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In this work, aerogel silica particles were synthesized under supercristical
CO condition with high specific surface area of 560 m?/g, pore

diameter of 40nm, low density of 0.912 g/cm?. The earogel is covered
by chitosan and used as an efficient support for immobilization of lipase
enzyme. Loading efficiency for enzyme obtained 87%, catalytic
hydrolysis of immobilized lipase for vegetable oil were the same that of
free enzyme.
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1. Gidi thiéu chung

Enzyme la chat xUc tac sinh hoc cé hoat tinh cao nén
o thé thuc hién cac phan Ung c6 enzyme trong diéu
kién mém hon rat nhiéu so vdi phdn Ung cung loai sur
dung chét xtc tac hda hoc théng thudng. Tuy nhién,
viéc st dung enzyme cho cac qua trinh chuyén hoa
hoc chua dugc phd bién do chi phi cao, kha nang thu
hoi kho. Viéc nghién cu c6 dinh enzyme lén bé mat
ch&t mang rén nham thu hoi, tai st dung xUc tac
enzyme mot cach hiéu qua.

D3 co rat nhiéu nghién clitu c6 dinh cac enzyme khéc
nhau 1én cac chdt mang ran nhu &ng cacbon,
silicagel, hat nano sat tr, MOFs [1-4], cac polyme nhu
polyvinyl sulfone, chitosan [5, 6]. Silica gel la chéat
mang thudng dudgc téng hop ti hda chét tinh khiét
nhu TEOS hodc cac ngudn chia silic nhu thay tinh
léng [7,8], trong do nguyén liéu tro trau dugc su
dung ché tao silica gel khi cé tin bén viing va kinh té
hon ca. Mbi enzyme c6 kha nang xuc tac cho 1 hoac
maot nhdm phan Ung nhat dinh. Vi vy, viéc nghién

clu tim kiém, lua chon emzyme cho ting phan Ung
cu thé ludn la vén dé dugc quan tam nghién cuu.

Phan Ung thly phan dau thuc vat 1a phan Ung quen
thudc dugc thuc hién véi cac chét xic tac truyén
théng nhu KOH, KoCOs... doi hoi digu kién nhiét do
cao va thdi gian phan Ung kéo dai hodc trong diéu
kién hai nudc siéu téi han & &p suét cao dén 40 bar
[9,10]. Chinh vi vay, viéc nghién cliu xUc tac enzyme
cho phan Ung thly phan dau thuc vat gidp thuc hién
phan Ung & nhiét do thdp, &p sudt thuong va rut
ngan thdi gian phan Ung ma van mang lai hiéu suét
cao.

Trong nghién clu nay, enzyme lipase c6 nguén géc
thuc vat dudc lua chon cé dinh 1én hat slica gel khi
dugc ché tao tUr tro trdu nham dat dugc hat chét
mang c6 khéi lugng riéng thdp bang phuong phap
CO; siéu t&i han. XUc tac sau ché tao cé kha ndng lam
viéc trén bé mat phan chia pha dau/nudc nham tang
cudng kha nang tiép xuc va téi da hoat tinh xlc tac,
cai thién hiéu qua phan Ung.
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2. Thyc nghiém va phucng phép nghién ctu
2.1. Nguyén liéu

Vo trdu dugc thu mua tai Hung Yén, chitosan (chiét
tach tU vo tom tai phong thi nghiém), dau lac (Viét
Nam). Cac héa chét cap do tin khiét gom NaCioH25S04
(Merck), HCl, KOH, etanol (Xilong), enzyme lipase
(Novo Nordisk).

2.2. Quy trinh ché tao silica gel khi

50g vo trdu rlfa sach vdi dung dich sodium dodecyl
sulfate (SDS) trong diéu kién co khudy vdéi thai gian 10
phut, dé loai bd céc bui ban va tap chét, ria lai bang
nudc cat cho dén khi sach hét chat hoat déng bé mat.
Vo trdu sau khi rira dugc phai kho réi dua vao tu sdy &
diéu kién 105°C trong 6 giG thu dugc vo trdu chua xU ly
(ki hiéu URH). URH dugc xtr ly vdi axit HCI 0,5M trong
30 phut. Sau do rifa sach bang nuéc cat cho dén hét
axit (pH=7), lam kho & 105°C trong 3 gid thu dugc vo
trdu da xtr Iy (ky hiéu ARH). ARH duoc nung & 600°C
trong 3h véi t6c do gia nhiét 5°C/phut thu dudgc tro
trdu (ki hiéu RHA).

Silica dugc chiét tir tro trdu (RHA) bang phuong phép
kiém trong KOH. Hon hap dugc dé qua dém, loc, ria 2
lan v8i nudc cat ty 16 1:8 (hdn hap : nudc) sau dé didu
chinh pH dat 5-7 dé tao sol silica.

Sol silica dugc thém tir tir HCl 3M déng thai khudy nhe
cho dén khi dat pH=10, sau 30 phut, gel dac hinh
thanh (c6 mau trang xanh) va dugc lam gia & 20°C
trong 24h (gel chuyén sang mau trang duc), thu dugc
hydrogel silica.

Thém etanol vao hydrogel silica vdi ti 1é silica:etanol 1a
1:4, khudy nhe trong 5h sau do dé yén thdy hon hgp
tach 2 pha: gel silica phia trén, nudc phan phia dudi.
Sau khi tach pha hoan toan, loai bd pha nudc, thu
duoc alcogel silica. Gel udt dugc dua vao autoclave
SEPAREX (Phép) lam kho trong diéu kién CO; siéu tdi
han & 100°C, 40 bar. Két thic qua trinh lam khé thu
duagc hat silica gel khi, ki hiéu aeSiO».

23. Quy trinh ché tao hat chitosan/SiO; gel khi
(CTS/aeSiOy)

Hoa tan 3g CTS trong 250ml dung dich axit axetic 1%,
thém 2g SiO, vao dung dich CTS, khudy nhe 30 phut
cho hén hgp phén tan déu, nhé tir tir 5ml dung dich
natri tripolyphosphat (STPP) trong diéu kién khudy
600v/p & nhiét d6 phong trong 1h. Sau qué trinh tam,
hat CTS/SIO; dugc loc qua gidy loc va lam lanh kho
trong diéu kién chan khong thu dugc hat CTS/aeSiO,.
24. Quy trinh ¢ dinh enzyme lipase 1én hat
CTS/aeSio;
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Hoa tan 0,2g enzyme lipase trong 10ml dung dich dém
phosphat sau do cho 10 mg hat CTS/SiO; vao dung
dich enzyme lipase. HOn hop dugc khudy va U trong
12h & 4°C. Sau thdi gian U, loc dé thu hat enzyme &
dinh trén CTS/aeSiO,, ria 2-3 lan vdéi dung dich dém
phosphat dé loai enzyme tu do, ki hiéu E-CTS/aeSiOs.

2.5. Xéac dinh ham lugng enzyme c6 dinh trén hat
CTS/aeSiO;

Pé xac dinh ham lugng enzym lipase mang trén hat
CTS/aeSiO, st dung phuong phap Bradford dua trén
su chuyén mau cua thudc thir Coomassie Brilliant Blue
c6 budc séng hép thu cuc dai & 595nm. Quang phd
hap thu dugc do trén thiét bi JASCO V750. Ham lugng
enzyme dugc xac dinh dua trén dudng chudn dugc
xay dung.

Duong chuén dung dich albumin

y =0.0002x +0.0143
R? =0.9964

Abs

0 100 200 300 400 500 600 700 800
Nong dé pg/ml

Hinh 1. Budng chuén dung dich albumin

Hiéu suét c6 dinh enzyme = (Lugng enzyme c6 dinh
trén hat CTS/aeSiO./Lugng enzyme ban dau)x100%

2.6. Phucng phép déc trung cu trdc hat CTS/aeSiO;
Phuong phdp phé hong ngoai bién doi Fourier (FTIR)
Phuong phép FTIR dugc st dung dé xac dinh cac
nhom chic déc trung trong hat CTS/aeSiO; hép thu
trong viing s6 séng ti 4000 — 400 cm™, thuc hién trén
thiét bi FTIR JASCO V4600.

Phuong phdp BET-BJH

Phuong phap Brunauer Emmett Teller (BET) va Barrett-
Joyner- Halenda (BJH) dugc st dung nham xac dinh
dién tich bé mat riéng, dusng kinh mao quan va phan
bo kich thudc mao quan cua hat silica gel khi. Phuong
phap dugc thuc hién trén thiét bi Micromeritics Tristar
3000 V6.07A.

Phuong phdp SEM

Thiét bi IMS- NKL 2.0kV dé phong dai 200 000 lan
dudc st dung dé xac dinh hinh thai hat CTS/aeSiOs.
Phuaong phdp nhiét vi sai (TGA)

Tinh &n dinh nhiét clia hat aeSiO, dugc xac dinh bang
phuong phap nhiét vi sai (Thermal Gravimetric
Analysis- TGA) si dung hé DTG-60H van hanh trong
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dong khéng khi dudi diéu kién luu lugng dong
50mL/phut, t6c do gia nhiét 10°C/pht.

Phuang phdp xdc dinh khéi lugng riéng caa hat aeSiO,

Khéi lugng riéng cla silica gel khi la khéi lugng cua
mot don vi thé tich vat liéu hoan toan dac, dudc xac
dinh theo cong thic:

_m 3
¥u = . (g/cm?)

Trong do, yv la khéi lugng riéng
M 1a kh&i lugng mau
Vp 13 thé tich khéi cia mau

Thi nghiém xac dinh khéi lugng riéng cua silica gel khi
dudc thuc hién theo tiéu chuan ASTM C188.

2.7. Phan tng thy phén dau lac

Cho 30 g dau lac khudy trong 30 ml nudc cét, diéu
chinh pH=5,5. Thuc hién phan Ung c6 xuc tac enzyme
c6 dinh va enzyme ty do dé déi ching & diéu kién
nhiét 30°C, khudy 200 vong/phut, trong thdi gian 30
phut. Hon hop sau phan Ung dugc tinh ché bang n-
hexan, sau do loai bo dung méi thu dugc axit béo (ki
hiéu FA). Hiéu suét tach axit béo tir dau thuc vat dugc
tinh nhu sau:

[92 x (TAN, —TAN,g) x m'] [18 x (TAN, — TAN,g) x m'] +m’ — (m x TAN,q X TAN,)
(56 x 3) - (56 x 3) 56

m X TANy; x TAN,
56

Trong d&: TANwg, TANs lan luot la tri s6 axit ban dau
clia dau thuc vat va tri sé axit cla axit béo thu dugc.
m, m' la khéi lugng déau thuc vat ban dau va khéi
luong axit béo thu dugc.

3. Két qua va thao luan

3.1. M6t s6 dac trung cla hat aeSiO»
Két qua do ddng nhiét hdp phu- gidi hdp phu N

Két qua trén dudng dang nhiét hap phu- gidi hdp phu
N> cla hat aeSiO, c6 dang IV, dac trung cho cdu tric
mao quan trung binh. Dién tich bé mat riéng tinh theo
BET dat 560m?/g. Phan bd kich thudc hat tap trung
trong khoang 40nm.

Két qua trén d& cho thdy hat aeSiO, ché tao bang
phuang phép CO; siéu tdi han cho dd x6p, nhe phu
hop v&i Két qud xac dinh khéi lugng riéng cuia hat theo
tiéu chudn ASTM C188 dat 0,912 g/cm?. Biéu nay thuan
lgi cho viéc st dung hat aeSiO; lam chét mang c6 dinh
enzyme lipase st dung lam xtc tac thiy phan dau thuc
vat. Chat xuic tac nhe c6 thé hoat dong trén bé mat
phan chia pha dau/nudc, thuan Igi cho enzyme lipase

xUc tién phan Ung thdy phan xay ra tét hon.

1404 - AESOIPDON
M1:4-5N - Dasorption

160 i assrpean wvmw pare veume
140
120
100 Foom
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Hinh 2. Budng dang nhiét hdp phu- gidi hdp phu N>
cla hat aeSiO; va phan bé kich thudc hat (hinh chen)

Phan tich nhiét vi sai (TGA/TG)

s -0.254mg 440.55C
04 6.317%

- . -0.116mg i
by 2.885% 470.29C

on "\ -0.142mg

08 0.128mg | -3.531%
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186.53C 1.641% 110

oTA L0

18 5 DrTGA

[Temp Program
Temp RateHold TempHold Time Gas
[Cimin] [C 1 [min]

1000 300 10
1000 900 0

Hinh 3. Gian d6 TGA-TG cla hat aeSiO;

Trén gidn d6 TGA (hinh 3) cho thdy mét s6 thay déi
khéi lugng theo nhiét dé trong diéu kién xac dinh nhu
sau: Trén dudng TG xudt hién cac hiéu Ung thu nhiét
nhe trong khodng 100°C tuong Ung vai sy mat khoi
lugng 6% la do xdy ra su mat nudc hap phu trén bé
mat va trong mao quan cla hat silica gel khi. Trong
khodng nhiét do tir 200°C dén 440°C cho thdy cé su
mat khéi lugng réat nhd (2,8%) Hiéu Ung nay la qué
trinh gidi phéng nudc hdp phu trong mao quan cula
hat gel khi. Hiéu Ung thu nhiét khd manh & 440°C
trudc khi tda nhiét tai nhiét dé 470°C gay nén su pha
v8 cau truc thi cap Ung vdi su mat khéi ludng khodng
3,5%.

Nhu véy, qua két qua danh gia bang phuong phép
TGA cho thay hat nano silica gel khi ché tao trong diéu
kién CO; siéu t&i han cd do bén nhiét trén 800°C. Kha
nang bén nhiét cla hat silica gel khi t6ng hop trong
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diéu kién CO; siéu tdi han c6 dugc nhd cau tric dong  tric Si-O-Si mét cach trat tu.

déu clia tuong thanh hat va su sdp xép cac don vi cau

Bang 2. M&t s6 thong sé hat aeSiO;

Thong s6 Dién tich bé mat Kich thudc mao D6 bén nhiét (°C) Khaéi lugng riéng
riéng (theo BET), quan (nm) (g/cm?)
m‘/g
Gia tri 560 40 >800 0,912
3.2. Két qua ché tao hat CTS/aeSiO;
1000 -2
900 ‘ 5 % (b)
800 3 3
Keo)
700 ¥-q
OO0
o 600 %0 S o
c 4 [
= 50 533
&) 19 a OO
x| 2 N SN
30040 2 || o 3%
s | X X %‘
24 |0 & 53
10/ ¢
M B 04— M\ T «|M\ T T T W\M \
lSedle 1121 e Gursor. 15892 keV (cls) 0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 800 9.00 10.00
keV
Element (keV) Mass% Error% Atom%
Element | Weight%  Atomic% C K 0.277 11.97  0.39 18.15
OK 54.36 68.20 0 K 0.525 50.75 0.31 57.78
Si K 4159 2972 Si K 1.739 36.96 0.15 23.97
S K 2.307 0.06 0.17 0.04
KK 4.05 2.08
cl K 2.621 0.05 0.18 0.03
Totals 100.00 cd L 3.132 0.21 0.52 0.03
Total 100.00 100.00

Hinh 4. Phé EDX cla hat aeSiO> (a) va CTS/aeSiO; (b)

Nham xéac dinh sy c6 mat cta chitosan boc trén bé
mat hat aeSiO,, phuang phap phé tan sdc nang lugng
tia X (EDX) va phé FTIR dugc st dung.

Bang phuong phap phd tan séc nang lugng tia X (hinh
4a) cho thdy hat aeSiO, dugc ché tao tu tro trdu co
thanh phan chinh chua Silic trong lién két Si-O-Si va Si-
OH. Két qué trén hinh 4b lai cho thdy sy xuét hién
thém nguyén t6 cacbon trong chitosan trén hat
CTS/aeSiO,. bidu nay da xac nhan chitosan da dugc
mang trén hat aeSiO,.
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Ph& FTIR clia hat silica gel khi aeSiO, va CTS/aeSiO:
déu xuét hién dao déng bién dang & s6 séng 2980 cm”
" cla lién két Si-CHs, dao dong déi xing va bat déi
xUng cla lién két Si-O-Si tuong Ung & 1095 cm™' va 795
cm™ — 800 cm™. Tuy nhién, trén phd FTIR cla hat
CTS/aeSiOs thay xuét hién rd nét dao déng & 3438 cm”
' clia nhdm amin bac 2 trong chitosan va nhém amit &
1641 cm™ do hinh thanh lién két gitta chitosan va Si-OH
trén bé mat hat aeSiO,. K&t qua nay mot lan nita xac
nhan su c6 mat cla chitosan trén hat aeSiO,.
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Hinh 5. Ph& FTIR cla aeSiO» va CTS/aeSiOs

LB, U

B0 3
)
23 ey, WP

Hinh 6. Anh SEM cuia hat aeSiO; (trai) va CTS/aeSiOs (phai)

Hinh thai hat aeSiO; trén anh SEM (hinh 6 tréi) c¢6 céu
trdc hinh céu vdi kich thudc dong déu khoang 0,1 pum.
Anh SEM cuia hat CTS/aeSiOz ( hinh 6 phai) lai cho thay
c6 l&p phl chitosan bao bén ngoai bé mat cla hat
aeSiO, lam cho hinh thai hat khéng con tron déu ré
nét, kich thudc hat I1én han do I6p chitosan bao pht
bén ngoai bé méat hat aeSiO,, dat 0,15 um.

3.3. Két qua 6 dinh enzyme lipase Ién hat CTS/aeSiOz

Ham lugng enzyme ¢6 dinh trén hat CTS/SiO, dugc
xac dinh theo phuong phap da trinh bay trong muc
2.4. Khdo sat yéu t6 thai gian U (4h, 6h, 12h, 18h, 24h)
va ham lugng enzyme ban dau (3mg, 5mg, 7mg) anh
hudng dén hiéu sudt ¢ dinh enzyme trén 3 mau
tuong Ung 3E-CTS/aeSiO;  5E-CTS/aeSiO,  7E-
CTS/aeSiOs.

Do thi hinh 7 biéu dién anh hudng clia thdi gian U va
ham lugng enzyme ban dau dén hiéu sudt c6 dinh
enzyme. K&t qua chi ra rang & tét ca cac ham lugong,
khi tdng thai gian U hiéu sudt c6 dinh enzyme téng
dén gia tri nhat dinh. Biéu nay cho thdy kha nang lién
két cla cac phan ti enzyme 1én bé mat hat
CTS/aeSiO, dat dén trang thai bdo hoa bao phu. Tuy
nhién khi tang ham lugng enzyme ban dau téc dé c6
dinh enzyme tang nhanh & thai gian G ban déau (4 gio
dau) sau do dat bdo hoa. Ngugc lai, khi ham lugng
enzyme thap, téc dd c6 dinh enzyme cham va hiéu
sudt cé dinh thdp do mat dé enzyme thap, thai gian

chua du dé enzyme lién két 1én bé mat hat chat mang.
Nhu vay, vai thai gian G 12h, ham lugng enzyme ban
dau 5mg, hiéu suét ¢ dinh enzyme dat dén 87%.

100

90

80

N

50

Hiéu suat ¢ dinh enzyme (%)
>

40

30

T T T T T
8 10 12 14 16 18 20 22 24 26
Thoi gian U (h)

20

T T

T
0 2 4 6

Hinh 7. Hiéu suét c6 dinh enzyme déi

3.4. Banh gia kha nang xuc tac clia 5E-CTS/aeSiO;

Thuc hién phan Ung thay phan dau lac theo quy trinh
trong muc 2.7. Phan Ung dugc thuc hién vai 0,1 g 5E-
CTS/aeSiO; va 0,1 g enzyme tu do. Két qua thuc hién
phén Ung cho trong bang 3.
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Bang 3. Mt s6 tinh chét dac trung cua axit béo

Tén mau Khéi DO nhét Mau Tri s Hiéu
lugng o 00C sac axit suat
ieng | 40 00 mi/g) | )
(g/ml)

Dau lac 921 36.84 8.6 Vang 157 -

sam

FA-E 902 18 45 Vang 48.24 89,0
nhat

FA-E- 902 18 45 Vang 48.57 88,6
CTS/aeSiOx nhat

TU két qua trén cho théy axit béo thu dugc tir phan
Ung thly phan dau lac s& dung xdc tac enzyme ty do
(FA-E) va enzyme c6 dinh (FA-5E-CTS/aeSiO;) déu cho
hiéu suét cao va cé tinh chét dac trung tuong dong.
Pay la két quéd budc dau danh gia kha nang xdc tac
cho phan ¢ng thiy phan dau lac cla enzyme ¢6 dinh
trén hat aeSiO, cho hiéu sudt tuong ducng khi su
dung enzyme tu do. Téc dé khudy khi st dung enzyme
c6 dinh 1a 200v/p thap hon so vai phan Ung st dung
enzyme tu do (600 v/p).

Két ludn

Hat silica gel khi dugc ché tao t tro trdu bang phuong
phap CO; siéu t6i han c6 dién tich bé mat riéng 560
m?/g, kich thudc hat dong déu khodng 0,1 um, khéi
lugng riéng 0,912 g/cm? thich hgp lam chat mang.

Hat silica gel khi boc chitosan da gitip cho kha nang cé
dinh enzyme lipase 1én bé mat hat dat dén 87%.

Enzyme lipase dugc c& dinh trén hat silica gel khi boc
chitosan cé hoat tinh cao déi véi phan ting thly phan
dau lac, cho hiéu suét phan (ng dat 88,6%. Viéc c6
dinh enzyme lén hat chdt mang ran gidp dé dang thu
hoi xUc tac sau phan Ung. Mat khac, hat silica gel khi
vdi khéi lugng riéng thdp mang enzyme c6 kha nang
phan tan déu trong méi trudng phan Ung, tang kha
nang ti€p xUc cla tdm xUc tac trén bé mat phan chia
pha dau/nudc, gilp gidm nang lugng khudy.

Phadn Ung thiy phan dau lac s& dung xdc tac enzyme
c6 dinh gitp gidm diéu kién phan Ung (6 30°C, ap suat
thuding, thdi gian phan ting 30 phut).
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Phuong phadp <6 dinh enzyme lipase trén hat
CTS/aeSiO, md ra hudng nghién cltu sit dung hiéu qua
chat xtc tac sinh hoc enzyme cho cac phan Ung
chuyén hoa héa hoc.

L&i cdm on

Nhom nghién clu chan thanh cdm on su gitp d& va
tao diéu kién cla Phong thi nghiém Loc- Hoa dau,
trusng Dai hoc Mo- Bia chat va Trung tam phan tich
trusing Cao dang Thyc pham.
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