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ABSTRACT

Purified protease from Aspergillus oryzae was immobilized by comlex polymer
microencapsulation. Immobilization of enzyme was effected by alginate concentration, type
of polymer such as chitosan, xanthan gum, maltodextrin and concentration of polymer. The
properties of immobilized enzyme have been investigated such as percentage of yield,
percentage of microencapsulation efficiency, bead size, percentage of leakage of encapsulated
enzyme and percentage of encapsulated enzyme retained over 10-week storage at 0-4°C.
Some results are following: optimum concentration of immobilization is 2,0% alginate,
alginate/chitosan comlex, and 0,4% chitosan which a immobilized yield, microencapsulation
efficiency and beads size is 78,07%; 73,06% and 1,94mm, respectively. Protease leakage was
only 6,65% over 120minutes when encapsulated protease was soaked in de-ionized water
while 81,42% retention of enzyme activity was noted in protease capsules over 10-week
storage at 0 — 4°C. These results indicated that immobilized enzyme in alginate/chitosan can
use for applying on continous process which can make lower price of manufacture.

PAT VAN PE

Protease la enzyme quan trong ciia hé enzyme thuy phan nho vao kha ning thuy phan lién két
peptit glua céc axit amm trong dai phan tu proteln Vi vay, enzyme nay ngay cang duoc tng
dung nhleu trong mot s6 nganh san xuét nhu: ché bién thyc pham, san xuat chat tay ria, thuoc
da, y té, ndng nghiép (Posorske 1984; Krajewsk 2004; Cruz-Ortiz 2011). Tuy nhién, hién nay
gi& thanh ciia enzyme khé cao, bai vi xic tac phan tmg trong diéu kién tdi uu, enzyme hoa tan
trong nuGc nén kh6 thu héi hodc thuc hién phan ung lién tyc (Krajewska 2004). Do do, viéc
¢ dinh enzyme ngay cang duoc chl trong nham tang tinh 6n dinh cua enzyme trong diéu
kién phan @ng nhu nhiét do, pH..., enzyme cé dinh duoc thu hdi sau phan wng nén cé thé sir
dung d¢é thyc hién phan ang lién tuc, gop phan lam giam gié thanh san xuét.

Alginate 1a mot polysacharit duoc sir dung pho bién trong ky thuat ¢ dinh enzyme. Hat
calcium alginate c6 thé duoc san xuat boi mot sé phuong phap nhu phan tan nhil tuong, siy
phun va cong nghé liposome. Cé dinh enzyme trong gel alginate khéng hoa tan Ia phuong
phap nhanh chéng, khong doc hai, c6 hoat tinh twong hop sinh hoc cao, khéng tén kém, va on
dinh trong moéi truong axit, nhung khong 6n dinh trong méi truong kiém (Manjanna 2010).
Do d6, hat calcium alginate dugc tng dung nhiéu trong ¢ dinh cac té bao va enzyme ciing
nhu dugc pham va phy gia thyc pham (Khazaeli 2008). Tuy nhién, hiéu suat ¢ dinh thap va
chit duoc cb dinh c6 thé bi that thoat, dac biét 1a cac enzyme hay cac peptit ¢ trong luong
phan tir nhé hon kich thudc 16 mao quan caa mang gel alginate sé bi that thoét ra ngoai hat co
dinh. B6 sung chitosan c6 thé lam ting hiéu suat c6 dinh nho vao lién két gitra nhom
polycation cua chitosan va nhdm polyanion cua alginate nham Iam giam kich thudc 16 mao
quan cua mang gel alginate, giam su that thoat enzyme (Anjani 2007). Vi vay, nham phan nao
dap tng nhu cau trén, chdng tdi thyc hién: “Nghién ctu ¢ dinh enzyme bang phuc hop
polymer”. Muc tiéu caa nghién ctru nay 1a khao sét tinh chat ciia enzyme ¢ dinh véi cac phic
hop polymer khac nhau nhu san luong enzyme cé dinh, hiéu suat ¢é dinh enzyme, kich thugc
hat, hoat tinh enzyme ¢ dinh thét thoat trong nudc va hoat tinh cua enzyme ¢ dinh con lai
theo thoi gian bao quan. Nham tim ra dwoc nong d6 alginate, loai polymer, phic hop polymer
va nong do polymer téi uu cho qua trinh ¢6 dinh enzyme.

PHUONG PHAP NGHIEN CcUU

Cé dinh protease trong phirc hop polymer
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Cb dinh protease trong phirc hop alginate/chitosan bang phuong phap nhdt theo quy trinh sau:
Chuan bj cac dung dich phac hop alginate/chitosan véi nong d6 alginate lan luot 12 1,5% ;
2,0% (w/v), ndng do chitosan lan luot 12 0,2% ; 0,4% (w/v) va dung dich protease 2% (wW/v).
Tron déu dung dich alginate/chitosan véi cac néng d¢ alginate va chitosan khac nhau voi
dung dich protease theo ty Ié 4:1 (v/v). Nho ting hon hop alginate/chitosan — protease vao
dung dich CaCl, 0,1M thdng qua dng tiém va kim tiém c6 duong kinh 15 kim 12 0,30 x 13mm
dé tao hat enzyme cb dinh. C6 dinh protease trong phiic hop alginate/xanthan gum va
alginate/maltodextrin dugc tién hanh twong tuy nhu phuc hop alginate/chitosan, thay thé
chitosan bang xanthan gum hozc maltodextrin. Hat enzyme ¢6 dinh dwoc ngdm trong dung
dich tao gel CaCl, 0,1M trong 30 phdt. Sau 30 pht, hat enzyme ¢ dinh dwoc thu hdi bang
cach loc qua gidy loc, rira hat 2 1an voi nuée cat, cho vao lo thuy tinh ¢6 nip day, ngam trong
nudc loai ion, bao quan & nhiét do 0-4°C trong 10 tuan. Ky hiéu mau va cong thuc tao phirc
hop polymer dugc trinh bay trong Bang 1.

Bang 1: Ky hiéu miu va cong thic tao phicc hep polymer

Mau Nong do Loai polymer Nong do polymer

Alginate (%) (%)
Al1,5C0,2 15 Chitosan 0,2
Al1,5C0,4 15 Chitosan 0,4
Al,5M0,2 15 Xanthan gum 0,2
Al,5M0,4 15 Xanthan gum 0,4
Al1,5X0,2 15 Maltodextrin 0,2
Al,5X0,4 15 Maltodextrin 0,4
A2,0C0,2 2,0 Chitosan 0,2
A2,0C0,4 2,0 Chitosan 0,4
A2,0M0,2 2,0 Xanthan gum 0,2
A2,0M0,4 2,0 Xanthan gum 0,4
A2,0X0,2 2,0 Maltodextrin 0,2
A2,0X0,4 2,0 Maltodextrin 0,4

Xac dinh san lweng c6 dinh protease trong phitc hgp polymer
San luong ¢ dinh protease trong phic hop polymer (Y%) duogc tinh bang ty s6 giira khoi
lugng hat enzyme cb dinh trén khéi luong phicc hop polymer-enzyme ban dau dung dé c6
dinh.
Y (%) = (M/M,) x100

Trong d6,  Y:San luong cb dinh enzyme (%),

H: Khéi lwong hat enzyme cé dinh (g)

Ho: Khi luong phiic hgp polymer-enzyme ban dau dung dé ¢ dinh (g)
Xac dinh hiéu suit c6 dinh protease trong phitc hgp polymer

Hiéu suat c6 dinh protease trong phtc hop polymer (ME%) duoc tinh bang ty sé giira hoat
tinh protease bi nhét trong hat enzyme c¢b dinh trén hoat tinh protease ban dau dung dé c6
dinh.
ME = (H/Ho) X100
Trong d6,  ME: Hiéu suét ¢ dinh enzyme (%),
H: Hoat tinh protease bi nhét trong hat enzyme ¢ dinh (U/g)
Ho: Hoat tinh protease ban dau dung dé c¢b dinh (U/g)

Xac dinh kich thwéc hat enzyme ¢ dinh (D, mm) trong phikc hop polymer

Kich thuoc hat enzyme cd dinh trong phirc hop polymer dwoc xac dinh bang cach sir dung
thudc Vernier Caliper (0-150mm) do duong kinh 120 hat enzyme ¢6 dinh va tinh trung binh
cho mdi mau thi nghieém.
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Xac dinh sy that thoat hoat tinh hat enzyme c6 dinh ngim trong nuéc

Sy that thodt hoat tinh hat enzyme cé dinh ngam trong nude duge xac dinh bing cach cho 5 gr
hat enzyme cé dinh va 25 ml nuéc loai ion vao lg thuy tinh c6 nap day, dat lo thay tinh vao
may lic vai tée do 70 vong/phdt trong 120 phat. Cir méi 30 phdt, 5 ml nudc trong lo dugc
Iay ra dé xac dinh hoat tinh enzyme that thoat va mot lugng nudc 5 ml twong tmg dwoc cho
vao lo dé dam bao tong lwong nudc trong lo 1a 25 ml.

Xac dinh hoat tinh hat enzyme ¢6 dinh con lai sau 10 tuan bao quan & 0-4°C

Hoat tinh enzyme ¢ dinh con lai sau thoi gian bao quan duge xac dinh bang cach cho 1 gr hat
enzyme ¢6 dinh duoc vao 25 ml dung dich trisodium citrate 2% (w/v) ddi vai hat enzyme ¢
dinh trong phuc hop alginate/chitosan va dung dich dém phosphate pH 6.8 ddi véi hat enzyme
c6 dinh trong phirc hop alginate/xanthan gum va alginate/maltodextrin dé hoa tan hat enzyme
c¢b dinh, giai phéng enzyme ty do va hoat tinh enzyme dugc xac dinh sau mdi 2 tuan trong
sudt thoi gian bao quan 10 tuan & 0-4°C.

Xac dinh hoat tinh protease

Cho vao 2 éng nghiém, mdi 6ng 5 ml co chét (casein 0,65%), dat vao chau 6n dinh nhiét ¢
37°C. Sau 5 phat cho vao mdi 6ng nghiém 1 ml dung dich enzyme (ciing ¢ nhiét ¢6 37°C,
dung dich enzyme duoc chuan bi c6 hoat tinh tir 0,1 — 0,2units/ml), lic tron déu va d¢é 10 phat
& 37°C. Sau 10 phut cho vao mdi éng nghiém 5 ml dung dich trichloacetic acid 0,11M, lic
tron nhanh dé protein du va cac hgp chat cao phan tur két tua, giit cac ong nghiém & 37°C
thém 30 phut nixa rdi loc Iy dich. LAy 2 ml dich loc va 5 ml dung dich Na,CO3 0,5M cho vao
6ng nghiém, tron déu va thém 1 ml thudc thir Folin. Sau 30 pht phan @ng, dung dich c6 mau
xanh, mang do trén may so mau ¢ budc song 660 nm. Hoat tinh enzyme dugc xac dinh dya
trén dudng chuan tyrosin. Thi nghiém d6i chirng thay dung dich enzyme bang 1 ml nuéc cat.

Pha dung dich gdc tyrosin ¢6 nong d¢ 0,11M. Sau d6 cho dung dich tyrosin géc vao 7 6ng
nghiém theo thé tich tang dan tir: 0,05; 0,10; 0,20; 0,40; 0, 50; va 0,80 ml. Sau d6 cho vao 7
ong nudce lugng nudc cét tuong ung sau cho tong thé tich mai ng nghiém 1a 2 ml va mau doi
chirmg 2 ml nuéc cat. Cho thém vao mdi éng nghiém 5 ml Na,CO3 0,5M va 1 ml thudc thir
Folin va mau déi chirng. Giir hdn hgp phan g trong 30 phat, sau d6 do trén mdy so mau &
buéc séng 660 nm. Xay dung dwdng chuan tyrosin véi truc hoanh la nong do tyrosin
(micromol/ml), truc tung & mat do quang OD.

KET QUA VA THAO LUAN
San lwong, higu suit va kich thuéc hat enzyme cé dinh trong phic hop polymer

Két qua san luong cb dinh, hiéu suat cb dinh va kich thudc hat enzyme cb dinh trong phic
hop polymer dugc trinh bay trong Bang 2.

Két qua cho thdy phan trim san lugng va kich thuéc hat enzyme cb dinh bi anh huong boi tat
ca cac thong so thi nghiém nhu ndng d6 alginate, loai polymer va nong do polymer (p<0,05).
Ngoai ra, hidu suét c6 dinh enzyme khéc biét déang ké khi nong do alginate ting va khac biét
gitra cac loai polymer khac nhau (p<0,05), trong khi nong do polymer khong anh huorng Ién
hiéu suat ¢6 dinh enzyme (p>0,05). Két qua cho thdy san luong, hiéu suat cé dinh va kich
thuéc hat enzyme ¢ dinh caa 12 cong thic la 28,23 - 77,20%; 11,50 - 81,66% va 1,36 —
1,94mm, twong ung. Két qua dugc trinh bay trong Bang 2.

Bang 2 con cho thay san lwong, higu suat va kich thudc hat enzyme ¢6 dinh ting khi nong do
alginate ting tir 1,5% dén 2,0% ¢ tat ca cac loai polymer va néng do polymer. Ngoai ra,
protease cé dinh trong phuc hop alginate/chitosan cho san lugng, hiéu suat va kich thuéc hat
enzyme c¢b dinh I6n nhat tir 78,07% dén 81,66% ; 73,06% dén 77,20% va 1,85 dén 1,94mm,
tuong tng.
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Bang 2 Két qua san hrgng ¢é dinh, hiéu suat ¢é dinh va kich thwéc hat enzyme cé dinh

trong phic hgp polymer

MAu Y (%) + SD ME (%)+SD D (mm) + SD
A1,5C0,2 64.05 + 2.19° 65.63 + 1.70° 1.73 + 0.04%
A1,5C0,4 58.18 + 3.52¢ 62.17 +2.55°  1.74+0.03"
A15M0,2 28.23 +0.73! 11.50 + 0.23" 1.36 + 0.05°
A1,5M0,4 3257+ 1.27' 14.30 + 1.22%" 1.35 + 0.06¢
A1,5X0,2 34.75 + 1.10" 15.51 + 1.86' 1.62 + 0.04
A1,5X0,4 39.07 +0.61 13.10 £ 0.63%"  1.69 + 0.03%
A2,0C0,2 81.66 + 2.42° 77.20 + 3.18° 1.85 + 0.05™
A2,0C0,4 78.07 + 1.66° 73.06 + 2.12° 1.94 +0.03?
A2,0M0,2 37.42 + 1.65%" 13.24 +2.30%"  1.66 + 0.03°f
A2,0M0,4 40.03 +1.67™ 1570 +1.05%  1.68 +0.01%f
A2,0X0,2 41.48 +1.83 17.96 + 1.49°% 1.82 +0.05°
A2,0X0.4 51.22 + 4.23° 20.35 + 2.36° 1.89 + 0.02%

Ghi chua: Céc cha cai trong cing mét cgt khac nhau thi khac biét co y nghia thong ké véi do
tin cay 95%

Sw thit thoat hoat tinh enzyme c¢6 dinh ngdm trong nwéc

Sy tht thoét hoat tinh enzyme ¢ dinh ngadm trong nudc trong thoi gian 120 phut dugc thé
hién trén Hinh 1. Hinh 1 cho thay su that thoat hoat tinh hat enzyme ¢6 dinh ngam trong nudc
dién ra theo 3 giai doan: giai doan dau téc do that thoat ting nhanh sau 30 phuat, sau do toc do
tang chdm dén 60 phut va khong ting & giai doan cudi dén 120 phat, ngoai trir hat enzyme c¢6
dinh trong phac hop alginate/maltodextrin sy that thoat hoat tinh enzyme cb dinh ting dan
sudt 3 giai doan. Giai doan dau toc do that thoét hoat tinh enzyme nhanh c6 thé 1a do mot s6
phan tir enzyme nam tai bé mat ngoai cua hat. Giai doan 2 va 3 téc d6 cham lai va khong ting
nhd vao cau tric mang gel viing chic caa phic hop polymer nén enzyme khong that thoat ra
ngoai (Takka va Gurel 2010).
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Hinh 1 Sw that thoat hoat tinh hat enzyme c¢é dinh ngam trong nwéc trong 120 phit
Khi ting nong do alglnate tir 1,5% dén 2,0% sy that thoét enzyme CO dinh cham lai & tat ca
cac loai polymer va nong do polymer. Bong thai, két qua cho thay rang su that thoét hoat tinh

enzyme 09 dinh trong phtc hop alginate/chitosan I thip nhat 6,65% va cao nhat khi hat
enzyme co6 dinh trong phuac hop alginate/maltodextrin la 17,63% (Hinh 1).
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Hoat tinh hat enzyme c6 dinh con lai sau 10 tuan bao quan & 0-4°C

Hinh 2 cho thiy ring téc do that thoat enzyme cham trong thoi gian ton trir va cao hon & 2
tuan cudi clng cua thoi gian ton trir cho tat ca cac mau. Ngoai ra, két qua cho thay rang khi
ting ndng do alginate va nong do polymer khong lam tang hoat tinh enzyme ¢b dinh con lai
sau 10 tuan bao quan. Tuy nhién, loai polymer cé anh huong dang ke I&n hoat tinh con lai cua
enzyme c6 dinh sau 10 tuan bao quan nhu sau hat enzyme c¢d dinh trong phac hop
alginate/chitosan cd hoat tinh enzyme cb dinh con lai cao nhat 1a 81,42%, trong khi phtic hop
alginate/xanthan gum con lai 1a 66,11% va thap nhat Ia trong phtic hop alginate/maltodextrin
la 39,65% so0 véi ban dau sau 10 tuan bao quan & 0-4°C ¢ tat ca cac nong do alginate va
polymer. Két qua nay ciing twong tu nhu Takka va Giirel 2010 d4 bao céo ring chitosan, mot
polyamine tich dién duong, tao thanh mot mang ban thim xung quanh mot Ioai polymer mang
dién tich m nhu alginate. Mang nay khong | hoa tan trong su hién dién cia Ca ** va do d6 tang
cuong su on dinh cua mang gel va cung cap mot rao can lam giam sy that thoat enzyme ra
khoi hat cé dinh.
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Hinh 2 Phan trim hoat tinh enzyme c6 dinh con lai sau 10 tuin bao quan & 0-4°C

San luong ¢b dinh, hiéu suat cé dinh, kich thudc hat va hoat tinh hat enzyme cb dinh con lai
sau 10 tuan bao quan & 0-4°C tang khi ndng d6 alginate ting, trong khi su that thoat hoat tinh
enzyme ngam trong nuéc giam. Két qua nay phu hop véi nghién ciu cua Khazaeli 2008;
Manjanna 2009; Lotfipour 2012; Sathali 2012. Céc tac gia nay cho rang khi nong do alglnate
tang s& gOp phan lam ting d6 nhot caa dung dich. Vi vay khi nho dung dich qua 6ng tiém va
kim tiém vao dung dich tao gel CaCl,, hat enzyme ¢ dinh hinh thanh s& c6 kich thugc 16n
hon. Ngoai ra, Sheela 2011; Khazaeli 2008 va Chen 2010 ciing chi ra rang khi nong do
alginate tang s€ lam tang s6 lugng phan tur alginate lién két voi ion Ca?* tao thanh céu tric
mang gel day dic hon va lam giam 16 mao quan cua mang gel alginate, gop phan giam sy that
thoat enzyme nén lam ting san lugng, hiéu suat va kich thuéc hat enzyme cé dinh. Ngoai ra,
Samia 2008 va Joshi 2012 ciing chirng minh rang su that thoat hoat tinh hat enzyme c6 dinh
ngam trong nudc thap hon do giam do x6p cia mang gel alginate khi ndng do alginate ting.
Dong thoi enzyme duoc ¢d dinh trong phic hop alginate/chitosan ciing cho két qua san lugng
c¢b dinh, hiéu suat cb dinh, kich thudc hat va hoat tinh hat enzyme c6 dinh con lai sau 10 tuan
bao quin & 0-4°C cao hon enzyme ¢d dinh trong alginate/xanthan gum va
alginate/maltodextrin ¢ ca 2 nong d6 polymer va alglnate trong khi sy that thoat hoat tinh
enzyme ngam trong nudc giam thi glam hon. Két qua nay cling dang véi nghién cau cua
Takka va Giirel 2010. Tac gia cho rang do su hinh thanh phic hop giita nhém carboxyl cua
sodium alginate va cac nhém amin cua chitosan, két qua lam cho mang gel alginate virng chic
hon. Thém véo dé, chitosan sir dung trong nghién ctiu nay cé trong lwong phan tir thap nén dé
dang khuéch tan vao cau tric 16 mao quan caa mang gel alginate va lam giam kich thuéc 16
nén giam lugng enzyme that thoat ra ngodi va tao thanh mang day dic nén nhét duoc nhiéu
enzyme. Vi vay, san lugng, hidu suét va kich thuéc hat enzyme ¢6 dinh cao hon va lam giam
lugng enzyme thét thoét ra ngoai.
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KET LUAN VA PE NGHI

Protease duoc ¢b dinh trong phirc hop alginate/chitosan véi nong do alginate 1a 2,0% va nong
do chitosan 0,2% cho san lwong, hiéu suat hat ¢6 dinh cao nhat, trong khi véi nong do
chitosan 0,4% thi sy that thoat hoat tinh enzyme ¢ dinh ngam trong nudc loai ion 1a thap nhat
va hoat tinh enzyme con lai sau 10 tuan bao quan & 0-4°C 1 cao nhét, tuy san lugng va hiéu
suit thap hon ndéng do chitosan 0,2% nhung van & muc cao. Vi vay, nong do alginate 2% va
ndng d6 chitosan 0,4% dugc tng dung dé ¢ dinh protease trong phic hop alginate/chitosan
dé san xuét ra hat enzyme cé dinh c6 hoat tinh enzyme 6n dinh trong thoi gian bao quan dai
va sy that thoat hoat tinh enzyme c¢6 dinh ngam trong nudc thap nhat va hiéu suit cé dinh
enzyme Vvan cao dé tng dung trong cac qua trinh san xuét lién tuc nhiam giam gi4 thanh san
Xuét tang hiéu qua kinh té.
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