KHOA HOC CONG NGHE

TOI UU HOA QUA TRINH THUY PHAN SUN CA MAP
(CARCHARHINUS DUSSUMIERA BANG HON HOP
ENZYME ALCALASE-PAPAIN THEO PHUONG PHAP
MAT DAP UNG
binh Hitu Pong!*, Vit Ngoc Bgi?, Nguyén Thi My Trang?

TOM TAT

Bai bdo nay trinh bay két qua nghién ctu t6i wu héa qua trinh thity phan sun c4 map (Carcharhinus
dussumieri) bang hén hop enzyme alcalase-papain. Két qua nghién cttu da xac dinh duoc khoang thong sé
bién thich hop cho qua trinh thily phan sun cidc map bang hén hop enzyme alcalase - papain: khoang néng
do enzyme thich hop 1a 0,1% - 0,5%, khoang nhiét do thich hop 1a 40°C - 60°C va khoang thoi gian thich hop
1a 16 - 24 gio. Két qua t6i vu héa da xac dinh duoc cac thong s6 toi wu cho qua trinh thiy phan sun ca map
bang hdén hop enzyme alcalase - papain: néong do enzyme 1a 0,3%, nhiét do thly phan 1a 50°C va thoi gian
thity phan 1a 20 gio. Két qua thay phan sun c4 map voi cac thong s6 ¢ trén thu duoc dich thiy phan voi hiéu

suat thu chondroitin sulphate dat 96,97%.

T khéa: 767 i hda, hén hop enzyme alcalase - papain, hiéu suat thu chondroitin sulphate, dich thiiy phan

sun cd map.

1. M0 BAU

Sun c4 map duoc cho 1a nguén nguyén liéu tur
nhién c6 chta chondroitin sulphate véi ham luong
cao nhat [3-5]. Chondroitin sulphate 1a thanh phan co
ban cdu tao nén sun khop va cac té chirc soi chun
gitp cho suw van dong linh hoat, tinh dan hoi trong
hoat dong khép. Ngoai ra, chondroitin sulphate con
1a nguyeén liéu dé co thé san xudt chit nhay cta dich
khop va giup chong thoai héa mo sun va dam bao
cho su van dong ctia 6 khop [3-5]. Chinh vi thé,
chondroitin sulphate dwoc coi 1a thuc phdm chtc
nang dé hé tro diéu tri cac bénh ly vé xuwong khop.
Da tién hanh nghién ctru thity phan sun ca map bang
phuong phap st dung enzyme protease va thu dich
thity phan chtta chondroitin sulphate, cac chat tw
nhién tr sun c4 map dé dinh huong dung lam thuc
pham chitc nang. Trudéc day, chung t6i da cong bo
cac bai bao trinh bay mot s6 két qua nghién ciu lua
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Hinh 1. Hinh 4nh sun c4 map (Carcharhinus dussumier) trirdc va sau khi xir Iy

[4, 5]. Trong bai bao nay trinh bay két qua nghien
ctru ti ru hoa qua trinh thiy phan sun cdc map bang
hén hop enzyme alcalase - papain.

2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyeén vat liéu

2.1.1. Sun cd map

Ca map (Carcharhinus dussumieri (Muller &
Henle, 1839)) thuong dinh vao luéi danh bat thiy san
hodc dinh vao day cau ctia cAc tau ciu ca ngt. Ca
méap duoc thu mua nguyén con tai cang ca Vinh
Luong - Nha Trang - Khanh Hoa. C4 tuoi c6 khoi
lwong trung binh 40 - 60 kg/con. Cad map duogc khai
thac trong thoi gian tir thang 3 - 7 va thang 9 - 12
hang ndm. Sau thu mua, thu toan b6 vay c4, sun ca va
van chuyén vé phong thi nghiém. Tai phong thi
nghiém, ti€én hanh xt ly loai bd thit, mo lien két, lam
sach, cap dong va bao quan dong & -20°C dé dung
trong su6t qua trinh nghién ctu.

v
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2.1.2. Enzym alcalase

Enzym alcalase 2.4L 1a ché phidm protease
thuong mai do Hang Novozyme - Pan Mach cung
cidp. Alcalase thuoc nhém enzyme serine
endopeptidase c6 cac dac tinh ky thuat nhu sau: pH
thich hop trong khoang 6 - 8, nhiét do thich hop 30 -
65°C, hoat tinh 2,4AU/g duoc bao quan & 0 - 5°C.

2.1.3. Enzym papain

Papain thuwong mai c¢6 hoat tinh >2,0
mAnsonU/mg (co chit hemoglobine, pH 6, nhiét do
35,5°C) do Merck - Dtc san xuit. Papain 1a mot
enzyme chiu duoc nhiét do twong d6i 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 & 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 phép nghién ciru
2.2.1. Cdc phuong phap phan tich

* Xdc dinh hrong ham long nito tong sé (N,):
duoc dinh luong theo phuong phap Kjeldahl [1, 6, 8].

* Ham lirong protein thé (P): duoc xac dinh theo
cong thuc [1, 6, 8]: P= N,
X 6,25

* Phuong phdp dinh luong chondroitin sulphate
(CS): bang phuong phap so mau theo Farndale va
cong su [7].

Nguyén [y: Dua trén sy thay déi trong quang
phd hiap thu cia DMMB (1,9 Dimethylmethylene)
khi tic dung v6i chondroitin  sulphate
(glycosaminoglycan sulphate) & budc séng 525 nm.
Dua vao duong chuin cta chondroitin sulphate A
(g6c sulphate gan & vi tri C4 (chondroitin-4-
sulphate), CS4) v6i DMMB @€ x4c dinh ham luong
chondroitin sulphate. Phuong phap nay c6 do nhay
cao, c6 thé dinh tinh va dinh luong ham luong CS &
muc pg.

* Hiéu suat thu chondroitim: 1a ty s6 tinh theo
phan tram gitta ham luong chondroitin sulphate co
trong dich thiy phin so voi ham luong chondroitin
sulphate c6 trong nguyén liéu sun ca map. Hiéu suat
thu chondroitin sulphate duogc tinh nhu sau:

H :ﬁ* 100%
c C 0

Trong @6 H.: hiéu suét thu chondroitin sulphate
(%), C: ham luwong chondroitin sulphate cé trong

nguyén liéu sun ca map, C;: ham luong chondroitin
sulphate c6 trong dich thay phan.

2.2.2 Xay dung mo hinh thuc nghiém

Tién hanh t6i wu hoa qua trinh thiy phan theo
phuong phap bé mat dap tmg Box-Behnken véi muc
tiéu hiéu sudt thu chondroitin sulphate cao nhat [2,
9]. Cac yéu t6 duoc lua chon cho qua trinh téi vu héa
la: néng do enzyme (X)), nhiét do thiy phan (X,) va
thoi gian thiy phan (X;) sao cho ham muc tiéu (Y) la
hiéu suat thu chondroitin sulphate cao nhat. Dé xac
dinh duoc thong s6 t6i wu cho qua trinh thdy phan
thu dich thay phan chtta chondroitin sulphate, da
tién hanh bo tri thi nghiém theo so do trinh bay &
hinh 2. Tt so d6 nay, tién hanh xac dinh khoang bién
thién cta ty 1é enzyme, nhiét do va thoi gian thay
phan trong qua trinh thily phan sun ca map bang hon
hop enzyme alcalase/papain theo ty lé 60/40. Sau
khi chon duoc khoang bién thién cta ty 1é enzyme,
nhiét do va thoi gian thiy phan, tién hanh t6i vu hoa
qua trinh thity phan sun c4 map nham tao thanh dich
thay phan c6 ham luong chondroitin sulphate va hiéu
suat thu chondroitin cao.

Sun cd map tuoi

'

Rira

'

Xay

'

Xic dinh khoang bién thién ciia cac thong s trong qua trinh thiy phan

!

Chon thong s6 t0i ru
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Thuy phén

'

Loc
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Dich thiy phén

Hinh 2. So d5 b6 tri thi nghiém tdng quat
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bé xac dinh duoc thong s6 toi wu, da st dung
phuong phap quy hoach bac hai tAm xoay cho 3 yéu
t6 va méi yéu to tién hanh tai 5 mitc. Quy hoach thuc
nghiém gom 15 thi nghiém. Tinh toan hé sé héi quy
voi ham muc tieu la hiéu sudt thu chondroitin
sulphate cao nhat voi cac bién lan luot 1a: X; = Néng
do enzyme (%), X, = Nhiét d¢ thay phan (°C) va X, =
Thoi gian thiy phan (gio). Thi nghiém st dung RSM
trong phan mém JMP10 @€ bo tri va toi vu hoa cac
nhan t6 thi nghiém. Méi nhan t6 dwoc khao sat voi 5
muc do (a,-1, 0, +1, + a) . Két qua thiét ké thi nghiém
trinh bay & bang 1.

Bang 1. M4 hoéa bién va cac mirc do khao sat

Céac yéu to Miic tién hanh
a|-1]0]|1|+a
X, = Néng do enzyme (%) 0,1/0,2/10,3/10,4|0,5

X, = Nhiét d¢ thay phan °C) | 40|45 |50 |55 | 60
Xgh N Thoi gian thay phan 16118120122 | 24
(gi0)

Ghi chii: o = 2, gid tri can trén (+1) vd can duor (-
1) cua bién doc I3p, (Bién do min + Bién 40 max)/2 14
gid tri trung binh cta c4n trén va can duoi.

Phan tich sé liéwr: Thi nghiém duoc thuc hién
theo thi€t ké nhu & bang 1. Phép phan tich phuong
sai duoc st dung dé phan tich &nh hudng cta cac yéu
to trong thi nghiém t6i ham muc tiéu. Sau do, tién
hanh loai b6 nhiing yéu t6 anh huéng khong dang ké
t61 ham muc tiéu voi do khac biet nho nhat (LSD) &
muc y nghia 95%. M6 hinh toan hoc mé ta anh huong
ctia cac bién doc lap dai voi bién phu thudc cé dang
ham da thitc bac hai & dang téng quat nhu sau:

3 3 3

Yr=Bo+ 2 BiXj+ 2. BiXiX; + 2 BjX;2

=1 i =1 j=1

Trong do: Y,: Bién phu thuoe (k = 1-3); X ;:
Nhan t6 ma hoa ctia bién doc 1ap anh hudéng dén Y

B,: Hé s6 hoi qui bac 0; B;: Hé s6 hoi qui bac 1
mo ta anh huong cua bién Xj dén Y,; By: Hé s6 anh
huong dong thoi cia bién X, va X; dén Y,; B;: Hé s6
hoi qui bac hai m6 ta anh hudéng cta bién X dén Y.

Pdnh gid mo hinh

Mo hinh va phuong trinh héi qui duoc kiém tra
muc do phu hop véi thuc nghiém bing kiém dinh
Fisher (véi gia tri P, < a = 0,05) va su thiéu phu
hop (Lack of fit). Néu gia tri P,,;,. nhé hon gié tri a va
cang nho thi mo6 hinh cang phu hop (gia tri a thuong
14y 0,05 - tic 1a 5%). He so Lack of fit phai 16n hon gia

tri a (I6m hon 0,05) thi mé hinh d6 méi phu hop, gia
tri Lack of fit cang 16n thi mitc do phu hop cia mo
hinh cang chinh xac. Ngoai ra con c6 mot s6 cac
thong s6 danh gia khac nhu hé s6 twong quan
(Correlation coefficient) gitta cac két qua du doan
ctia m6 hinh (Y’) véi cac két qua thuc nghiem (Y), hé
s6 xac dinh (Coefficient of Determination) va d¢ léch
chuén tuong d6i CV% (Coefficient of Variation). Cu6i
cung, thuc hién viéc phan tich tai diém t6i wu voi cac
diéu kien néng do enzyme, nhiet do thiy phan, thoi
gian thay phan trong mau tim thay va so sanh voi két
qua du doan dé kiém tra suw chinh xac ctia mo hinh
du doan.

2.3. Thiét bi va héa chit
2.3.1. Thiét bi

St dung cac thiét bi hién co tai Trung tam Thi
nghiém Thuc hanh - Truong Pai hoc Nha Trang va
Truong Pai hoc Cong nghiép Thuc phdm - TP. HCM:
May so mau UV-VIS DR6000 - Hach (My); bé 6n
nhiét Memmert WNB14 - Dirc, may ly tdm lanh toc
d6 cao Hermle Z36HK - Ptic, bé 6n nhiét Memmert
WNB22 (Dtic), néi thiy phan dung tich 30 lit (Viét
Nam),...

2.3.2. Hoa chat

Cac hoa chit stt dung trong thi nghiém déu 1a
hoa chat tinh khiét do Merck - Pic cung cép.

2.4, Phurong phap xtt ly s6 liéu

Mbi thi nghiém déu tién hanh lap lai 3 1an doc
lap va s6 liéu 1a két qua trung binh ctia cac lan thi
nghiém. Kiém tra su khac biét gitra cac so liéu thong
ké bang phan mém Box-Benhhen 20 trén JMP 10.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huéng ciia ndng d6 enzyme, nhiét do va
thoi gian dén qua trinh thity phan sun c4 map

3.1.1 Anh huéng cua nong do enzyme alcalase-
papain dén hiéu suat thu dich dam

Tién hanh thi nghiém khao sat khoang bién
thién ctia nong do enzyme thay phan dén hiéu suat
thu chondroitin sulphate, ham luong CS va ham
lwong nito téng s6. Két qua trinh bay & bang 2.

Tir két qua bang 2 cho thdy nong do enzyme
alcalase-papain c6 anh hudng ro rét dén hiéu suat thu
chondroitin sulphate va khi ting nong do hén hop
enzyme alcalase-papain trong khoang 0,05% - 0,5%, thi
hiéu suat thu chondroitin sulphate ciing ting theo
chiéu ting ctia nong d6 enzyme va dat cuc dai 96,97
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0 0,01% khi néng d6 enzyme alcalase-papain 1a 0,3%.
Khi ting néng do6 enzyme alcalase-papain > 0,3% thi
hiéu suat thu chondroitin sulphate ting khong dang
ké. Trong khi do, ham luong nito tong va ham luong
chondroitin sulphate (CS) ciing cé xu thé ting theo
chiéu tang ctia néng do enzyme alcalase-papain trong
khoang 0,05% - 0,3% va khi tang noéng do enzyme
alcalase-papain > 0,3% thi mc d¢ ting ctia ham luong
nito téng va ham luong chondroitin sulphate (CS) c6
xu thé cham dan.

Tt cac phan tich & trén cho thdy néng do
enzyme alcalase-papain thich hop dé hiéu suit thu
chondroitin sulphate, ham luong CS, ham luong nito
téng s6 cao 1a 0,3% va khoang néng do6 enzyme
alcalase-papain thich hop cho qua trinh thiiy phan la
0,1% - 0,5%.

Béng 2. Anh huéng clia néng do enzyme alcalase-
papain dén hiéu suit thu chondroitin sulphate cao
nhat, ham leong CS va nito tdng s

Néng do | Ham luong | Ham luong | Hiéu suat
enzyme | nitoténg | chondroitin | thu nhan CS
alcalase-| (g/lit) sulphate %)
papain (mg/mL)
(%)
0,05 3,57°+0,14| 7,09°+0,18 |90,16*+ 0,04
0,1 7,21*+0,11|39,20°+ 0,12 | 93,58" + 0,05
0,2 7,42b +0,14|39,81°+ 0,13 | 94,60°+ 0,03
03 [7.46°£0,17]40,50° 0,15 [ 96,97° + 0,01
04 [7,48°£0,15]40,51°+0,18 96,98 £ 0,04
0,5 7,49°+ 0,12 40,52°+ 0,17 96,98b +0,02
0.6 [7.49°+0,08] 40,52°+0,1 |96,98"+0,02

3.1.2. Anh huong ctia nhiét do thuy phan

Két qua nghién cttu 4nh huéng cta nhiét do thay
phan dén hiéu suét thu chondroitin sulphate, ham

Tir két qua phan tich trinh bay & bang 3 cho thay
nhiét do thay phan ciing anh hudng dén hiéu suat
thu chondroitin sulphate va ham lwong CS cta dich
thay phan. Khi tiang nhiét d6 thay phéan trong
khoang 35°C - 50°C, thi hiéu sudt thu chondroitin
sulphate, ham luong CS va ham luwong nito téng sé
cta dich thay phan ting theo chiéu ting nhiét do
thity phan va dat mtc cao nhat khi nhiet do thay
phan 1a 50°C. Cu thé, khi nhiét do thiy phan 1a 50°C,
hiéu suat thu chondroitin sulphate, ham lutong CS va
ham luong nito téng s6 dat mic gan nhat, tuong tng
la 93,57 + 0,07%, 40,16 + 0,17 mg/mL va 7,46 + 0,14
g/L. Do néu tiép tuc tang nhiét do thay phan > 50°C
thi hiéu sudt thu chondroitin sulphate, ham luong CS
va ham luong nito téng s6 c6 xu huong ting khong
dang ké hoac khong ting va su chénh léch vé hiéu
suat thu chondroitin sulphate, ham leong CS, ham
lwong nito téng s6 khi thiy phan ¢ nhiét do 50°C,
55°C, 60°C va 65°C khong c6 y nghia thong ké.

Tir cac phan tich & trén cho thdy nhiét do thich
hop cho qua trinh thity phan sun c4 map bang hdn
hop enzyme alcalase-papain dé c6 hiéu sudt thu
chondroitin sulphate, ham luong CS va ham luong
nito téng s6 trong dich thdy phan cao la 50°C va
khoang nhiét do thich hop cho qua trinh thay phén
sun ca map 1a 40°C - 60°C.

3.1.3 Anh huong cua thoi gian thuy phan

Két qua nghién ctu anh hudng cta thoi gian
thity phan dén hiéu suit thu chondroitin sulphate,
ham lueong CS va ham luong nito tdng s6 ¢ trong
dich thiy phan duoc trinh bay & bang 4.

Béng 4. Anh huéng cita thoi gian thiiy phan dén hiéu
su4t thu chondroitin sulphate, ham hrong CS va nito

lwong CS va ham luong nito tdng s6 duoc trinh bay & téng s6
bang 3. .
& ) . Thoi | Hamluwong | Ham luong | Hiéu suat thu
Béng 3. Anh huédng ctia nhiét do dén hiéu sudt thu gian CS nito téng s6 | chondroitin
ey . R X
chopAdroﬂm ‘sulphate, ham }uc,mg CSva g{ta t01}g s0 thay | (mg/mL) (mg/lit) | sulphate (%)
Nhiét | Ham luong | Ham luong |Hiéu suat thu phan
do thay | nito tong CS chondroitin (gid)
phan (g/1it) (mg/mL) | sulphate (%) 14 | 4023 0,14 | 7.08°+0,16 | 9235+ 0,03
(OC) b " b b b 9 k " 5
35 [ 308003 | T0FE011 [ 9238 0.06 16 | 4041°+0,11 | 7.41°+0,15 | 93,56"%0.05
40 | 739°=0,11 | 40,16°+0,17 | 93,57°+ 0,07 18 | 40,44°+£0,13 | 7,42°+0,14 | 94,58"+ 0,04
45 7,4]c:|:0,13 40,26b:|: 0,15 94,60b:|:(),05 20 40.50°+ 0.16 7.46°+0.12 96.97°+ 0.01
50 7.46°+0,14 | 40,50°+ 0,12 96,97b +0,01 . . b
35 7460+ 0.19 | 40,51°% 0,14 | 96.98" = 0,02 22 | 40,51"+0,18 | 747°+0,19 | 96,97 +£0,07
60 7.46°£0,15 | 40,51°+ 0,18 | 96,98+ 0,03 24 | 4051°+£0,19 | 747021 | 96,97°+0,06
65 40,51°+0,17 | 7,46*+0,18 | 95,94°+ 0,04 26 | 40,5 1°+ 0,12 | 747°+0,22 96,97b +0,04
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Két qua phan tich trinh bay & bang 4 cho thay
thoi gian thay phan cting c6 anh hudng dén hiéu suat
thu chondroitin sulphate, ham luong CS va ham
luong nito téng s6 cta dich thay phan. Khi thoi gian
thiy phan ting trong khoang 14 gi¢ - 20 gio thi hiéu
suat thu chondroitin sulphate, ham luong CS va ham
luong nito téng s6 cua dich thay phan ting theo
chiéu ting thoi gian thity phan va dat gia tri cao nhat
khi thoi gian thay phan 1a 20 gio. Do khi tang thoi
gian thay phan lén > 20 gio thi hiéu sudt thu
chondroitin sulphate, ham luwong CS va ham luong
nito téng s6 ctia dich thiy phan c6 xu thé ting khong
dang ké va két qua phan tich thong ké cho thay su
khéc biét vé hiéu sudt thu chondroitin sulphate, ham
luong CS va ham luong nito téng s6 cta dich thay
phan khi thoi gian thily phan 1a 20 gio, 22 gio, 24 gio
va 26 gior khong co y nghia thong ke.

Tir cac phan tich & trén cho thay thoi gian thich
hop cho qua trinh thity phan sun c4 map bang hén
hop enzyme alcalase-papain dé c6 hiéu suit thu
chondroitin sulphate, ham luwong CS va ham luong
nito téng so trong dich thiy phan cao 1a 20 gio va
khoang thoi gian thich hop cho qua trinh thiy phéan
sun ca map la 16 - 24 gio.

3.2. T6i uu héa qua trinh thiy phan tao bot dam

Két qua t6i wu hoa qua trinh thily phan voi muc
tieu hiéu suit thu chondroitin sulphate cao duwoc
trinh bay & bang 5.

Bang 5. B6 tri thi nghiém va két qua qui hoach truec
tam quay (RCCD) véi ham muc tiéu Y (hiéu sudt thu
chondroitin sulphate) theo néng d¢ enzyme, nhiét do

va thoi gian thily phin
STT Bién ma hoa
Thoi

Ma tran | Nong | Nhiét | gian: | Hiéu

thi |do:X,|do:X,| X; | sudt
nghiem | (%) | (C) | (gio) | Y (%)

1 0-—- 03 | 45 18 | 289
2 -+0 02 | 55 20 | 34,32
3 000 03 | 50 20 | 96,64
4 0++ 03 | 55 22 | 80,85
o 0+- 0,3 55 18 | 44,71
6 +-0 04 | 45 20 | 40,24
7 +0+ 0,4 50 22 | 96,66
8 -0- 0,2 50 18 | 42,11
9 000 03 | 50 20 | 96,64
10 | -0+ 0,2 50 22 | 84,79
11 | 000 04 | 55 20 | 92,13
12 | 000 03 | 50 20 | 97,64
13| +0- 04 | 50 18 | 95,62
141 0 0,2 45 20 | 32,03
15 | 0-+ 03 | 45 22 | 3534

Bang 6. Két qua phan tich phuong sai (ANOVA) va hé sé tuyén tinh, tuong tic va binh phuong ctia cac
phuong trinh héi quy dé du doan mirc d6 anh hudng ciia cac nhan t6 thity phan d€n ham muc tiéu

Nguon Téng binh Trung binh binh | Gia tri mé hinh thuc | Sur thiéu phu hop
Bactu do phuong phuong F-Value P-Value
Intercept 96,97 0,55 176,99 <0,001*
X 1,00 17,18 0,33 51,19 <0,001*
X, 1,00 15,06 0,33 44,89 <0,001*
X 1,00 10,91 0,33 32,52 <0,001*
X, *X, 1,01 13,65 0,47 27,77 <0,001*
X, *X, 1,01 -10,16 0,47 21,41 <0,001*
X,*X, 1,01 7,43 0,47 15,65 <0,001*
X *X; 1,00 -6,72 0,49 -13,62 <0,001*
X,*X, 1,00 -39,32 0,49 -79,62 <0,001*
X;*X, 1,00 -10,20 0,49 -20,66 <0,001*

Két qua toi uu héa cho thay hé s6 tuong quan R
(coefficient of correlation) gitta két qua thuc nghiém
va két qua ctia mo hinh du doan vé nong do enzyme,
nhiét do va thoi gian thiy phan thé hién qua gia tri
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cta he s6 twong quan R (Hinh 3). He s6 twong quan
R cao cho thay cé su tuong dong giita két qua du
doan va két qua thuc nghiém. Cu thé, véi R =1,0 (cao
nhat hay t6i da) c6 nghia 1a 100% tirc 1a hiéu suat thu
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chondroitin sulphate hoan toan chiu anh huéng ctia
nong do enzyme (X,), nhiet do (X,), thoi gian thay
phan (X;) va khong c6 hay c6 0% su thay déi 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 qu4 trinh thay phan sun c4 map nim gin
nhu trung hoan toan trén duong mo hinh du doan,
hiéu sudt thu chondroitin sulphate cao nhat dat gan
toi dinh 96-99%. Diéu nay chimg td phuong trinh hoi
quy da mo ta chinh xac cac s6 liéu thuc nghiém.

100
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301 .
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>

at

éu sua

thuc nghiém (%)

Hi

T T T T
20 30 40 50 60 70 80 S0 100

Hiéu suét du doan (%)
y =0,2044x + 0,001 RSq=1,00

Hinh 3. Méi tuong quan gitra mé hinh dur do4n va thire
nghiém cfia cac yéu t8 thiiy phan t6i hieu suat thu
chondroitin sulphate cia dich thity phan sun c4 mip

4Lack Of Fit
Sum of

Source DF Squares Mean Square F Ratio
Lack Of Fit 3 6.5861000 219537 6.5861
Pure Error 2 06666667 0.33333 Prob>F
Total Error 5 7.2527667 0.1347
Max RSq

0.9999

Hinh 4. Sy thiéu phi1 hop cfia mé hinh théng qua chi
s6 (lack of fit >0,05)

Kiém dinh tinh twong thich téng quat cta mo
hinh voi thuc nghiém (F—test hay kiém dinh Fisher)
thé hién trong bang 6. Kiém dinh gia tri F cho su
thiéu phu hop ctia mé hinh (lack of fit) 1a kiém dinh
st thiéu pht hop ctia mé hinh bing cach so sanh sur
mat mat cta cac gia tri quan sat (t6ng phuong sai cta
gia tri thuc nghiém so voi gia tri du doan) véi phuong
sai clia cac 1an chay diém lap tam, két qua thu duoc
trong bang 6 la P < 0,001*<a =0,05 va gia tri Leck of
fit = 0,1347 > o =0,05 (Hinh 4) cho thay su ton tai ctia
gia thiét dao 1a “khong cé su thiéu phu hop” hay su
sai khac gitra hai phuong sai nay 1a khong dang ké,

tir d6 két luan mo hinh phu hop. Bén canh do hé so
bién thién theo do léch chudn thap (trung binh binh
phuong X; = 0,33; X, = 0,33 va X; = 0,33) chung to
rang céc thi nghiém duoc thuc hién chinh xac va do
lap lai cao.

Gia tri P,,,. cta nong do6 enzyme, nhiét do va
thoi gian thiy phan lan lwot 1a P,,.(X) < 0,001%,
P Xy) <0,001* va P, (X;3) < 0,001* nghia 1a chi co
nho hon 0,001% su thay déi cta gia tri F 1a phan
nhiéu ma mo6 hinh khong tinh toan duoc. Két qua nay
cho thdy do tuong thich tot ciia phuong trinh héi quy
so véi s lieu thue nghiém, chimg té do tin cay thong
ké cao.

Cac két qua kiém dinh cho thdy su dung dan ctia
cac mo hinh xay dung duoc. Tir d9, bi€u thic toan
hoc m6 tAd méi quan hé gitta nong d6 enzyme, nhiét
do va thoi gian thdy phéan véi cac bién ma hoéa (diéu
kién khao sat) nhu sau:

Y = 96,97 + 16,43 X, + 14,44 X, + 10,79 X; +12,40
XX, -1041X,%K, + 7A3X,*X, TA7X*X, -
39,82 X,*X, — 9,70 X, X, (1)

Trong ving khdo sat, phuong trinh hédi quy cho
thay hiéu sudt thu chondroitin sulphate (Y) chiu anh
hudng bac mot ctia yéu t6 nghien ciru X, X,, Xs; bac
hai cta ca 3 yéu t6 nghién ctu X;, X,, X; va chiu anh
hudng dong thoi cta cac cap yéu t6 X;*X,), X,*X,),
(X,*X;). Trong d6 anh huéng manh nhat t6i ham
luong chondroitin sulphate va hiéu suit thay phan 1a
cip yéu to (X,*X,) va it &nh huéng nhat 1 cap yéu to
X;*X;) (Hinh 8).

Xu huéng anh hudng ctia cac thong s6 anh
hudéng dén qua trinh thiy phan duoc giai thich nhu
sau: nong do6 enzyme anh huéng tich cuc téi hiéu
suat thu chondroitin sulphate, khi néong do enzyme
thap (<0,2%) thi hiéu suit thu chondroitin sulphate
chua cao do thtra co chit va nong do enzyme chua
da, con khi nong do enzyme cao (>0,4%) thi phan
ung thity phan xay ra hoan toan va bat dau du thira
enzyme dan t6i trinh trang lang phi enzyme. Tuong
te nhiét do thuy phan cing anh huong tich cuc toi
hiéu suat thu chondroitin sulphate, cu thé khi nhiét
do thap (<45°C) thi hiéu sudt thu chondroitin
sulphate thap, con khi nhiét do cao (>55°C) khong
phai 1a nhiet do t6i wu cho hoat dong thily phan sun
ca map. Cudi cung thoi gian thiy phan cfing anh
huéng tich cuc dén hiéu suit thu chondroitin
sulphate. Néu thoi gian thiy phan ngan (<18 gio) thi
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enzyme protease chua thiy phan hét sun c4 map nén
hiéu suat thu chondroitin sulphate chua dat mtc cao
nhat. Nguoc lai, khi thoi gian thty phan dai (>22 gio)
thi enzyme da thay phan hét co chat (sun ca map)
nén hiéu suat thu chondroitin sulphate khong tang
théem (Hinh 9).

Lan luot xét anh hudng cta timg yéu t6 (khi cac
yéu to khac gitr & muc trung binh) dén hiéu suat thu
chondroitin sulphate (Hinh 5, 6 va 7) cho thdy nong
do6 enzyme, nhiét d¢ va thoi gian c6 anh huéng ro rét
dén hiéu suat thu chondroitin sulphate.

Két qua phan tich trinh bay ¢ hinh 5, 6 va 7 cho
thdy ca 3 tac nhan X, X, va X; déu c6 tuong tac voi
nhau va anh huéng dén ham muc tiéu hiéu suat thu
chondroitin sulphate (Y). Cu thé, két qua phan tich &
hinh 5 cho thiy néng do enzyme (X;) va nhiét do
X, c6 anh hudong ro rét dén hiéu suit thu
chondroitin sulphate. Dinh thé hién hiéu suit thu
chondroitin sulphate cao nhat trong khoang 96 - 98%
khi bién X;=0,3 (%) va X,=50°C. Tuong tu tai hinh s6 6:
ndéng d6 enzyme (X;) va thoi gian thiy phan (X;)
ciing anh hudng 16n dén hiéu suit thu chondroitin
sulphate. Cu thé, hiéu suét thu chondroitin sulphate
dat cao nhat 1a Y=96,97% khi X, = 0,3% va X,= 20 gio.
Két qua nay ciing dung v6i hinh s6 6: X,=50°C va
X,=20 gio thi hiéu suat thu chondroitin sulphate sé
dat cuc dai voi Y=96,97%.

Giai bai toan quan hé tuyén tinh trong mat
phing: trong s6 cac duong dong mirc cat vetor phap
tuyén, tim duong dong mutc cé gia tri nho nhat cho
thay néu dich chuyén song song cac duong déng
mutic theo huong vector phéap tuyén thi gia tri muc sé
tang, néu dich chuyén theo huong nguoc lai thi gia
tri mtrc sé gidm. Do d6, bai toan dat ra c6 thé tién
hanh nhu sau: Bit dau tir mot duong déng mirc cit
vector phap tuyén, ta dich chuyén song song cac
duong déng muc theo huong nguoc huong voi vector
goc cho dén khi nao viec dich chuyén tiép theo 1am
cho duong dong mirc khong con cat vector phap
tuyén nita thi dimg. Cac diém cta vector phap tuyén
nam trén duong muc cudi cung ndy sé 1a cac 11 giai
can tim, con gia tri cta n6 chinh 1a gia tri t6i vu cta
bai toan. Cu thé: trong ca 3 hinh 5, 6 va 7 cho thay bé
mat tuong tac gitta cac duong dong mirc moét 1an nira
khéng dinh: ca 3 bién: nong d6 enzyme (X,), nhiét do
(X,) va thoi gian thiy phan (X;) déu c6 lién quan va
anh hudéng truc tiép 1an nhau. Ham muc tiéu, tic
hiéu suit thu chondroitin sulphate dat cao nhat 1a

Y=96,97% khi cac bién nong do enzyme (X,) = 0,3%,
nhiét do thiy phan (X,) = 50°C va thoi gian thily phan
Xs5) = 20 gio.

Két qua phan tich phuong sai (ANOVA) anh
hudng ctia cac bién - yéu to thity phan dén ham muc
tiéu - hiéu suét thu chondroitin sulphate cho thdy tat
ca cac bién bac mot, bac 2 va tuong tac gitta cac bién
déu c6 anh huéng dén ham muc tiéu (p <0,0001*< o
=0,05). Cac bién X;, Xy, X3, X;2 X,* va X, ¢6 anh
huéng dang ké dén ham muc tiéu (p < 0,05).

Két qua phan tich phuong sai trong bang 6 va
phuong trinh héi quy cho thay hé s6 ctia cac bién bac
hai va tuong tac gitta cac bién c6 gia tri am con cac
bién bac nhit c6 he s6 duong. Diéu nay cho thiy
ham muc tieu dong bién véi X, X,, Xs, X;*X,, X,*X; va
nghich bién voi X;* X%, Xi# va X;*X; Nhung do lon
clia hé s6 cac bién bac hai 16n (cao nhat 1a 39,82 cta
X,? nén anh huwéng nhiéu nhat dén ham muc tiéu.
Con he s6 ctia cac tuong tac X;*X,, X,*X, va X;*X,
nho (cao nhat chi 1a 12,40 X;*X,) nén anh huong 1a
khong 16n dén ham muc tieu (1).

Két qua danh gia trinh bay & hinh 9 cho thay khi
nong do enzyme ting thi hiéu suit thu chondroitin
sulphate ciing tang theo va ting cao nhat tai néng do
enzyme 0,3%. Néu tiép tuc ting nong do enzyme
>0,3% thi hiéu suat di theo duong nim ngang, c6
nghia Ia hiéu suat khong tang thém khi ting néng do
enzyme, do néng do enzyme da can bing véi néng
d6 co chat, nén hiéu suit thu chondroitin sulphate
khong ting thém. Tiép theo, voi nhiet do thay phan:
khi tang nhiét do thiy phan thi hiéu sudt thu
chondroitin sulphate ciing tang theo va hiéu suat dat
cao nhat tai 50°C. Tuy nhién khi tang nhiét do > 50°C
thi hiéu suit khong tdng, ma nguoc lai con gidm
xudng. Két qua nay co thé ly giai 1a khi gitt phan tmg
thiy phan & nhiét d6 cao trong mot thoi gian dai
enzyme sé khong bén véi nhiét do nén hiéu suat thu
chondroitin sulphate gidm. Tuong tu véi bién thoi
gian: khi ting thoi gian thay phan thi hiéu suat thu
chondroitin sulphate ciing ting va hiéu suét dat cao
nhat khi thoi gian thay phan la 20 gid. Néu thoi gian
thity phan >20 gi¢ thi duong biéu dién hiéu suat sé di
theo chiéu nim ngang. Két qua nay co6 nghia 1a co
chat da bi thay phan hét tirc luong chondroitin
sulphate cé trong sun cd map da hoan toan giai
phéong ra dich thiy phan nén hiéu suat thu
chondroitin sulphate khong tang.
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Tién hanh gidi bai toan t6i wu bang cach chap
muc tiéu theo thuat toan “ham mong doi”. Két qua
t6i wu héa thu duoc X, = 0,3 titc néng do6 hon enzyme
alcalase - papain thich hop cho qua trinh thay phéan
sun ca map la 0,3%, X,=50 tuc nhiét do thuy phén
thich hop cho qua trinh thiy phan 13 50°C, X; = 20 tirc
thoi gian thily phan thich hop 1a 20 gi¢. Khi d6 ham
muc tiéu (Y) - hiéu suat thu chondroitin sulphate dat

Nhiét do(

45.55) Néng as(0.»

.0.4)

Hiéu suat (%)

oF -6 O

<04
Hinh 5. Bé mit dap tng thé hién méi twong quan
giira ndng d¢ enzyme (X;) va nhiét do (X,) dén hieu
sudt thu chondroitin sulphate

Nhiet 86(45.55)

Thoi gian(1g 22)
Rt 22
2 2

Hiéu suat (%)

Hinh 7. Bé mit &4p tmg thé hién mdi twong
quan giita nhiét do (X,) va thoi gian X;) dén
hiéu suat thu chondroitin sulphate

96,97% va ham luong chondroitin sulphate, ham
lwong nito téng s6 ctia dich thiy phan dat teong tng
1a 40,5 mg/mL va 7,46 g/lit dich thiy phan.

Nhu vay, trong diéu diéu kién tdi vu vé nong do
enzyme, nhiét d va thoi gian thily phan thi hiéu suat
thu chondroitin sulphate dat 96,97% so v6i muc tiéu
mong muén tir mo hinh 13 94,53% (Hinh 8).

Thol r_nav\MB 22)

Néng d6(0.2,0 4)

Hiéu suat (%)

/\/dng 00/0 ?.”0',’:,, OB (O
Hinh 6. Bé& mit d4p tmg thé hién méi tuong
quan gitra néng d6 enzyme (X,) va thoi gian

(X,) dén hiéu suit thu chondroitin sulphate

| Sorted Parameter Estimates

Term Estimate Std Error tRatio Prob>|t|
Nhiétdo*Nhigtdo  -39.81917 0626784 -6353 <0001*
Nong d6(0.2,0.4) 16425 0425816 3857 <0001*
Nhiét d6(45,55) 144375 0425816 3391 <0001*
Thoi gian(18,22) 107875 0425816 2533 <0001*
Nong do*Nhiét do 124 0602195 2059 <0001*
Nong do*Thai gian 1041 0602195 -17.29 <0001*
Thoi gian*Thoigian  -9.704167 0.626784 -15.48 <0001*
Nhiét d6*Thoi gian 7425 0602195 1233 ] <0001*
Nong do*Nongdd  -7.474167 0626784 -11.92 <0001*

Hinh 8. Thit tir anh hudng ctia cac bién khao sat dén
hiéu suat thu héi chondroitin sulphate xép theo thit tu

gidm dan tir trén xudng
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Hinh 9. Méi trong quan gitta mé hinh Iy thuyét va thic nghiém ctia cic nhan t8 thiy phan dén qua trinh thiy
phan thu dich thiy phan tir vi sun c4 map

3.3. Thi nghiém kiém chimg

Tién hanh qua trinh thty phan sun ca map bing
cac thong s6 téi wu: nong do enzyme alcalase —
papain 1a 0,3%, nhiet do thiy phan 1a 50°C, thoi gian
thity phan 1a 20 gio. Thi nghiém duoc tién hanh 3 lan
cho két qua hiéu sudt thu chondroitin sulphate dat
96,97 + 1%. Dich thity phan c6 ham lwong nito téng va
ham chondroitin sulphate tuwong tng la 7,46 g/lit va

40,5 mg/mL. Két qua kiém chimg mot 1an nira khing
dinh tinh chinh xac cao ctia cac moé hinh da duoc xay
dung.

4. KET LUAN VA KIEN NGHI

Tir cac két qua nghién ctru & trén cho phép rat ra
mot s6 két luan sau:

ba nghién ctu va xac dinh duwoc khoang thong
s6 bien thich hop cho qua trinh thity phan sun cé
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map bang hén hop enzyme alcalase - papain: khoang
nong do enzyme thich hop 1a 0,1% - 0,5%, khoang
nhiét do thich hop 1a 40°C - 60°C va khoang thoi gian
thich hop 1a 16 - 24 gio.

Da tién hanh t6i vu hoa va thu duoc cac thong
s6 t6i uu cho qué trinh thiy phan sun c4 map bang
hén hop enzyme alcalase - papain: nong d6 enzyme la
0,3%, nhiet do thay phan 1a 50°C va thoi gian thiuy
phan 1a 20 gio. Kiém ching t6i wu hoa véi cac thong
s6 & trén c6 duoc hiéu suit thu chondroitin sulphate
trong qua trinh thiy phin sun ca map dat 96,97%.
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USING RESPONSE SURFACE METHODOLOGY FOR OPTIMIZING THE SHARK CARTILAGE
(Carcharhinus dussumiery) HYDROLYSIS PROCESS BY ALCALASE- PAPAIN ENZYME
MIXTURE

Dinh Huu Dong, Vu Ngoc Boi, Nguyen Thi My Trang
Summary

In this article, we present the results of optimization on shark cartilage (Carcharhinus dussumieri)
hydrolysis by a mixture of alcalase-papain enzyme. The our results show that the appropriate parameter
range for shark cartilage hydrolysis by alcalase - papain enzyme mixture: suitable enzyme concentration
range is 0.1% - 0.5%, the suitable temperature range is 40°C - 60°C and suitable time period is 16 - 24 hours.
Optimization results have determined the optimal parameters for the shark cartilage hydrolysis by the
alcalase - papain enzyme mixture: enzyme concentration is 0.3%, hydrolysis temperature is 50°C, and
hydrolysis time is 20 hours. The results of shark cartilage hydrolysis with the above parameters obtained
hydrolyzate with chondroitin sulphate collection efficiency of 96.97%.

Keywords: Optimization, alcalase - papain enzyme mixture, chondroitin sulphate collection efficiency, shark

cartilage hydrolysate.
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