KHOA HOC CONG NGHE

TOI UU HOA QUA TRINH THUY PHAN SUN CA HOI
(Salmon Salar) BANG TO HOP ENZYME ALCALASE -
PAPAIN THEO PHUONG PHAP MAT DAP UNG

TOM TAT

binh Hiru Pong?, *

Bai bao nay trinh bay két qua nghién cttu téi wu héa qua trinh thdy phan sun ca hoi (Salmon salar

(Linnaeus, 1758)) bang hén hop enzyme alcalase - papain. Két qua nghién ctru da xac dinh duoc

khoang thong s6 bién thich hop cho qua trinh thily phan sun ca hdi bang hén hop enzyme

alcalase - papain: Khoang néng do enzyme thich hop 1a 0,3 - 0,6%, khoang nhiét do thich hop la 45

- 65°C va khoang thoi gian thich hop 1a 3 - 6 gi¢. Két qua t6i uu hoa da xac dinh dwoc cac thong s6

t6i uu cho qua trinh thity phan sun ca héi bang hén hop enzyme alcalase - papain: Nong do

enzyme la 0,4%, nhiét do thty phan 1a 55°C va thoi gian thiy phan 1a 4 gio. Két qua thay phan sun

ca hoéi voi cac thong so & trén thu duoc dich thiy phan véi hiéu suét thu chondroitin sulfate dat

98,52%.

Tt khéa: 707 wu hoa, hén hop enzyme alcalase - papain, hiéu suat thu chondroitin sulfate, dich

thuy phén sun c4 hoi.

1. DAT VAN BE

Sun c4 héi (Salmon salar) duoc cho 1a ngudn
nguyén liéu ty nhién cé chita chondroitin sulfate
(CS) v6i ham luong cao nhat [1]. CS 1a thanh phan
co ban cdu tao nén sun khép va cac té chuc soi
chun giup cho su van dong linh hoat, tinh dan héi
trong hoat dong khop [2]. Ngoai ra, CS con la
nguyén liéu dé co thé san xuat chit nhay ctia dich
khép va giup chong thoai héa mo sun va dam bao
cho su van dong cta 6 khop [3, 4, 5]. Chinh vi thé,
CS duoc coi 1a thuc phdm chic ning dé ho tro
diéu tri cac bénh ly vé xuong khép. Do do, da tién
hanh nghién ctu thily phan sun c4 hdi bang
phuong phap st dung enzyme protease va thu
dich thay phan chita CS, cac chat tu nhién tir sun

ca hoi dé dinh huong dung lam thuc phidm chitc
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nang. Bai bao nay trinh bay két qua nghién cttu toi
uu héa qua trinh thtty phan sun ca héi bang té hop
enzyme alcalase - papain.

2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén vat liéu

211 Sun cd hoi

Ca héi (Salmon salar) thuong dugc cac cong
ty thay san (Cong ty TNHH Cholimex, Sai Gon
Food, Khu céng nghiép Vinh Loc, huyén Binh
Chanh, thanh phé H6 Chi Minh) nhap khiu, ché
bién d@é thu thit c4, phan dau ca duoc mua lai. Dau
ca tuoi c6 khoi luong trung binh 0,3 - 0,5 kg/dau.
Sau thu mua, van chuyén vé phong thi nghiém,
tién hanh xtx ly loai bo thit, mo lién két, lam sach,
thu sun, xay nhd, cap dong va bao quan dong ¢ -

20°C dé dung trong su6t qua trinh nghién ctru.
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Hinh 1. Hinh anh syn ca héi trudc va sau khi xtt ly

(gdc sulfate gan & vi tri C-4 (chondroitin-4-sulfate),
CS4) v6i DMMB dé xac dinh ham luong CS.
Phuong phap nay c6 do nhay cao, c6 thé dinh tinh
va dinh luyong ham luong CS & muc ug.

2.1.2. Enzyme alcalase

Enzyme alcalase 2.4L la ché phdm protease
thuong mai do hing Novozyme - Pan Mach cung
cap. Alcalase thuoc nhom enzyme serine
endopeptidase cé cac dic tinh ky thuat nhu sau:
pH thich hop trong khoang 6 - 8, nhiét do thich
hop 30 - 65°C, hoat tinh 2,4 AU/g duoc bao quan &
0-5°C.

2.1.3. Enzyme papain

Papain thwong mai c¢6 hoat tinh 22,0
mAnsonU/mg (co chiat hemoglobine, pH 6, nhiét
do 35,5°C) do Merck - Dtic san xuat. Papain 1a mot
enzyme chiu duoc nhiét do twong doi cao. O dang
nhua kho, papain khong bi bién tinh trong 3 gio &
100°C, con & dang dung dich, papain bi mat hoat
tinh sau 30 phut & nhiét d6 82,5°C. Papain c6 pH
thich hop 4,5 - 8,5, dé bi bién tinh & pH < 4,5 va &
pH >12.

2.2. Phuong phap nghién ctu

2.2.1. Cac phuong phap phan tich

* Xac dinh luong ham lugng nito téng s6: Ham
luong nito tong s6 (N,) duoc dinh luong theo
phuong phap Kjeldahl [6].

* Phuong phap dinh lwong CS: Binh lugng CS
bang phuong phap so mau theo Farndale [7].

Nguyen ly: Dua trén su thay ddi trong quang
phé hap thu caia DMMB (1,9 Dimethylmethylene)
khi tac dung véi CS(glycosaminoglycan sulfate) &
budc séng 525 nm. Dua vao dudng chudn cia CSA

* Ham luong protein thé: Ham luong protein
tho (P) duoc xac dinh theo cong thic:
P=N,x6,25 [6, 8,9, 10, 11, 12].

* Hiéu suat thu chondroitin: Hiéu suat thu CS
la ty s6 tinh theo phan tram gitta ham luong CS cé
trong dich thdy phan so v6i ham luwong CS co
trong nguyén liéu sun ca héi. Hieu suat thu CS
duoc tinh nhu sau:

H _G 100%
c—?'- /0

Trong d6: H, 1a hieu suat thu CS(%); C 1a ham
luong CS c6 trong nguyén liéu sun ca hoéi; C, 1a
ham lugng CS c6 trong dich thiy phén [12].

2.2.2. Xay dung mé hinh thuc nghiém

Tién hanh t6i vu héa qua trinh thay phan theo
phuong phap bé mit dap tmg Box-Behnken voi
muc tiéu hiéu suat thu CS cao nhat [2, 9, 10, 13, 14,
15, 16]. Cac yéu t6 duoc lua chon cho qua trinh toi
uwu hoa la: nong do enzyme (X)), nhiet do thay
phan (X,) va thoi gian thiy phan (X;) sao cho ham
muc tiéu (Y) 1a hiéu suit thu CS cao nhat. Dé xac
dinh duoc thong s6 t6i wu cho qua trinh thdy phan
thu dich thay phan chita CS, da tién hanh bé tri thi
nghiém theo so d6 & hinh 2. Tir so d6 nay, tién
hanh xac dinh khoang bién thién ctia ty 1¢ enzyme,
nhiét o va thoi gian thiy phan trong qua trinh
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thity phan sun c4 héi bang t6 hop enzyme alcalase
- papain theo ty 1é 60 - 40. Sau khi chon duoc
khoang bién thién cda ty 1é enzyme, nhiét do va
thoi gian thay phan, da tién hanh t6i uvu héa qua

trinh thtty phan sun c4 héi nham tao thanh dich
thiy phan c6 ham luong CS va hiéu suit thu
chondroitin cao.

Sun ca hoi

Xac dinh khoang bién thién ctia cac thong s6 trong qua trinh thay phan

Téi uu héa qua trinh thiy phan theo phuong phap quy hoach thuc nghiém

Chon thong sé t6i uu

Thy phan

Dich thay phan

Hinh 2. So d6 b4 tri thi nghiém tdng quat

Dé xac dinh duoc thong so toi uu, da st dung
phuong phap quy hoach bac hai tim xoay cho 3
yéu t6 va moéi yéu to tién hanh tai 5 muc. Quy
hoach thuc nghiém gom 15 thi nghiém. Tinh toan
hé s6 héi quy véi ham muc tieu 1a hiéu suat thu CS
cao nhat voi cac bién lan luot 1a: X; = Nong do

enzyme (%), X, = Nhiét do thuy phan (°C) va X, =
Thoi gian thay phan (gio). Thi nghiém st dung
RSM trong phan mém JMP10 dé bo tri va toi uwu
héa cac nhan t6 thi nghiém. Mdi nhan t6 duoc
khao sat véi 5 muac do (-a, -1, 0, +1, + o). Két qua
thiét ké thi nghiém trinh bay & bang 1.

Bang 1. M4 héa bién va cac miec d6 khao sat

Céacyéu to Mtic tién hanh
-a -1 0 1 +a
X, = Nong do enzyme (%) 0,2 0,3 0,4 0,5 0,6
X, = Nhiét do thiiy phan (°C) 45 50 55 60 65
X, = Thoi gian thiy phan (gio) 2 3 4 5 6

Ghi chu: a = 2, gid tri cdn trén (+1) va can dudi (1) cua bién doc lap, (Bién do min + Bién 3o max)/2

14 gid tri trung binh cta can trén va can duoi.
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Phan tich s6 liéu: Thi nghiém duoc thuc hién
theo thiét ké nhur & bang 1. Phép phan tich phuong
sai duoc st dung dé phan tich anh huéng ctia cac
yéu t6 trong thi nghiém t6i ham muc tiéu. Sau do,
tién hanh loai bd nhiing yéu t6 anh hudéng khong
dang ké toi ham muc tiéu véi do khac biét nho
nhat (LSD) & muc y nghia 95%. M6 hinh toan hoc
mo ta anh hudng ctia cac bién doc 1ap doi voi bién
phu thudc c6 dang ham da thic bac hai & dang
tong quat nhu sau:

3 3 3

Yi=Bo+ 2 BiX;+ 2. BiXiX; + 2 BiX?
=1 i =1 =1

Trong d6: Y, 1a bién phu thuoc (k =1-3); X |
1a nhan t6 ma hoéa ctia bién doc 1ap anh hudéng dén
Y,; B, 1a hé s6 hoi quy bac 0; B; 1a hée s6 hoi quy
bac 1 mo ta anh huong cta bién Xj dén Y,; B; 1a hé
s0 anh huong dong thoi cta bién X, va X; dén Y,; B;
1a hé s6 hoi quy bac hai mo ta anh hudng ctia bién
X?dénY,.

Dbanh gia mo hinh:

Mo hinh va phuong trinh héi quy duoc kiém
tra mic do phu hop véi thuc nghiém bing kiém
dinh Fisher (v6i gia tri Pvalue < a = 0,05) va su
thiéu phu hop (Lack of fit). Néu gia tri Pvalue nho
hon gia tri o va cang nhé thi mé hinh cang phu
hop (gia tri a thuong 1dy 0,05 - tic 1a 5%). Hé so
Lack of fit phai 16n hon gia tri a (I6n hon 0,05) thi
mo hinh d6 méi phu hop, gia tri Lack of fit cang
16m thi mic d6 phu hop ctia mo hinh cang chinh
xac. Ngoai ra con c6 mot so cac thong s6 danh gia
khac nhu heé
coefficient) giita cac két qua du doan cia mo hinh

s6 twong quan (Correlation

(Y)) véi cac két qua thuc nghiém (Y), hé so xac
dinh (Coefficient of Determination) va do léech
chuidn twong doi CV% (Coefficient of Variation).
Cuoi cung, thuc hién viéc phan tich tai diém t6i vu
voi cac diéu kién nong do enzyme, nhiét do thay
phan, thoi gian thity phan trong mau tim thay va so
sanh véi két qua du doan dé kiém tra su chinh xac
cta mo hinh du doan.

2.3. Thiét bi va hda chat
2.3.1 Thiét bi

Str dung cac thiét bi hién c6 tai Trung tAm Thi
nghiém Thuc hanh - Truong DPai hoc Cong
Thuong thanh phé H6 Chi Minh: May so mau UV-
VIS DR6000 - Hach (My), bé 6n nhiét Memmert
WNB14 - Dtic, may ly tam lanh toc @6 cao Hermle
Z36HK - Dtc, bé 6n nhiet Memmert WNB22
(Ptc), nodi thuy phan dung tich 30 lit (Viet
Nam),...

2.3.2 Héa chat

Céc hoa chat st dung trong thi nghiém déu 1a
hoa chat tinh khiét do Merck - Ptic cung cap.

2.4. Phuong phéap xtt Iy s6 liéu

Mboi thi nghiém déu tién hanh lip lai 3 1an doc
lap va so liéu 1a két qua trung binh cta céc 1an thi
nghiém. Kiém tra su khac biét giita cac so lieu
thong ke bang phan mém Box-Behnken 20 trén
JMP 10.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huéng cia ndng do enzyme, nhiét do
va thoi gian dén qua trinh thiy phan sun c4 héi

3.1.1 Anh huong cia nong do enzyme alcalase
-papain dén hiéu suat thu dich dam

Tién hanh thi nghiém khao sat khoang bién
thién cta nong do enzyme thdy phan dén hiéu
sudt thu chondroitin sulfate, ham luong CS va ham
lwong nito téng s6 (Bang 2).

Két qua bang 2 cho thay, nong do enzyme
alcalase - papain c6 anh huong ro rét dén hieu suat
thu CS va khi ting ndéng do6 hén hop enzyme
alcalase - papain trong khoang 0,1 - 0,5%, thi hiéu
sudt thu CSciing tang theo chiéu ting ctia nong do
enzyme va dat cuc dai 98,52 + 0,04% khi néng do
enzyme alcalase - papain 1a 0,4%. Khi ting néng do
enzyme alcalase - papain >0,4% thi hiéu suat thu CS
tang khong dang ké. Trong khi d6, ham luong nito
téng va ham luong CS ciing c6 xu thé ting theo
chiéu ting ctia néong do enzyme alcalase - papain
trong khoang 0,1 - 0,4% va khi ting ndéng do
enzyme alcalase -papain >0,4% thi mitc d6 ting cta
ham luong nito tong va ham luong CS c6 xu thé
cham dan.

Tt cac phan tich & trén cho thdy, nong do t6
hop enzyme alcalase - papain thich hop dé hiéu
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suat thu CS, ham lugng CS, ham luong nito tong
s6 cao la 0,4% va khoang nong do enzyme alcalase

- papain thich hop cho qua trinh thay phan 1a 0,3% -
0,6%.

Bang 2. Anh hudng ciia ndng do enzyme alcalase - papain dén hiéu sudt thu
CS cao nhit, ham lieong CS va nito téng so

Néng do enzyme Ham luong nito Ham luong CS Hiéu suat thu nhan
alcalase - papain (%) tong (g/lit) (mg/ml) CS(%)
0,1 5,82°+0,11 22,12+ 0,12 98,15+ 0,05
0,2 5,97°+0,14 22,31°+0,13 98,30° + 0,03
0,3 6,08+ 0,17 22,40°+ 0,15 98,47° + 0,01
0,4 6,11+ 0,15 22,79+ 0,18 98,52 + 0,04
0,5 6,12 +0,12 22,82°+0,17 98,53" + 0,03
0,6 6,12 £ 0,08 22,82°+0,11 98,53" + 0,02

3.1.2 Anh huong cua nhiét do thiy phan

Két qua nghién cttu anh hudng ctia nhiét do
thity phan dén hiéu suét thu CS, ham luong CS va
ham luong nito téng s6 duoc trinh bay & bang 3.

Béng 3. Anh hudng ciia nhiét do dén hieu sudt thu CS, ham lugng CS va nito téng 6

Nhiét do thiy Ham luong nito Ham luong CS Hiéu suat thu CS
phan (°C) téng (g/1it) (mg/ml) %
35 3,04°+ 0,13 22,04°+ 0,11 87,84° + 0,06
40 539"+ 0,11 22,14°+ 0,17 98,17+ 0,07
45 5,94°+ 0,13 22,26°+0,15 98,30 + 0,05
50 6,03+ 0,14 22,30°+0,12 98,47°+ 0,01
55 6,11°+0,19 22,79*+ 0,14 98,52+ 0,02
60 6,12°+0,15 22,80+ 0,08 98,58+ 0,03
65 6,13°+0,17 22,80°+ 0,13 98,58" + 0,04

Két qua phan tich & bang 3 cho thdy, nhiét do
thily phan ciing anh huéng dén hiéu suat thu CS
va ham luong CS cta dich thay phan. Khi ting
nhiét d6 thay phan trong khoang 35 - 65°C, thi
hiéu suat thu CS, ham luong CS va ham luong nito
tong so caa dich thiy phan ting theo chiéu ting
nhiét do thiy phan va dat mtc cao nhat khi nhiét
do thay phan 1a 55°C. Cu thé, khi nhiét do thay
phan 1a 55°C, hiéu suat thu CS, ham luong CS va
ham luong nito téng s6 dat muic gan nhat, tuong
{mg 12 98,52 + 0,02%; 22,79 + 0,14 mg/ml va 6,11 +
0,19 g/1. Néu tiép tuc ting nhieét do thday phan
>55°C thi hiéu sudt thu CS, ham lwong CS va ham
lwong nito téng s6 c6 xu hudng ting khong dang
ké hoac khong ting va su chénh léch vé hiéu suat

thu CS, ham lueong CS, ham luong nito téng so khi
thay phan gitta nhiét do 55, 60 va 65°C khéng c6 y
nghia thong ke.

T cac phan tich & trén cho thdy, nhiét do
thich hop cho qua trinh thdy phan sun c4 héi bang
hon hop enzyme alcalase - papain dé c6 hiéu suat
thu CS, ham lwong CS va ham lwong nito téng s
trong dich thiy phan cao 1a 55°C va khoang nhiét
do thich hop cho qua trinh thity phan sun ca hoi la
45 - 65°C.

3.1.3 Anh huong cua thoi gian thiy phan

Két qua nghién cttu anh hudng ctia thoi gian
thily phan dén hiéu suat thu CS, ham luong CS va
ham luong nito téng s cé trong dich thay phan
dugc trinh bay & bang 4.
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Bang 4. Anh huéng ciia thoi gian thity phan dén hiéu sudt thu CS,

ham luong CS va nito téng s
Thoi gian thiy Ham luong nito téng Ham luong CS Hieu suat thu CS
phan (gio) s6 (mg/lit) (mg/ml) %)
1 5,78°+0,16 22.23%+0,14 98,15+ 0,03
2 591°+0,15 22,41°+0.11 98,36" + 0,05
3 6,02° + 0,14 22,44°+0,13 98,48+ 0,04
4 6,11°+0,12 22,79+ 0,16 98,52°+ 0,01
5 6,14*+0,19 22,81°+0,18 98,53° + 0,07
6 6,15+ 0,21 22,81°+0,19 98,54° + 0,06
7 6,15+ 0,22 22,51°+0,12 98,54° + 0,04

Két qua & bang 4 cho thdy, thoi gian thay phan
cling c6 anh huéng dén hiéu suit thu CS, ham
lwong CS va ham luwong nito tdng s6 cta dich thay
phan. Khi thoi gian thiy phan tang trong khoang 1
- 7 gio thi hiéu suat thu CS, ham luong CS va ham
lwong nito tdng s6 cta dich thiy phan tang theo
chiéu ting thoi gian thiy phan va dat gia tri cao
nhat khi thoi gian thiy phéan 1a 4 gio. Do khi ting
thoi gian thay phan lén > 4 gid thi hiéu suat thu
CS, ham luong CS va ham luwong nito tdng s6 cta
dich thiy phéan c6 xu thé ting khong dang ké va
két qua phan tich thong ke cho thay su khac biét
vé hiéu suit thu CS, ham luong CS va ham luong

nito téng s6 cta dich thay phan khi thoi gian thay
phanla 4, 5, 6 va 7 gio khong co y nghia thong ke.

T cac phan tich ¢ trén cho thdy, thoi gian
thich hop cho qua trinh thdy phan sun c4 héi bang
hon hop enzyme alcalase - papain dé cé hiéu suat
thu CS, ham lwong CS va ham lwong nito téng s
trong dich thily phan cao la 4 gi¢ va khoang thoi
gian thich hop cho qua trinh thily phan sun ca hoi
la 3 -6 gio.

3.2. T8i tru héa qua trinh thiy phan tao dich
dam

Két qua t6i vu hoa qua trinh thay phan voi
muc tiéu hiéu suat thu CS cao dugc trinh bay &
bang 5.

Bang 5. Bé tri thi nghiém va két qua quy hoach tric tam quay (RCCD) véi ham muyc tiéu Y
(hiéu suat thu CS) theo ndng dé enzyme, nhiét d6 va thoi gian thity phan

STT Ma tran Bién ma hoa Hiéu suat:

thinghiém | Nong do:X; %) | Nhiet do: X, (°C) | Thoi gian: X; (gio) Y %)
1 000 0,4 55 4 98,13
2 0+— 0,4 60 3 47,71
3 +0- 0,5 55 3 82,62
4 +-0 0,5 50 4 42,24
5 ++0 0,5 60 4 85,51
6 +0+ 0,5 55 5 98,66
7 --=0 0,3 50 4 45,51
8 000 0,4 55 4 98,65
9 0-+ 0,4 50 5 42,34
10 0-—- 0,4 50 3 28,91
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11 0++ 0,4 60 5 89,85
12 000 0,4 55 4 98,78
13 -0+ 0,3 55 5 86,79
14 -0- 0,3 55 3 42,11
15 -+0 0,3 60 4 34,32
Bang 6. Két qua phan tich phuong sai (ANOVA) dén ham muc tiéu
Source DF SS MS F-value P-value R2
Model 9 10504,872 1167,21 38,2691 36,5986 1,0000
Error 152,500 30,50 0,0522
C, total 14 10657,372
Lack of fit 3 152,26338 50,7545 53,2611 429,0318
Pure error 2 0,23660 0,1183
Total error 5 152,49998 0,0522

DF: degrees of freedom, SS: sum of square, MS: mean square.

Két qua toi wu hoa cho thay, hé s6 twong quan
R (coefficient of correlation) gitta két qua thuc
nghiém va két qua ctia mo hinh du doan vé nong
d0 enzyme, nhiét do va thoi gian thay phan thé
hién qua gia tri ctia hé s6 twong quan R (Bang 6).
He so6 tuong quan R cao cho thdy c6 su tuong dong
gitta két qua du doan va két qua thuc nghiém. Cu
thé, voi R = 1,0 (cao nhat hay toi da) c6 nghia 1a
100% tirc 1a hiéu suat thu CS hoan toan chiu anh
hudéng ctia nong do enzyme (X;), nhiét do (X,),

thoi gian thay phan (X;) va khong co hay co 0% su
thay d6i 1a do cac yéu t6 khong xac dinh duoc
nguyén nhan gay ra (sai s6 ngau nhién). Hinh 3
con cho thay hiéu suat thuc nghiém qua trinh thay
phan sun c4 hdi nim gan nhu triing hoan toan trén
duong mo hinh du do4n, hiéu suat thu CS cao nhat
dat gan toi dinh 96 - 99%, diéu nay chung to
phuong trinh héi quy da mo ta chinh xac cac so
lieu thuc nghiém.

Bang 7. Uéc tinh c4c hé s8 tuyén tinh, tirong tic va binh phuong ctia cac phuong trinh hdi quy di doan

muec d6 anh hudng clia cac nhan 3 thiy phan dén ham muc tieu (Y%)

Nguon Bacty | Téngbinh | Trung binhbinh | Gi4 trimo hinh | St thi€u phi hop
do phuong phuong thuc F-Value P-Value
Bién ma hoa 98,52 3,188521 30,16 <0,0001*
X, 1,00 12,5375 1,952562 6,42 0,0014*
X, 1,00 12,29875 1,952562 6,30 0,0016*
X, 1,00 14,53625 1,952562 7,44 0,0007*
X *X, 1,00 13,615 2,76134 4,93 0,0048*
XX, 1,00 -7,16 2,76134 2,59 0,0524
X,*X, 1,00 71,1775 2,76134 2,60 0,0468*
X *X 1,01 -10,64125 2,874094 -3,70 0,0146*
X,*X, 1,01 -35,98375 2,874094 -12,52 <0,0001*
X;*X, 1,01 -10,33375 2,874094 -3,60 0,0179*
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Kiém dinh tinh tuong thich téng quat ctia mo
hinh v6i thuc nghiém (F—test hay kiém dinh
Fisher) duoc thé hién & bang 7. Kiém dinh gia tri F
cho su thiéu phtu hop ctia mo6 hinh (lack of fit) 1a
kiém dinh sy thiéu phu hop cia mé hinh bang
cach so sanh sy mat mat clia cac gia tri quan sat
(t6ng phuong sai ctia gia tri thuc nghiém so véi gia
tri du doan) voi phuong sai ctia cac lan chay diém
lap tam, két qua thu dugc trong bang 7 1a P <
0,001*<a =0,05 va gia tri Leck of fit = 0,1347 > «
=0,05 (Bang 6) cho thdy, su ton tai cta gia thiét
dao 1a “khong c6 su thiéu phu hop?” hay su sai
khéac gitta hai phuong sai nay 1a khong dang ké, tir
d6 két luan mo hinh phu hop. Bén canh d6, hé so
bién thién theo do léch chudn thdp (trung binh
binh phuong X; = 0,33; X, = 0,33 va X; = 0,33)
ching té rang cac thi nghiém duwoc thuc hién
chinh xac va ¢ lap lai cao.

Gia tri P,,,. ctia nong do enzyme, nhiét do va
thoi gian thily phéan lan luot 1a P, (X)) < 0,001%,
P Xy <0,001* va P, (Xs5) < 0,001*, nghia la chi
nhé hon 0,001% su thay déi cta gia tri F la phan
nhiéu ma moé hinh khong tinh toan duoc. Két qua

nay cho thay do tuong thich t6t ctia phuong trinh
hoi quy so véi s6 liéu thuc nghiém, chung t6 do tin
cay thong ke cao.

Cac két qua kiém dinh cho thay, su ding dan
ctia cac mo hinh xay dung duoc. T do, biéu thirc
toan hoc moé td moi quan hé gifra nong do enzyme,
nhiét do va thoi gian thiy phéan véi cac bién ma
héa (diéu kién khao sat) nhu sau:

Y = 9852 +125375X, +1242375X,
+14,66125X, +13,625 X*X, -7,16 X*X; +
74275%,*X, -10,76625X,*X, - 35,85875X,*X, —
10,20875 X;*X; (1)

Trong vung khao sat, phuong trinh héi quy
cho thdy hiéu suat thu CS(Y) chiu anh huéng bac
mot ctia yéu t6 nghién ciru X;, X, Xs; bac hai ctia
ca 3 yéu t6 nghién cttu X;, X,, X;va chiu 4&nh hudéng
déng thoi cua cac ciap yéu t6 X *X), X;*X,),
(X,*X;). Trong d6, anh huéng manh nhat téi ham
Iwong CS va hiéu suit thay phan 1a cip yéu to
(X,*X,), va it anh huéng nhat 1a cap yéu t6 (X;*X))
(Hinh 3).
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Hinh 3. Méi tuong quan gitta mé hinh 1y thuyét va thue nghiém ciia cic nhan t6 thiy phan

dén gia tri t6i vu cia qua trinh thity sun c4 héi
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Két qua phan tich phuong sai (ANOVA) anh
hudng ctia cic bién - yéu to thiy phan dén ham
muc tiéu - hiéu suat thu CS cho thdy tat ca cac bién
bac mot, bac 2 va twong tac giita cac bién déu co
anh huéong dén ham muc tiéu (p <0,0001*< «
=0,05). Cac bién X, X,, X5, X;* X,* va X;* ¢6 anh
huong dang ké dén ham muc tiéu (p < 0,05).

Két qua phan tich phuong sai trong bang 6 va
phuong trinh hoi quy cho thay, hé s cta cac bién
bac hai va tuong tac gitra cac bién cé gia tri am con
cac bién bac nhat co6 hé s6 duong. Diéu nay cho
thdy ham muc tiéu dong bién voi X;, X,, X;, X, *X,,
X,*X; va nghich bién voi X X%, X;* va X*X..
Nhung d¢ 1on ctia hé s6 cac bién bac hai 16n (cao
nhat 1a 39,82 cia X,) nén anh hudng nhiéu nhat
dén ham muc tiéu. Con hé s6 cta cac tuong tac
X, *X,, X,*X, va X;*X; nhé (cao nhat chi la 12,40
X,*X,) nén anh huéng la khong 16n dén ham muc
tieu (1).

Hinh 3 cho thay, khi ndong d¢ enzyme tang thi
hiéu sudt thu CS ciing ting theo va tang cao nhat
tai nong do enzyme 0,4%. Néu ti€p tuc ting nong
do enzyme >0,4% thi hiéu suat di theo duong nam
ngang, co6 nghia 1a hiéu suat khong tang thém khi
tang néng do enzyme, do néng do enzyme da can
bang voi néng do co chat, nén hiéu suat thu CS
khong tang thém. Tieép theo, v6i nhiet do thay
phan: khi ting nhiét do thiy phan thi hiéu suat thu
CS ciing ting theo va hiéu suat dat cao nhat tai
55°C. Tuy nhién, khi ting nhiét d6 >55°C thi hiéu
suat khong ting, ma nguoc lai con gidm xudng.
Két qua nay co thé ly giai 1a khi giit phan tmg thuy
phan & nhiét d0 cao trong mot thoi gian dai
enzyme sé& khong bén véi nhiét do nén hiéu suat
thu CS giam. Tuong tu voi bién thoi gian: khi ting
thoi gian thiy phan thi hiéu suat thu CS ciing ting
va hiéu suat dat cao nhat khi thoi gian thily phéan la
4 gio. Néu thoi gian thily phan >4 gio thi duong
biéu dién hiéu suat sé di theo chiéu nam ngang.
Két qua nay co6 nghia 1a co chat da bi thay phan,
tie 1a lwong CS c6 trong sun ca hoi da hoan toan
giai phong ra dich thay phan nén hiéu suat thu CS
khong tang.

Tién hanh giai bai toan t6i wu bing cach chap
muc tiéu theo thuat toan “ham mong doi”. Két qua
t6i vu hoa thu duoc X, = 0,4 nghia la nong d6 hén
enzyme alcalase - papain thich hop cho qua trinh
thity phan sun cé hai 1a 0,4%, X, = 55 nghia Ia nhiét
do thiuy phan thich hop cho qua trinh thity phan la
55°C, X; = 04 tirc thoi gian thiy phén thich hop 1a 4
gio. Khi d6 ham muc tiéu (Y) - hiéu suat thu CS
dat 98,52% va ham luong chondroitin sulfate, ham
luong nito téng s6 cta dich thiy phan dat tuong
tng 1a 40,5 mg/mL va 7,46 g/lit dich thiy phan.

Nhu vay, trong diéu diéu kién toi vu vé nong
do enzyme, nhiét do va thoi gian thuy phan thi
hiéu suat thu CS dat 98,52% so voi muc tiéu mong
muon tir mo hinh 1a 96,40% (Hinh 7).

Xu huéng anh hudéng cua cac thong so dén
qua trinh thdy phan duoc gidi thich nhu sau: nong
do enzyme anh hudng tich cuc t6i hiéu suit thu
CS, khi noéng @6 enzyme thap (<0,2%) thi hiéu sudt
thu CS chua cao do thita co chat va nong do
enzyme chua da, con khi néng d6 enzyme cao
(>0,4%) thi phan ung thiuly phan xay ra hoan toan
va bit dau du thira enzyme dan t6i trinh trang lang
phi enzyme. Tuong tw, nhiét d6 thiy phan cing
anh hudng tich cuc téi hiéu suit thu CS, cu thé khi
nhiét do thap (<45°C) thi hiéu suit thu CS thap,
con khi nhiét do cao (>55°C) khong phai la nhiét
do to6i wu cho hoat dong thiy phan sun c4 héi.
Cuoi cung, thoi gian thily phan ciing 4anh hudéng
tich cuc dén hiéu suat thu chondroitin sulfate. Néu
thoi gian thiy phan ngan (<4 gio) thi enzyme
protease chua thiy phan hét sun ca hdi nén hiéu
suat thu CS chua dat muc cao nhat. Nguoc lai, khi
thoi gian thiy phan dai (>4 gio) thi enzyme da
thiy phan hét co chat (sun c4 hoi) nén hiéu suat
thu CS khéng tang thém (hinh 3).

Lan luot xét anh hudng cta timg yéu to (khi
cac yéu to khac gitt & muc trung binh) dén hiéu
suat thu CS (hinh 4, 5 va 6) cho thdy, néng do
enzyme, nhiét do va thoi gian c6 anh huéng ro rét
dén hiéu suat thu CS.
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Hinh 4. Bé mat dap tmg thé hién mdi tuong quan
giita ndng 46 enzyme (X;) va nhiét do (X,)

Hinh 5. Bé mit dap tmg thé hién mdi tuong quan
giita néng d6 enzyme (X,) va thoi gian Xy

dén hiéu sudt thu CS dén hiéu suat thu CS
figL 0BI50,6¢ A glan(3.5) Sorted Parameter Estimates

Term Estimate Std Error tRatio Prob>t]
Nmigt doNhiétds  -35.85875 2944104 -12.18 <0001*
£ Thoi gian(35) 1466125 200015 733 | | 00007
3 Nongd60.305) 125375 2000125 627 | 0.0015*
. Nhigtdos080) 1242375 200015 621 i 0.0016*
T NongdtNnigtdd 13615 2828604 481 0.0048*
= NongddtNongdd  -10.76625 2944104 -366 i 0.0146*
Thoi gian*Thoi gian  -10.20875 2044104 347 | 0.0178*
2. Nhigtdg*Thaigian 74275 2828604 263 _] 0.0466*
< Nhiét 66(50.60) Nbngdi‘Thbigian 716 2828604 -253 00524

Hinh 6. Bé mat dap tmg thé hién mdi tuong
quan giita nhiét do6 (X, va thoi gian (Xy)
dén hiéu suat thu CS

Két qua phan tich duogc thé hién ¢ hinh 4, 5 va
6 cho thdy, ca 3 tac nhan X, X, va X; déu c6 tuong
tac voi nhau va anh hudong dén ham muc tiéu hiéu
sudt thu CS(Y). Cu thé, két qua phan tich & hinh 5
cho thay, néng do enzyme (X;) va nhiét do X,) co
anh hudng ro rét dén hiéu suat thu CS. Dinh thé
hién hiéu suét thu CS cao nhit trong khoang 96
99% khi bien X,=0,4(%) va X,=55°C. Tuong tu tai
hinh s6 5: Nong do enzyme (X,) va thoi gian thiy
phan (X;) ciing anh huong lon dén hieu suit thu
chondroitin sulfate. Thuc té, hiéu suat thu CS dat
cao nhat 1a Y = 98,52% khi X, = 0,4% va X, = 4 gio.
Két qua nay ciing dung véi hinh s6 6: X, = 55°C va
X, = 4 gi¢ thi hiéu suat thu CS seé dat cuc dai véi Y
= 98,52.

Hinh 7. Thi tu &nh hudng clia cac bién khao sat

dén hiéu suat thu hdi CS xép theo thir tu
gidm dan tir trén xuéng

Giai bai toan quan hé tuyén tinh trong mit
phing: Trong s6 cac duong dong muc cat vetor
phap tuyén, tim duong déng muc c6 gia tri nhd
nhat cho thdy, néu dich chuyén song song cac
duong dong mtuc theo hudng vector phap tuyén thi
gia tri muc sé tang, néu dich chuyén theo huong
nguoc lai thi gia tri mirc sé giam. Do do, bai toan
dat ra c6 thé tién hanh nhu sau: Bat dau tir mot
duong dong muc cat vector phap tuyén, ta dich
chuyén song song cac duong déng mic theo
huéng nguoc huéng véi vector goc cho dén khi
nao viéc dich chuyén tiép theo lam cho duong
déng muc khong con cat vector phap tuyén nira thi
dimg. Cac diém cda vector phap tuyén nam trén
duong muc cudi cuing nay sé 1a cac 101 giai can tim,
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con gia tri cta no6 chinh 1a gia tri t6i vu ctia bai
toan. Cu thé, trong ca 3 hinh 4, 5 va 6 cho thay, bé
mit tuong tac gitta cac duong dong muc mot lan
nita khing dinh: Ca 3 bién 1a nong do enzyme (X,),
nhiét 46 (X,) va thoi gian thily phan (X;) déu co
lien quan va anh huodng truc tiép lan nhau. Ham
muc tiéu, tic hiéu suat thu CS dat cao nhatla Y =
98,52% khi cac bién nong do enzyme (X;) = 0,4%,
nhiét do thay phan (X,) = 55°C va thoi gian thay
phan (X,) = 4 gio.

3.3. Thi nghiém kiém chimg

Tién hanh qua trinh thday phan sun c4 hoi
bang cac thong s6 t6i uwu: Noéng do enzyme
alcalase - papain la 0,4%, nhiét ¢ thuy phan la
55°C, thoi gian thuy phéan 1a 4 gio. Thi nghiém
duoc tién hanh 3 1an cho két qua hiéu sudt thu CS
dat 98,52 + 1%. Dich thily phan c6 ham luong nito
téng va ham luwong CS twong tmg 1a 6,11 g/lit va
22,57 mg/ml. Két qua kiém chimg mot lan nira
khang dinh tinh chinh x4c cao ctia cac mo hinh da
duoc xay dung.

4. KET LUAN

ba nghién cttu va xac dinh duoc khoang théng
s6 bién thich hop cho qua trinh thtly phan sun ca
hoi bang hén hop enzyme alcalase - papain:
Khoang nong do enzyme thich hop 1a 0,3 - 0,6%,
khoang nhiét do thich hop la 45 - 65°C va khoang
thoi gian thich hop 1a 3 - 6 gio,

Da tién hanh t6i vu héa va thu duoc cac thong
s6 t6i tru cho qua trinh thily phan sun c4 héi bing
hén hop enzyme alcalase - papain: Néng do
enzyme la 0,4%, nhiét @6 thiy phan la 55°C va thoi
gian thily phan 1a 4 gio. Kiém chitng t6i vu hoa voi
cac thong s6 & trén c6 duoc hiéu suat thu CS trong
qua trinh thtty phan sun c4 héi dat 98,52%.
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USING RESPONSE SURFACE METHODOLOGY FOR OPTIMIZING THE SALMON CARTILAGE
(Salmon Salan HYDROLYSIS PROCESS BY ALCALASE - PAPAIN ENZYME MIXTURE

Dinh Huu Dong!

!Ho Chi Minh City University of Industry and Trade
Summary

In this article, we present the results of optimization on salmon cartilage (Salmon salar
hydrolysis by a mixture of alcalase - papain enzyme. The our results show that the appropriate
parameter range for salmon cartilage hydrolysis by alcalase - papain enzyme mixture: suitable
enzyme concentration range is 0.1 — 0.5%, the suitable temperature range is 45 — 65°C and suitable
time period is 3 - 6 hours. Optimization results have determined the optimal parameters for the
salmon cartilage hydrolysis by the alcalase - papain enzyme mixture: enzyme concentration is
0.4%, hydrolysis temperature is 55°C and hydrolysis time is 4 hours. The results of salmon
cartilage hydrolysis with the above parameters obtained hydrolyzate with CS collection efficiency

of 98.52%.

Key words: Optimization, alcalase - papain enzyme mixture, CS collection efficiency, salmon

cartilage hydrolyzate.
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