" va 0,17 gio™', sau 7 ngay hoat dong, hoat tinh cia
enzyme invertase ¢6 dinh con lai 1an lugt 13 95% va 84% so v6i gid tri ban dau.

Bang 2. Hing s6 tdc do vo hoat enzyme k va thoi gian “ban hily” t;, clia enzyme invertase %)
dinh trong gel alginate trong qué trinh xtc tic trong thiét bi thiy phén lién tuc.

Ché d6 van hanh
Nhiét do (°C) Téc do pha lodng (gio™) ti (g10) k (gio™)
E 0,12 93 © 6,9.107
35 0,12 2286 3,0.10
5 0,17 612 1.2.10°

Két qua thi nghiém cling cho thiy khi vén hanh cot & 35°C, hang so tc d6 v6 hoat enzyme
k cta enzyme c6 dinh khi vén hanh cdt & tbc do pha loding 0,17gio™" cao hon 4 14n so véi
truong hop vén hanh cét & toc d6 pha loang 0, 12gio’". Thoi gian "ban huy” ti trong tr ucrng
hop téc dé pha loang 0,17 gio™ ngan hon 3,7 lan so véi truong hop téc do pha lodng 0,12gio™
(Bang 1).
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Hinh 2. D6 bén clia enzyme invertase c6 dinh trong gel alginate trong sudt qué trmh thuy phan
saccharose trong thiét bi phan tng lién tuc & 2 téc do pha loiing co chét 14 0,12gio™ va 0,17gio™.
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Nhur viy, khi ting tbc do pha lodng co chit cia hé thdng lién tuc, ning suit hoat dong cua
hé thdng s& tang, tuy nhién, hoat tinh cua enzyme s& giam nhanh theo thoi gian. Nguyén nhan
caa hién tuong nay khong phai 1 do enzyme bi v6 hoat ma 12 do khi téc dd pha lodng cia hé
théng qué 16n thi thoi gian co chét trong c6t phan tmg duogc tiép xuc vdi enzyme s€ giam, két
quéa din dén mot phén co chit chua kip tiép xtc v6i enzyme di b déy ra khoi hé théng, lam
giam_hiéu suat thay phdn coa phan mg [7]. Két qua thyc nghiém trén hinh 3 cho thdy sau 7
ngay thiy phan, hiéu suét phan (mg & téc do pha lodng 0,17gido”" luén thip hon so véi trudng
hop tbc do pha lodng 0,12gi€r’1. Trong thuc té san xuat, dé chon duoc ché do van hanh tdi uu,
chung ta nén cin nhic giita ning suit va hiéu suat sao cho phu hop v6i muyc tiéu da dugc dé ra.
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Hinh 3.Hiéu suét qua trinh thiy phén lién tyc saccharose bang enzyme invertase ¢b dinh trong gel

-

alginate trong sudt qué trinh van hanh ¢ 2 ché d6 pha loang co chat1a 0,12gio™ va 0,17gio™.

4. KET LUAN

Tir két qua nghién ciru trén, ching to1 thdy rang nhiét dg va tdc do pha lodng c6 anh hudng
rét 16n dén qua trinh thuy phén saccharose trong thiét bi phan ¢mg lién tuc. Khi tang nhiét do

,

tlr 35 1én 55°C, hoat tinh clia enzyme co dinh trong nhiing gi¢ thuy phén dau tién,s€ tang; tuy
nhién, hoat tinh ctia enzyme c6 dinh s& giam nhanh trong nhiing gio' thiy phan tiép theo. Con
khi tang tdc d6 pha loang thi nang suat hoat déng cia cdt phan (g s€ tang, tuy nhién hiéu suét

thity phan s& giam. Trong thuc té san xuat, khi sir dung enzyme ¢6 dinh trong thiét bi phan tng

lién tuc, chung ta nén cin doi cdc ham muc tiéu dé chon ché d6 van hanh thiét bi cho phu hop.
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STUDY ON CONTINUOUS HYDROLYSIS OF SUCROSE BY INVERTASE

IMMOBILIZED IN ALGINATE GEL

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

ABSTRACT: This research focuses on the continuous hydrolysis of sucrose by
invertase immobilized in alginate gel. 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
Jollowing 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 system is 0,12 and

0,17 1,
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the hydrolytic yield of sucrose inversion after 7 days was 82 and 72%, respectively.
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