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LOI CAM POAN

To1 xin cam doan day la cong trinh nghién ctru cua cad nhan té1. Cac so liéu,
két qua néu trong Luan an 1a trung thuc va chua ting dugc ai cong bo trong bat ky

mot cong trinh nghién ctru nao trude do.

Pinh Hiru Pong



LOI CAM ON

Dé hoan thanh Luan &n nay

Trude hét toi xin gui téi Ban Giam hiéu, Lanh dao phong Pao tao Sau dai hoc
va Ban Chu nhiém Khoa Coéng nghé Thuc phém su kinh trong, niém tu hao duge
hoc tap va nghién ctru tai Truong trong nhitng ndm qua.

Su biét on sdu sic nhat toi xin duoc gianh cho PGS.TS. Vi Ngoc Bdi -
Truéng Khoa Cong nghé Thuc pham - Truong Pai hoc Nha Trang va PGS. TS.
Nguyén Anh Tuén - B mon Cong nghé Ché bién Thity san da hét 1ong hudng dan,
gitp do toi trong subt qua trinh thyc hién luén an.

Xin chan thanh cam on cac thiy c6 phan bién di gop ¥ va cho nhiing 10i
khuyén quy bau dé luan an hoan thanh véi chét lugng cao

Xin cam on Lanh dao Trudng Pai hoc Cong nghiép Thyc pham - TP. H5 Chi
Minh da cho toi di hoc va tao moi diéu kién thuan loi cho toi trong qua trinh hoc tap
va thuc hién luan an.

Xin gri 161 cam on cac thay c¢6 gido trong Khoa Cong nghé Thyc pham da
gitp do va tao diéu kién thuan loi cho t6i trong qua trinh hoc tap tai trudng.

Dic biét, xin ghi nhd va to 1ong biét on sau sic dén gia dinh, ngudi than va

ban bé dd quan tdm, chia sé khé khan va dong vién toi dé toi hoan thanh luin an.
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TOM TAT NHUNG PONG GOP MOI CUA LUAN AN

Pé tai luan an: Nghién cizu san xudt bér dam thiy phan chiza chondroitin sulfate
tir sun c& mdp trang (Carcharhinus dussumieri) bang enzyme protease

Chuyén nganh: Céng nghé Ché bién Thay san M4 s: 9540105

Nghién cwu sinh: Dinh Hiru Dong. Khéa: 2014

Ngwoi hwéng dan: 1. PGS.TS. Vii Ngoc Boi

2. PGS.TS. Nguyén Anh Tuén

Co sé dao tao: Truong Pai hoc Nha Trang

Noi dung:

Luan 4n da thu duoc mot so két qua méi bo sung vao linh vuc nghién ctu thay
phan va tao bot dam thuy phan chira chondroitin sulfate tir sun ca map (C. dussumieri)
dinh huéng (ng dung trong thyc pham chitc ning:

1) Xde dinh dwoc cac thong so t6i wu cho qud trinh thuy phan sun ca mdp 1a: té
hop enzyme Alcalase: Papain vdi ty 1é 60/40, nong dé 0,3%; Ty 1é nguyén lidu:nuéc |1a
1/1; pH thich hop 14 6,8; nhiét do thuy phan I1a 50°C trong thoi gian 20 gio. Hiéu suat
thu hai chondritin sulfate 1a 96,97%. Dich dam thuy phan c6 nédng lieong dinh duwong:
20,42 Kcal/100 ml, ham lwong chondroitin sulfate: 40,5 mg/ml, Nito tong sé: 7,46 gll,
khoang téng so: 3,02 g/l, Zn: 7,63 mg/l, Mg: 205 mg/l, Fe: 4,78 mg/l, dich cd chira 18
logi acid amin va dat tiéu chuan vé sinh an toan thuc pham theo quy dinh hién hanh cia
Bo Y té.

2) Xdc dinh dwot Cdu triic ddc trung bao toan ca hai goc sulfate C4 va C6 cua san
pham chondroitin sulfate. San pham 1a hén hop gom 2 dong phan GlcA-GalNAc-4SO3-
va GlcA-GalNAc-6SO3-.

3) Xdc dinh dwoc céc théng sé toi wu cho qud trinh sdy phun tao bét dam chira
chondroitin sulfate t dich thuy phan sun ca mdap la: 12% chat mang maltodextrin, nhiét
dé buong sdy 1a 80°C, téc dg dong 12 ml/phdt va ap sudt buong say 2,5bar. Hiéu sudt
thu hoi chondroitin sulfate 1& 87,81%. San phdm cé ham lrong chondroitin sulfate 1a
203mg/g, nito tong so 5,04g/100g, tro tong so 3,95g/100g, do am 4,27% va dat tiéu

chudn vi sinh vdt dung trong thuc phdm theo qui dinh cua Bg Y té.
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4) Xdc dinh dwoc qui trinh san xudt bér dam thuy phan chiza chondroitin sulfate
tir dich thiy phan sun c& mdp tuoi bang enzyme protease ¢ quy mé thi nghiém. Sdn
pham bét dam chiza chondroitin sulfate dat tidu chudn vé sinh an toan thyc pham theo
quy dinh hién hanh cia B4 Y té.
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MO PAU

Chondroitin sulfate 1a thanh phan co ban ciu tao nén sun khép va cac td chic soi
chun (gan, co, day chéng. ..) gitp cho sy van dong linh hoat va tinh dan hoi trong hoat
dong khap, tao dd bén khi bi nén ép. Chondroitin sulfate ciing 1am ting san xuat chat
nhay va kha ning boi tron cua dich khdp, dam bao sy van dong linh hoat caa khap [21,
23]. Chondroitin sulfate con c6 vai trd bao vé sun khop bang cach tc ché cac enzyme
phé hay sun khép nhu collagenase, phospholipase A2, N-acetylglucosamindase. Vi vay,
chondroitin sulfate duoc sir dung dé hd tro diéu tri cac bénh Iy vé xuwong khép va han
ché qua trinh thoai hoa sun khap. Ngoai ra, chondroitin sulfate ciing gop phan nudi
dudng va tai tao c4c té bao cua giac mac mat [21, 23, 39].

Chondroitin sulfate chu yéu dugc thu nhan tir cac ngudn nguyén liéu tu nhién,
trong d6, cd sun ca ma dac biét la sun ca map do sun cd map thuong c6 ham luong
chondroitin sulphat cao hon sun cac loai dong vat khéac [21, 39]. Chinh vi thé, nguoi ta
thuong sir dung sun ca map duéi dang bot khd trong san xuat vién nén thuc pham chic
nang hd tro diéu tri cac bénh xwong khép [39, 43, 47+49]. Tuy thé, trong sun ca map,
chondroitin sulfate thuong lién két vai protein bang lién két o-glycosid tao thanh phuc
hop proteoglycan (glucoprotein) nam trong cau tric ciia md sun nén con ngudi rat kho
hap thu [21, 23, 24, 63]. Hién c6 mot sé nghién cau st dung tac nhan hoa hoc hoic
enzyme thuy phan sun c& khd hoc tuoi sau d6 két taa thu chondroitin sulfate dung trong
san xuat thyc pham chic niang [23, 39, 42, 63+70]. Tuy vay, viéc chi thu nhan
chondroitin sulfate din dén sy 1ang phi cac chat ty nhién tir sun ca va hiéu qua sir dung
trong diéu tri cac bénh ly vé xuong khdp khong cao ciing nhu gia thanh san pham cao
nén hiéu qua han ché [23, 39, 42, 44, 45, 63+70]. Bé khic phuc hién tugng nay, ching
t6i tién hanh nghién ciru sir dung enzyme trong thity phan sun c& map tuoi véi mong
muén tao ra dich thuy phan chira cac chat ty nhién tir sun ca va chondroitin sulphat dé
dinh huéng sir dung lam thuc pham chite nang cung cap cac thanh phan thiét yéu gidp
hd tro diéu tri bénh 1y xuong khép va chong thoai hoa xuwong khap.

Viét Nam ¢6 bo bién dai hon 3260km, san lwong khai thac thuy san 1on va trong
qua trinh khai thac thuy san, sé luong ca map mic ludi khé 16n [14, 23, 26, 27]. Hién c4

map dugc nguoi dan st dung dé thu cude ca phan con lai chiém ty trong 16n 1a sun cé&
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va vi c4 thudng phoi kho ban cho thuong 1ai Trung Quéc vai gia ré [38]. O Viét Nam,
viéc nghién ciu thay phan sun sun c& map tuoi con rat méi mé va chua c6 mét cong
trinh nao dé cap dén van dé nay. Do vay, Luan &n tién hanh: “Nghién cizu san xudt bt
dam thuiy phan chiza chondroitin sulfate tir sun c& mdp trang (Carcharhinus dussumieri)
bang enzyme protease”.

Muc dich cia luan an:

Tan dung ngudn nguyén lidu con lai - sun c& map tuoi trong ché bién tao dich thuy
phan va bot dam chira chondroitin sulfate va cac chat ty nhién tir sun ca map (C.
dussumieri) bang céng nghé sir dung enzyme protease than thién véi moi truong dé dinh
huéng si dung 1am thuc pham chire ning hd tro diéu tri chdng thoai hoa xwong khap.

Noi dung nghién cwu caa luan an:

1) Nghién cuzu thiy phan sun ca mdp (C. dussumieri) bang enzyme protease.

2) Padnh gid chadt lwong dich thiy phan sun c& mdp va xdc dinh cdu trdc
chondroitin sulfate.

3) Nghién cizu sdy phun tao bét dam thiy phan chiza chondroitin sulfate.

Y nghia khoa hoc ciia ludn an:

Luén an lan dau tién tién hanh nghién cttu mot cach toan dién tir cong doan thay
phan sun c& map tuoi, ... cho toi nghién cau siy khé tao bot dam thay phan chua
chondroitin sulfate. Do vay luan an c6 ¥ nghia vé khoa hoc, thé hién o chd da ching
minh riang c6 thé thuy phan sun c& map bang té hop enzyme protease va thu dich thay
phan chira cac chat dinh dudng tir sun ca map dé (ng dung trong thyc pham va say phun
tao bot dam thay phan chira chondroitin sulfate, ddy mot san pham hoan toan mai trudc
day chua co ai nghién ctru. Mat khac cac sé lieu nghién ctiu cua luan an 1a théng tin
khoa hoc c6 gia tri va tai liéu tham khao phuc vu cho viéc giang day, cac hoc vién cao
hoc va nghién ctru sinh quan tdm tai linh vuc nay.

Y nghia thye tién ciia luin an:

Luén an lan dau tién tao ra dich thay phan sun cad map va san pham bot dam thay

phan chira chondroitin sulfate, d& hap thu va tién lgi khi sir dung 1am thuc pham chic

nang. Dac biét san pham bot dam thay phan chira chondroitin sulfate thich hop cho



nhitng ngudi bi bénh vé xwong khdp, hon nita san pham khé dé bao quan va van chuyén.
Do vay, luan an cé ¥ nghia thuc tién cao 1a co sé cho viéc dinh hudng san xuat thuc

pham chire nang hd tro diéu tri chong thoai hoa xuong khép.



CHUONG 1. TONG QUAN
1.1. GIOI THIEU VE CHONDROITIN SULFATE VA UNG DUNG
1.1.1. CAu tric chondroitin sulfate

Chondroitin sulfate (CS) Ia mét polysaccharid, thuéc nhém heteropolysaccharid
goi la glycosaminoglycan (GAG), dugc tim thay trong ty nhién & dang mot polyme
mach thang gdm céac don vi co ban duoc cau tao boi 2 loai duong la N-acetyl-D-
galactosamine (GalNAc) va D-glucuronic acid (GIcA) xen k& nhau (polymeric D-
galactosamine and D-glucuronic acid). Cac goc dudng nay c6 thé dugc sulphate hoa hay
khong bi sulphate hoa [23, 63], mot s6 goc GIcA bi epime hoé thanh L-iduronic acid
(IdoA). Chondroitin sulfate 1a mot polyme ty nhién c6 chira 15+150 don vi cau tric cia
don vi co ban gdm 2 loai dudng 1a GIcA va GalNAc. Khéi luong phan tir caa CS thuong
bién dong trong khoang 10.000 + 100.000 Dalton [23, 37, 57, 65, 79, 84, 85].

Nam 1950, Julia Einbinder va Maxwell Schubert 1an dau tién phat hién va tach
chiét dugc chondroitin sulfate tir sun bang cach ky thuat chiét rat chondroitin sulfate
trong dung dich natri hydroxit 2%. Sau d6, Julia Einbinder va Maxwell Schubert da tinh
sach dugc chondroitin sulfate bang cach sir dung canxi clorua khi protein ra khoi dich

chiét, thu dugc chondroitin sulfate [65].

Nam 1986, Farndale W. R., Buttle D. J. va Barrett A. J. cdng b nghién cau vé
CS va cho rang CS thudng gan véi cac protein bang lién két o-glycosid tao thanh mot
phtcc chat proteoglycan (PG) (glucoprotein) - 1a hop chat hitu co thuéc nhém
mucopolysaccharid [56, 57, 65, 81, 84, 85].

Su két hop giita nhom sulphate (SO4%) véi cac nhém carboxyl (COO-) 1am cho
phan tir chondroitin sulfate c6 mat do dién tich &m rat cao dé dang lién két ddng hoa tri
Vi cac protein trong ciu tao cia PG. Trong ciu tric cua proteoglycan, CS thudng gan
v6i nhém OH caa acid amin serine nam trong chudi polypeptid cua protein. Cac nha
khoa hoc van chua biét dugc cach protein gan chon loc chinh xéac voi GAG. Tuy thé, ho
cho rang GAG duoc tong hop trong mang ludi noi bao va trong thé Golgi. Sy gan két
cua chudi GAG voi 4 goc dudong don theo phuong thirc ¢6 dinh 1a Xyl-Gal-Gal-GIcA
trong d6 xylose gan véi protein trong mang ludi noi bao, con cac phan tir duong khac
dugc gan trong hé Golgi [45, 48, 79].



Chondroitin sulfate 1a polyme ua nudc vi thé md sun c6 ham lugng nudc cao. Phan
tr dudng trong cau tric cua CS co thé khdng bi sulphate ho4, bi sulphate hoé 1 1an hay
2 1an, da phan nhdm OH & vi tri carbon 4 va 6 ciia GaINAc dugc sulphate hoa, di véi
mot s6 chudi GAG c6 thé bj sulphate hoé & vi tri 2 cua GIcA. Qué trinh sulphate hoa 1a
nho cac enzyme sulfotransferase dac hiéu. Viéc sulphate hoa ¢ cac vi tri khac nhau tao
nén hoat tinh sinh hoc dic thi cho CS [39, 45, 48+50]. Trong co thé séng, cac PG va
GAG giir vai trd quan trong trong nhiéu qué trinh khac nhau nhu: diéu hoa hoat dong
enzyme va su bam dinh, phét trién va di thuc cua té bao [39, 45, 48+50]. GAG con c6
chuc ning cau trac va diéu khién trong co thé song. Vé cau trdc, no la thanh phan chinh
ctia mo sun. Vé diéu khién, CS rat dé gan két vai protein trong mé té bao nho c6 dién
tich &m, mdi quan hé nay rat quan trong cho viéc diéu hoa céc hoat dong cua té bao.
Phén tir PG cia md sun (chtra khoang 80+100 mach CS) cung véi protein va acid
hyaluronic tao thanh mét phurc hé thuy dong hoc ¢ kha nang nén thuan nghich gitp cho
md sun chdng lai sy ép nén vai su bién dang nho nhat [38]. Cong thirc va cau tric hoé
hoc cua mot don vi trong cau tric cuaa chondroitin sulfate (C1aH2:NO14S)n dugce trinh
bay ¢ hinh 1.1 va 1.2.

COOH
O ™~0__ H,COR,
OR;
HN CH3

- = n

Hinh 1.1. Céu tric hoa hoc ctia mot don vi trong chudi chondroitin sulfate [23,56]
Chondroitin-4-sulphate: R1 = H; R2 = SO3H; Rz = H.

Chondroitin-6-sulphate: R1 = SOsH; Rz, Rz = H.

— ] 3';‘%{" :
e
0 =
ol o3
OH N s
— o) o)
~ 0
'S'D 8] HO DHS;‘J
Sy A
_ ¢ % _ s

Hinh 1.2. Ciu tric mach cia cac chondroitin sulfate [23, 56]
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Chondroitin ¢6 3 loai chinh 13 A, B va C duogc dic trung boi s6 lwong va vi tri
cta nhdm sulphate trong disaccharid 1ap lai cua chudi polysaccharid. Chondroitin
sulfate A: gbc sulphate gan & vi tri C-4 (chondroitin-4-sulphate, GlcA-GalNAc-4S,
CS4) (Hinh 1.3), két hop véi protein tao nén chondromucoid va c6 nhiéu ¢ mé sun.
Chondroitin sulfate C: géc sulphate gan ¢ vi tri C-6 (chondroitin-6-sulphate, CS6).
Chondroitin sulfate B (IdoA-GalNAc-4S, CS4): acid iduronic thay thé acid
glucuronic (hinh 1.4). CS4 con dugc goi la dermatant sulphate (iduronic acid thay
cho glucuronic acid), thudng ¢ nhiéu & da, ngoai ra con gap ¢ van tim, gan, thanh
mach. Vi tri bi sulphate hoa & C-4 ciia GIcNAc va C-5 cua glucuronic acid bi epime
hoda thanh iduronic acid [23, 56] .

Loai A va B (CS4) thuong duoc tim thay ¢ sun dong vat c6 vi (bo va lon), nguoc
lai loai C (CS6) thuong dugc tim thay cha yéu & céac loai ca sun (ca map, ca dudi, ...)
[56, 63, 81, 88, 94]. Tuy nhién, CS tir cAc ngudn nguyén liéu khac nhau rat da dang
vé cau tric va kich thudc, ching chira nhiéu hay it cac isome cua CS, c6 téi 16 isome
cua CS, phu thudc vao vi tri sulphate héa cua cac cap duong doi tao nén 16 isome/
mdi cip. Trong d6 CS A va CS C la nhitng thanh phan cha yéu hinh thanh PG,

SO CHyO SOH  CHgO
% w

Hinh 1.3. C4u tric mét don vi cia Hinh 1.4. C4u trac caa chondroitin

chondroitin sulfate A sulfate B

CHyS

CooH ©
o HHAE
o oH
OH

Hinh 1.5. C4u trdc caa chondroitin sulfate - C (GlcA-GalNAc-6S) - CS6

Ngudi ta tach chiét dugc CS trudc khi cau tric cia né duoc xac dinh. Do vay,

tén goi ciia CS ciing c6 sy thay d6i. Phan loai CS dugc tém tat trong bang 1.1.
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Béng 1.1. Phan loai chondroitin sulfate [23, 56]

Tén

Vi tri bi sulphate hoa

Tén phan loai

Chondroitin sulfate A

Carbon 4 cta duong - N-
acety-D-galactosamine
(GalNAc)

Chondroitin-4-sulphate (CS4); &
nguoi cd trong: sun khép, giac
mac, da, thanh mach, ...

Chondroitin sulfate B|Carbon 4 cua GalNAc —

: L Chondroitin-4-sulphate (CS4)
(Dermatant sulphate) L-iduronic acid

Chondroitin sulfate C Carbon 6 cua GaINAc  |Chondroitin-6-sulphate (CS6)

. Carbon 2 cua glucuronic|Chondroitin-2,6-sulphate  (C2,
Chondroitin sulfate D .
acid and 6 cua GaINAc |6S)
. Carbon 4 va 6 cua|Chondroitin-4,6-sulphate  (C4,
Chondroitin sulfate E
GalNAc 6S)

CS tinh ché 1a chat bot mau trang hoic trang nga, tan tot trong nuwdc va rat dé hat
am nhung khong tan trong ethanol, methanol, acetone, ... Khéi luong phan ti cua CS
nguyén liéu thuong dugc sir dung trong ché pham thuéc vao khoang 15.000 + 20.000
Dalton [23, 56].

1.1.2. Ky thuat thu nhan chondroitin sulfate

CAu trlic phan tir CS rat da dang va phic tap nén nguoi ta chua thé tong hop duoc
CS bang con dudng tong hop hoé hoc. Hién nay nguoi ta mai chi tong hop duoc cac
mach oligosaccharid ngan c6 trinh tu gibng mot doan mach CS nhu mot s6 CS ¢ dang
tetrasaccharid (4 goc duong don) c6 kha ning kich thich sy phat trién va phan hda caa
neron than kinh, con phan tir CS dang disaccharid thi khéng c6 tac dung trén [23, 56].
CS thd méi chi dugc thu nhan duy nhét tir cac ngudn tu nhién bang con duong chiét rat
CS tir c&c loai md sun dong vat. Sun vi c& map (xuong so, xwong séng, Vay, ...) la ngudn
nguyeén lidu thu nhan CS phé bién nhat ding 1am thudc va ché pham b sung dinh dudng
[58, 63, 66]. Trong md sun caa dong vat, chondroitin sulfate lién két chat véi protein
tao thanh dang phtc proteoglycan. Vi vay, mudn thu nhan CS, viéc dau tién ngudi ta
phai tach CS ra khoi protein nho viéc 1am yéu mdi lién két gitra CS-protein va phan huy

protein dé giai phong céac phan tir CS [23, 56].
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* Cac phwong phap thu nhan chondroitin sulfate tho

Qua trinh thu nhan ché pham CS thé tir sun ¢4 c6 thé dugc thuc hién bang phuong
phap hoa hoc hoic phuong phéap sinh hoc (dung enzyme) dé thuy phan sun ca [23, 44,
56, 58, 81]. Trong phuong phap hoa hoc, md sun dwoc xir Iy bang nudc néng hoic dung
dich mudi hozc kiém (NaOH) hoic acid (HCI, CHsCOOH,...) dé tach GAG khoi céc
phan tir (protein, hyaluronic acid, ...) [56]. Phuong phap nay di dwoc 4p dung dé thu
CS tir sun ga, sun bo [23, 57, 63, 65, 71, 88]. Tuy nhién, nhugc diém cta phwong phap
hoa hoc 1a phé v céc lién két glycosid caa CS khi thu nhan CS.

Phuong phap sinh hoc ding enzyme dé thuy phan mé sun, day 1a phuong phap c6
hiéu qua dé thu nhan CS. Do CS khéng bi bién ddi vé cau tric, giit duoc hoat tinh sinh
hoc va phuong phép nay khong gay 6 nhiém méi trudng do cac hda chat (mudi, kiém,
acid,...) gay nén. Mot s6 nghién ciru cho rang c6 thé sir dung enzyme protease (papain,
actinase, pronase,...) dé thuy phan sun giai phong GAG khoi céc protein lién két. Sau do,
loai bo protein thi CS duoc tach ra va tinh sach. Phuong phap nay da dugc dung dé thu

nhan GAG tir da xwong c4 Labeo rohita [63], sun caa muc, ¢ map, ca sau, ca dudi, ...

Céac chudi dai hydrophilic polyme GAG khong tan trong ethanol, acetone va
methanol. Vi vdy, nguoi ta ¢ thé sir dung cac dung méi hitu co dé két taa thu CS thd.
Mot s6 nghién ctiu cho thay ethanol 60+80% c6 kha ning két taa dugc CS va tach CS
ra khoi cac polysaccharid khac [56].

* Cac phwong phap tinh sach chondroitin sulfate

Ché pham CS thé thu duoc thuong co chira mot lwong tap chat, chang han nhu
collagen, protein, hyaluronic acid, mudi khoang, ... Do vay, nguoi ta can phai tién hanh
cac budc tinh sach dé loai c4c tap chét trén. Dé thu CS tinh khiét, nguoi ta ¢d thé sir
dung cac mudi cta ammonium nhu cetylpyridium chloride (CPC) hoic
cetyltrimethylamnonium bromide (CTAB) dé tao phuc két tua véi cac GAG va céc
polysacharid khac sau d6 loai collagen ra khoi két taa [56]. Cac GAG c6 goc sulphate
trong phuc hop két tia CPC-GAG va CTAB-GAG sé bi hoa tan trong mot s6 mudi NaCl
hoic KCI & nong do thap (0,3+0,4M). Sau khi loai bé cac GAG c6 gdc sulphate nhu
hyaluronic acid, chi con lai tia CPC-GAG va CTAB-GAG [56]. CS trong phuc tua
CPC-GAG va CTAB-GAG sé& dugc hoa tan phan Ién trong mot sb loai mudi ¢ nong do
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cao (0,9-2,0M KCI; 2,0M NaCl; 1N MgCl; va 0,7N+1,5 M MgSOs.,...), sau d¢ tiép tuc
tinh ché bang tham tich va két tua bang dung méi hitu co dé thu CS tinh khiét. Scott cho
ring phuong phap trén 1a phuong phap hiéu qua dé tach va tinh sach cac loai
polysaccharid va nucleic acid ra khoi CS [56].

CS la mot polyanion c6 dién tich &m (-) rat cao, nén CS rat d& lién két va bam
dinh trén cac cot sic ky. Vi vay, ngudi ta ¢d thé tinh sach CS bing sang loc phan tir nho
c4c cot sic ky trao d6i ion (DEAE-Sephacel, DOWEX 50, DEAE-Cellulose, ...) hoic
bang sic ky loc gel (Sepharose CL-6B, sephacryl S-300, sephadex - G25, ...) [56].

* Cac phwong phap dinh tinh va dinh lwong chondroitin sulfate

Nguoi ta thuong xac dinh ham lugng CS dua vao sy thay d6i quang phé hap thy
cua chit mau DMMB (1,9-dimethylmethylene blue) khi gin véi CS. Trudce tién, ngudi
ta hoa tan bot CS kho vao nude di loai ion dé nhan dung dich 8+12% (w/v) va xac dinh
ham lugng CS cua dung dich theo k¥ thuat cta Farndale va cong su, d6 1a dung CS4 va
CS6 tinh khiét 1am chat chuan va do do hap thu cua dung dich mau & buéc séng 525nm
trén may quang pho [36, 41]. Nguai ta c6 thé xac dinh do tinh sach caa CS bang phuong
phap sic ky long hiéu nang cao HPLC, sic ky long khéi pho LC-MS, quang phé hdng
ngoai FTIR-KBr, dién di trén gel SDS-PAGE hoac agarose. Ham luong CS cua cac loai
sun dong vat khac nhau ciling khac nhau (bang 1.2).

Bang 1.2. Ham lwong chondroitin sulfate ciia mot s loai sun dong vat [23, 56]

STT Nguyén liéu CS4 (%) CS6 (%) Loai CS
1 | Vaycéamap 9,60+1,05 | 876+0,96 | CS6, CS4
Sun ludi heo 14,84 +0,38 | 13,54+0,35 | CS6, CS4
Xuong suon 556+0,96 | 508+0,87 | CS6,CS4

’ Xuong Grc 11,55+ 0,88 | 10,54 0,80 | CS6, CS4
Cb hong 951+1,99 | 8,68+181 | CS6,CS4

3 | Ca dudi 5,27+0,91 | 4,81+0,84 CS6, CS4
4 | Xwong ludi hai ciaga | 14,08 £2,51 | 13,38 +4,74 | CS4, CS6
5 | Sun mii bo 11,50 CS4, CS6

Nhu vay, ham lugng CS trong cac nguyén liéu sun vao khoang 10,0+28,3%,




phan I6n chaa ca 2 loai CS4 va CS6.
1.1.3. I'Tng dung cua chondroitin sulfate

CS di duoc st dung rong rai nhu mot ché pham thuc pham bé sung dinh dudng
(dietary supplements) cho con ngudi va ngay cang dugc mo rong tng dung trong cac
linh vuc khac nhau, nhat 1a linh vuc y hoc, dic biét trong diéu tri cac bénh 1y xwong
khép [12, 35]. CS c6 mot sb ttng dung nhu sau:

* U'ng dung trong y hoc: CS duoc ng dung trong diéu tri mot sé bénh sau:

+ Bénh khép (osteoarthritis): Nhiéu nghién cau trén thé gioi [6, 21, 39, 42, 44,
47, 48] cho thiay CS duoc tng dung rong rai trong diéu tri cac bénh ly vé xuong khap,
dic biét 1a bénh viém khép theo cac co ché:

- Giam dau, khang viém, giam sung khép do thuc day tao ra dich 6 khép.

- CS con dugc tim thay trong hoat dich, chat long bao quanh khép, gitp boi tron
khép, ting su mém mai cia khop.

- Tham gia vao cau truc téi tao sun khap.

- B4o vé khop bang cach wc ché cac enzyme pha hity sun khép nhu collagenase,
elastase, proteoglycanase, phospholipase A2 va N-acetylglucosamindase, kich thich
hoat dong cac enzyme x(c tac phan &ng tong hop hyaluronic acid gitip khép hoat dong
tt. Diéu tri CS véi lieu 800 mg/ngay trong 3 thang vai lidu trinh 2 dot mot nam c6 tac
dung giam dau va cai thién chirc nang r6 rét & bénh nhan bi viém khép. Cac nghién cau
dugc ly tai chau Au trong khoang 10 nam gan day cho thdy CS duogc sir dung diéu tri
cho bénh nhan ma khéng c6 mét phan tng phu nao xay ra.

+ Bénh vé mat: CS Ia chat sinh Iy cta giac mac, giap duy tri d6 trong sudt cho
mét, tao do nhét thich hop va bdi b ndi mé gidc mac, nudi dudng céc té bao gidc mac
mét, tai tao 16p phim nudc mét truéc gidc mac, ting cudong d6 dan hdi cua thau kinh,
chéng tinh trang knd mat. Mac Rae va cong sy da chi ra CS ¢6 tac dung giam sy ton
thuong thau kinh mat. CS duoc ding trong thuéc nho mat dé phong ngira va diéu tri cac
tinh trang kh mat, moi mat, thoai hoa véng mac [21]. Ngoai ra CS con dugc sir dung
dé diéu ché chit nhay thudong dugc dung trong phau thuat 1y thay tinh thé va dat thuy
tinh thé nhan tao nham bao vé biéu md va noi md caa giac mac [21, 23]. Cong ty TNHH
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Rohto-Mentholatum (Viét Nam) di san xuét thuéc nho mat New V. Rohto ¢6 chira CS
dé chira cac bénh: moi mét, xung huyét két mac, bénh mat do tia cyc tim hay céc tia
sang khac, nhin mo do tiét dich, mét ngta, viém mi,...

+ Céc bénh khac: CS cua sun ca map dugc mot sé ¢ong trinh nghién ciu ching
minh c6 kha ning wc ché mot s loai ung thu. CS tinh ché tir sun c& map c6 kha ning
trc ché sy hinh thanh c&c vi mao mach tan sinh ma cac mé ung thu rat can dé phat trién,
nén co thé han ché sy phat trién cua khéi u &c tinh. CS cuing véi mitomycin C ¢d thé wc
ché cac té bao ung thu b trudng sarcoma 180 [21, 79]. Mot s6 nghién ctiu cho thay sun
c& map ciing c6 kha ning giup ting cuong hé mién dich nén gidp giam nhe cac ching
mién dich nhu thap khép, dau nhire xwong (phong thap), vay nén, cham (eczema), luput
ban do, ... [79]. Nhiéu nghién cau cho thiy CS c6 kha ning ting cuong khang viém, wc
ché sy tiét cac cytokine tién viém TNF-a, interleukin-1p, nitric oxid va cac gbc oxy hoa
tu do [79].

* Céc wng dung khac: CS con duogc tng dung trong san xuat cac loai my pham
(dudng toc, dudng va gitr am da, ...). CS con cé trong thanh phan cac ché pham chua
gelatin (thuc pham, my pham, thudc, nguyén liéu cdng nghiép va 1am anh). Nguoi ta
con cho rang CS cd thé dung dé diéu tri va ngan tic nghén dong mach, c¢é tac dong chong
d6ng mau [88]. Ngoai ra, CS con co tac dong diéu khién té bao, 1am tang sinh mot s6
loai té bao bach cau, ting tong hop RNA trong té bao sun nudi cdy do d6 lam ting tong
hop proteoglycogens va collagens, thiic day sy tich liiy hyalin trong gan, tuy va hat
lympho [94]. Tir thap nién 70, mot s6 nghién cau cho thiy ca map khong bi ung thu.
Sau d6 ngudi ta nghién ciru va sir dung sun ca map (Shark cartilage) dé tao ra céc loai
vién nén chira sun ca map sir dung dé “ngtra ung thu” va mot sé loai bénh ty mién dich
hodc “lam cho sang mat”. Co ché tac dung cua sun c& map trong diéu tri ung thu dugc
cho rang sun ca map tinh ché co chira cac chat c6 kha niang wc ché sy hinh thanh céc vi
mao mach tan sinh ma cic mo ung thu rat can dé phat trién do vay sun c& map sé giup
han ché su phat trién cua cac khdi u ung thu. Sun c& mép ciing c6 kha ning tc ché hé
mién dich nén gilp giam nhe cac chang mién dich nhu thap khop, dau nhic xuong

(phong thap), vay nén, cham (eczema), luput ban do, ... [21, 79].
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1.2. TINH HINH KHAI THAC VA SU DUNG SUN CA MAP
1.2.1. Tinh hinh khai thac ca map trén Thé giéi va Viét Nam

* Tinh hinh khai thac ca map trén Thé giéi

Ca map 1a mot loai ca séng pho bién & céc vung bién trén khip thé gii. Theo thdng
ké cua cac nha khoa hoc, hién nay trén thé gigi co hon 420 loai ca map véi cac kich c&
khac nhau. Viéc khai thac, danh bat cd map da trd thanh mot nghé ndi troi, thu hat da sé
ngu dén tai cac nudc giap véi bién trén thé gisi [38, 54]. Nguoi ta danh bat cd map chu
yéu dé lay vi ca, do vi cA map c6 gia tri rat 16n trén thi truong thé gisi. Hién nay, nhiing
nudce danh bat va tiéu thu vi ca map 16n nhat thé gii 1a My va Trung Quéc. O Viét Nam
cling c6 nhitng vung khai thadc cd map nhu Pha Yén, Nha Trang, Binh Dinh, ... [14]

Viéc bubn ban vay ca map 1a mot dong luc chinh thuc day hoat dong khai thac ca
map trong nganh thuy san trén thé gigi, hau hét trong s6 d6 khong duoc quan 1y trén co
s& loai cu thé. Bac khu hanh chinh Hong Kong cua Trung Quéc, mét trong nhitng trung
tam thuong mai mua ban vay ca map Ién nhat thé gioi, da duoc théng ké danh gia mot
phan vao nam 1999-2001. Nguoi ta cho rang Hong Kong la thi truong nhap khau mot
luong dang ké vay c& map va vay ca map nhap khau duoc tiéu thu trong nuéc hoic tai
xuat khau (FAO 2016). Clarke va cong su (2006) cho rang cac nha nhap khau Hong
Kong ban dau gia khoang 20% s6 vay ca map nhap khau sau khi phan loai chiing thanh
khoang 30 danh muc san pham thuong mai [38].

Sy syt giam s6 lugng ca map trén Thé gidi duoc cho 1a do danh bat qua mac nhiéu
loai ca map trén khap thé gioi co lién quan dén viéc mua ban vay cua ching dé sir dung
trong ché bién sp vay ca map. Miac du vay, phan Ién céc giao dich thuong mai vé vay
C& map trén toan cau rat it duoc giam sat. Hién co rat it qudc gia danh ca luu giit dir liéu
mét cach chinh xac vé viéc danh bat c& map theo loai. Theo sé liéu théng ké ké tir 1an
kiém tra Hong Kong vao nim 1999-2001, sé lwong mua bén vay cad map hang nim da
giam tir 44+59% xudng con 1a 30+50%. Tuy vay, hién van cé khoang 83 quéc gia trén
thé giGi 6 hién tugng nhap khau va kinh doanh vay ca map. Do vay, hién rat kho danh
gia dugc chinh xac khéi luong vay ca& map budn ban, tiéu thu trén thi trudng [38, 54].

* Tinh hinh khai thac ca map & Viét Nam

Hién khdng c6 s6 liéu chinh thirc vé tinh hinh khai thac cd map & Viét Nam. Hién
& Viét Nam chi c6 duy nhat mot bao cao vé két qua diéu tra tinh hinh khai thac ngudn
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loi cA map ctia Nguyén Vian Long va V& Si Tuan - Vién Hai duong hoc Nha Trang thuc
hién trong giai doan 2010 + 2011 tai 6 tinh ven bién cé nghé khai thac ca map chinh ¢
Viét Nam gém Quang Ngi, Binh Dinh, Phi Yén, Khanh Hoa, Ninh Thuan va Binh
Thuan. Két qua diéu tra caa Nguyén Vin Long va V& Si Tuén cho thay c6 khoang 530
tau thuyén dang tham gia khai thac c& nham/map, nhiéu nhat 12 Binh Thuén (181 chiéc),
Binh Dinh (140 chiéc), Khanh Hoa (98 chiéc), Phu Yén (74 chiéc), Quang Ngéi (32
chiéc) va Ninh Thuan (5 chiéc) [14]. Két qua diéu tra cling cho thay c6 6 loai nghé khai
thac ca map (cau ca map, cau cé ngur, ludi can, ludi ba mang, ludi vay va lan) hoat dong
tai 3 ngu truong tap trung ¢ khu vuc ven bo Quang Ngai, Binh Dinh va Phu Yén, khu
vuc B Kham - Truong Sa - gian khoan Viing Tau va ving nudc giap Malaysia, Brunei,
Indonesia véi mua vu khai thac tir thang 2 = 10 hang nam. Két qua diéu tra ciing cho
thay c6 trén 13 loai ca map duoc khai thac véi niang suét trung binh cua nghé cau cao
nhét (0,53 tin/ghe/thang), tiép dén 1a nghé ludi vay (0,50 tan/ghe/thang) va nghé cau cé&
ngtr dai dwong (0,18 tan/ghe/thang). Céc dia phuong c6 san luong khai thac cao 1a Binh
Thuan (886 tin/nam), Binh Pinh (201 tin/nam) va Pha Yén (186 tan/ndm). Két qua diéu
tra cia cac tac gia trén ciing cho thay cd sy giam manh vé s6 lugng phuong tién tham
gia khai thac c& map (giam 16,7 - 85,8%), vé ning suat (giam 14,4 - 83,8%) va san luong
khai thac (giam 58,4 - 99,4%) cua tung loai nghé khai thac tai cac dia phuong so vai 10
nam trude ddy. Nam 2010, tong san luong khai thac ca map vao khoang 1.130 tan/nam.
M6t s6 tinh dugc hd tro khai thac, c6 san luong danh bat ca map cao 1a Binh Thuan (886
tan/nam), Binh Dinh (201 tan/nam) va Pha Yén (186 tan/ nim). Két qua diéu tra caa cac
tac gia Nguyén Vian Long va V& Si Tuén ciing cho thdy nguon lgi c& map bién da bi
khai thac qua mirc, dac biét 12 & ving bién ven bo Viét Nam [14].

Hién nay do quy dinh ciia cong wéc Qudc té vé viéc han ché danh bét va khai thac
ca& map, cac tau thuyén khai thac thay san cua Viét Nam khong duoc phép danh bét ca
map nén san luong khai thac c& map giam, ca map khai thac chu yéu 1a dang ca map
dinh vao day cau ca ngir hoac bi mac luéi khai thac cling véi cac loai ca khac. Tuy vay,
hién nay khong c6 s liéu thong ké vé san lwong khai thac ca map tai Viét Nam [14].
1.2.2. Mt s6 san pham tir sun ca map

Sun ca map duoc cho 1a c6 nhiéu dudng chat quy hiém tir thién nhién nhu collagen,

chat dam, khoang chat thiét yéu can thiét cho co thé con ngudi nhu calcium, phosphate,
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k&m, ... dac biét 1a ¢ chira chondroitin sulfate nén duoc sir dung 1am thuc pham chic
ning diéu tri cac bénh 1y vé xuong khdp va ting cuong sic khoe. Hién nay, trén thi
truong ¢6 nhiéu san pham sun ca map dén tir cac quéc gia khac nhau nhu My, Canada,
Uc, ... Trong d6, cac san pham sun ca map cua My ludn dugc nguoi dung tin tuéng vé
chat lwvong va d6 an toan. Hién c6 mot sé san pham ¢ ngudn géc tir sun c& map nhu san
pham Now Shark Cartilage 740 mg va 750mg - ddy san pham bot sun c& map cua My.
San pham nay duoc quang co 1a ngudn bd sung chat dinh dudng va khoang chat tt cho

suc khoe con nguoi [23, 54].
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1.3. MOT SO NGHIEN CUU VE THUY PHAN SUN CA MAP
1.3.1. Trén thé giéi

Trén thé gidi hién da c6 mot s6 céng trinh nghién ctru thu nhan chodroitin sulfate
bang phuong phap hoa hoc nhu st dung HCI, NaOH, ... Tuy vy, hién c6 rat it cong
trinh nghién ctru sir dung enzyme protease trong thu nhan chondroitin sulfate tir tu nhién
[54, 58, 74, 84, 86, 92+ 98] .

Nim 2006, Kang C. W. va cac cong su - Truong Dai hoc Konkuk, Han Quéc d tién
hanh nghién ciu va chiét xuat mucopolysaccharid-protein chira chodroitin sulfate tir syn
ga va nhan thiy co thé sir dung enzyme alcalase 2% trong xir Iy sun ga dé thu nhan

mucopolysaccharid-protein. Tuy nhién Kang C. W. van chwa thu dugc CS tinh khiét [67].
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Anakano T. va Ozimek L. - Khoa Khoa hoc Thyuc pham va Dinh dudng - Pai hoc
Meiji Nhat Ban (2000) di tién hanh nghién ctru chiét xuét chodroitin sulfate - peptid tir
sun miii trau, bo va nhan thy st dung HCI 6M & 110°C dé xt Iy md sun miii trau trong
24h s& thu duoc CS véi hiéu suét thu hdi CS cao nhat. Tuy vay, cong trinh nghién ctu
nay ciing cho thiy st dung HCI thay phan sun 1am anh huong dén chat luong CS thu
duoc do lam mat géc sulphate 4 caa CS [76].

Xei J. va cong su - Khoa Khoa hoc Thuc pham - Trudng Pai hoc Bac Kinh Trung
Qudc (2014) da st dung nhiéu loai enzyme nhu papain, bromelin, alcalase, neutrase va
enzyme tuy tang trong thuy phan sun c& map dé thu nhan CS va collagen cho thay
enzyme neutrase cho hiéu qua thu CS cao nhat [95].

Nam 2010, Anlin Lim va cong su - Khoa Khoa hoc Sinh hoc va Céng nghé Sinh
hoc - Pai hoc Khoa hoc va Cong nghé Tay Nam Trung Qudc da tién hanh nghién ctu
phan tich cau tric va thu nhan chondroitin sulfate tir sun thanh quan lon. Nhung nghién
ctru ndy str dung phuong phap tinh ché CS bang acid tricloacetic, khong duoc khuyén
khich trong thuc pham [36].

Vittajanon M. va cong su - Bo mon Cong nghé thuc pham - khoa Néng nghiép,
Truong Pai hoc Prince Songkla, Hatjai, Thai Lan (2014) da tién hanh nghién ctu san
Xuat CS thd tir sun vit va nhan thay khi két hop NaOH va enzyme alcalase trong thay
phan sun vit sé¢ thu nhan dugc CS véi ham lugng cao hon. Tuy nhién khi sir dung NaOH
s& lam mat gdc sulphate ¢ vi tri s6 6 trong cau triic cua CS [93].

Cheng Chang Yu va cong su - Truong Pai hoc Khoa hoc Thyc pham va Cong
nghé - Truong Pai hoc Hai Nam - Trung Quédc (2014) d3 tién hanh nghién ctu thu nhan
CS tir san pham phu cua ¢4 rd phi theo phuong phap thity phan bang kiém loang véi sy
hd trg cua 16 vi song. Tuy nhién phuong phap nay dat hiéu qua khdng cao va ham luong
CS thu duoc thap, khé c6 kha nang san xuat & quy mé lén [51].

Shomashekar P. L. va cong su - Truong dai hoc Dugc, An D6 (2011) di nghién ciru
dinh lugng CS trong thudc vién bang phuong phap so mau sir dung thude thir Methylen
Blue. Tuy nhién phuwong phép nay chi chinh xac khi thuc c6 ham lwgng CS I6n [85].

Xie J., Ye H. Y. va Luo X. F - Truong Pai hoc Cong nghé Chiét Giang - Trung

Qudc (2014) da tién hanh nghién cau thu nhan chondroitin sulfate va collagen peptid tir
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sun cad map theo k¥ thuat thiy phan bang enzyme neutrase & nhiét ¢o 45°C, trong thoi
gian 5 gio, ti 1€ dung moi/nguyén liéu la 10 ml/g. Sau @6, chondroitin sulfate dugc tinh
sach qua cot DEAE-Sepharose vai hiéu suat dat 88,4% va hiéu suat thu peptid collagen
dat 78,3%. Mac du hiéu suat thu chondroitin sulfat trén 70%, nhung khi tinh sach

chondroitin sulfate bj mat goc sulfate & vi tri s6 4 [95].

Nadezhda E. U. va cong su (2018) da nghién ctu thu nhan CS tur hai sam
Cucumaria frondosa. Két qua cho thay c6 thé thu nhan CS tinh ché bang k¥ thuat sac
ky trao d6i anion. Tuy vay, sau khi tinh ché CS bi mat gc sulphate & vi tri s6 6 [ 75].

Tur c&c phan tich & trén cho thdy trén thé gidi da cé mét sé nghién cizu thizy phan
sun déng Vdt nhuw sun cé rd phi, sun ga, sun c& mdp, ... bang phwong phdp thiy phan si
dung tac nhan héa hoc hodc phei hep giiza tac nhan héa hoc va enzyme protease. Tuy
vdy, cac nghién cizu trén thé gidi chi tap trung vao viéc két tia thu riéng chondroitin
sulfate nhwng véi hiéu qud thdap va chondroitin sulfate thwong bi mat goc sulfate & vj tri
s6 4 hodc sé 6. Hon nira, khi sir dung tac nhan héa hoc trong thiy phan sé 1am cho san
pham khéng “xanh” va “sach”. Vi vdy, viéc nghién citu thiy phan sun dong vdt bang
enzyme protease than thién véi méi truong la hwéng nghién cizu can thiét va ding dan.
1.3.2. Trong nudc

O Viét Nam hién hau ciing chi ¢ mot cong trinh cia Tran Canh Dinh, V5 Hoai
Bic, P& Ngoc Tu - Vién Hai san Hai Phong (2010) cong b nghién ciu thu nhan CS tir
sun c4 dudi va sun ca nham kho. Tran Canh Pinh, V5 Hoai Bic, B Ngoc Tu di tién
hanh str dung protease ngoai bao cuia B. subtilis B26 dé thuy phan sun ca dubi (Dasyatis
kuhlii) va sun c& nham khé (Carcharhinus sorrah). Két qua nghién ctru cua céc tac gia
nay cho thay sir dung ché pham enzyme protease tir B. subtilis B26 cho két qua thu nhan
CS kha quan hon. Tuy nhién thoi gian thily phan kéo dai va chua xac dinh dwoc cau tric
cua CS [23, 26]. Nhom tac gia trén di xac dinh duoc diéu kién thiy phan téi uu cua
enzym protease tir B. subtilis B26 trén co chat sun ca la ty 1& sun cé kho: ty & 0,4ml
(0,17 Ul/ml) enzyme/1g xwong sun c4, thoi gian thuy phan la 12 gio, pH 8,5 va nhiét do
50°C. Thoi gian nudi cay ching B26 cho hoat tinh enzyme cao nhat 1a 72 gio [26].

Vii Thi Thanh Tam - Trudng Pai hoc Nha Trang (2012) do V6 Hoai Bic hudng

dan da tién hanh nghién ctru thu nhan chondroitin sulfate tir nguyén liéu thiy san bang
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phuong phép sinh hoc sir dung protease tir chung B. subtilis B26 dé thiy phan sun ca
dudi va ca nham kho cho két qua tuong tr [34].

Tur cac phan tich & trén cho thdy ¢ Viét Nam va trén thé gidi da ¢ mét s6 nghién
cizu thu nhan chondroitin sulfate tir sun déng Vdt trong dé ¢é sun cé. Tuy Vay, da sé cac
cdng trinh nghién citu theo huréng sir dung tac nhan héa hoc dé tdc dong vao sun déng
vdt nham thu nhdn CS ing dung trong thuc phdm hodc mj pham hay diroc pham. Viéc
st dung tac nhan hoa hoc ¢é nhwroe diém 1a gay 6 nhiém méi truong va CS sé bi phan
hiy goc sulphate hogc bi phan cat ngen cdu tric dan dén hoat tinh CS by thay doi. Hién
dd cé mét vai nghién ciru dé cdp dén viéc sir dung enzyme protease trong thzy phan sun
cé hogc sun ca kho va nghién cizu chi burde dau, cach tiép cdn van theo hwéng thiy phan
sau dé két tia thu riéng chondroitin sulfate va chira ¢6 dinh hwéng #ng dung rd rang.
Hién chura c6 mét nghién cizu nao si dung protease dé thity phan sun ca mdp twoi va
thu nhdn dich thiy phan chiza chondroitin sulfate. Mat khac, viéc thiy phan sau dé két
tiia thu riéng CS ¢6 nhwoe diém 1a cac chat tw nhién c6 gia tri sinh hoc ¢6 trong sun cé
sé bi logi bé dan dén 1ang phi nguon loi ty nhién. Hé khdac phuc cdc nhwoe diém trén,
lugn &n dinh hwéng tién hanh nghién citu sir dung enzyme protease thiwong mai trong
thuy phan sun c& mdp dé thu dich thiy phan chiza chondroitin sulfate va cac chat tir sun
c& mdp, dinh hwéng ing dung 1am thyc pham chire nang. Viéc sir dung cac chdt ti nhién
cd san trong sun c& mdp dan téi hiéu qud hé tro diéu tri cac bénh Iy xwong khop cua
dich thiy phan sé tét hon.

1.4. CAC NGHIEN CUU UNG DUNG KY THUAT SAY PHUN TRONG THU'C PHAM

Say phun thuc pham 1a qué trinh 1am bdc hoi nuéc ra khoi vat liéu siy o dang long
dudi tac dung cua nhiét do. Trong qué trinh sy phun thuc pham, nudc duoc tach khoi
thue pham nho su khuéch tan do:

+ Chénh léch d6 am gitra bé mat thuc pham long va bén trong vat liéu.

+ Chénh léch ap suat hoi riéng phan cua nudc tai bé mat thuc pham va méi trudng
Xung quanh.

Nguyén liéu caa qué trinh siy phun thuong 1a cac chat ¢ dang chat long hoa tan,
nhil twong hoic huyén phu da duoc c6 dic trudc (40 + 60% am) duoc phun thanh nhiing

giot min, roi vao dong khong khi nong cung chiéu hoic nguoc chiéu tao ra nhiét do
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budng sdy (70 + 300°C) dé 1am khd nguyeén liéu. Két qua hoi nudc duoc b hoi nhanh
chéng. Cac hat san pham duoc tach ra khoi tac nhan siy duéi dang bot min nh mot hé
théng thu hoi riéng [15, 22, 37, 40, 72, 73, 78, 87, 90, 91, 99].

Trén thé gigi co rat nhiéu cong trinh nghién ctu vé say phun thuc pham va céc
cdng trinh nghién ctiu say phun thuc pham trén thé gi¢i cha yéu tap trung vé viéc sy
phun cac dich chiét tir thie vat nhu dich ca chua, rau qua hay dich chiét caroten tir thuc
vat do ky thuat siy phun gitp bao ton céc chat c6 hoat tinh sinh hoc c6 trong dich chiét
[15, 22, 37, 40, 59, 78, 87, 90, 91].

O Viét Nam ciing ¢6 cac cong trinh nghién ciru say phun tiéu biéu nhu:

Vii Thi Hang va cong sy (2015) da tién hanh nghién ctu say phun dich chiét tir
gac ¢ nhiét do sy phun 60°C cho thay bot gac thu duoc van gir nguyén mau dé giéng
nhu tu nhién. Tuy nhién han ché nghién cau nay 1a d6 4m cua bot gic con cao va bot
gac thu dugc dé bi hit am va mdc khi bao quan [33].

Phan Tai Huan, Pham B¢ Toan, Kha Chan Tuyén (2014) tién hanh say phun tao
vi nang dau gac & nhiét 6 khi dau vao 1a 154°C va nhiét do khi dau ra 1a 80°C cho thay
san pham vi nang dau gac thu duoc c6 mau sic tét va san pham gidp bao quan céc chat
d& bi oxi hoa cé trong dau gic nhu: p-carotene, lycopen, ... Tuy vay, han ché Ién nhat
cua nghién ctru nay 1a hiéu suat say phun chi dat 53% [22].

Niam 2019, Ngoc Anh, Mac Thi Ha Thanh d tién hanh nghién say phun tao san
pham bot nhau cho thay khi siy phun & nhiét do khi dau vao 160°C sé tao ra san pham
bot nhau c6 mau sic dep va san pham van giir duoc gia tri dinh dudng va ham luong
vitamin C, polypenol tong sb, ham luong cac chat ¢d hoat tinh sinh hoc. Tuy nhién han
ché cua nghién ciru nay 1a san pham c6 d6 am van con cao [1].

Ngoai ra con rat nhiéu cong trinh nghién ctru st dung trong say phun céc dich chiét
chtra c&c chat cé hoat tinh sinh hoc khac.

Tur c4c phan tich ¢ trén cho thdy say phun 12 kj thudt chi yéu diwoc sir dung trong
nghién cizu say phun thyc pham do bdo ton diwoc mau sdc va cac chat co hogt tinh sinh
hoc ciing nhw vitamin. Do vay, ludn dn dinh hwéng sir dung ky thudt sdy phun dé say

phun tgo bér dam chira chondroitin sulfate tzr dich thuzy phan sun ca map.
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CHUONG 2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. NGUYEN VAT LIEU
2.1.1. Sun ca map

Camap (C. dussumieri (Muller & Henle, 1839)) duwoc thu mua nguyén con tai cang
ca Vinh Luong - Nha Trang - Khanh Hoa. Ca twoi c6 trong lugng trung binh
40+60kg/con. Ca map dugc khai thac trong thoi gian tur thang 2+10 hang nam. Sau thu
mua, thu toan bo vay c4, sun ca va van chuyén vé phong thi nghiém. Tai phong thi
nghiém, tién hanh xt ly loai bo thit, md lién két, 1am sach, xay nho, dong tai 2kg/thi,

cap dong va bao quan dong ¢ -20°C dé dung trong sudt qua trinh nghién ctu.

Hinh 2.1. Hinh &nh sun ¢4 mip trudc va sau khi xir ly

2.1.2. Enzyme protease
2.1.2.1. Neutrase:

Enzym neutrase 0,8L 1a ché pham protease thuong mai do cong ty Advanced
enzyme Technologies Ltd - India san xuit va cung cap tai Viét Nam. Neutrase thuoc
nhom enzyme endopeptidase c6 cac dac tinh ky thuat nhu sau: pH thich hgp 5,5 + 7,5,
nhiét do thich hop 40 + 50°C, hoat tinh 0,8 AU/g dugc bao quan ¢ 0 + 5°C.
2.1.2.2. Alcalase

Enzym alcalase 2,4L 1a ché pham protease thwong mai do hing Novozyme - Pan
Mach cung cap. Alcalase thuoc nhom enzyme serine endopeptidase c6 cac dac tinh ki
thuat nhu sau: pH thich hop trong khoang 6,0 + 8,0; nhiét do thich hgp 30 + 65°C, hoat
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tinh 2,4AU/g duoc bao quan ¢ 0 + 5°C.
2.1.2.3. Flavourzyme

Flavourzyme la ché pham protease thuong mai do hdng Novozyme - Dan Mach
cung cap. Flavourzyme c6 ca hoat tinh ciia endopeptidase va cia exopeptidase nhung
chu yéu la exopeptidase, c6 ngudn gdc tir A. oryzae, hoat d6 12 500 LAPU (Leucine
Aminopeptidase Units)/g, diéu kién hoat d¢ong thich hop 1a 50 + 55°C, pH = 5,0 + 7,0.
2.1.2.4. Papain

Papain thuong mai ¢6 hoat tinh >2,0 mAnsonU/mg (co chit hemoglobine, pH 6,
nhiét d6 35,5°C) do Merck - Bt san xuat. Papain 1a mot enzyme chiu dugc nhiét do
tuong dbi cao. O dang nhua kho, papain khéng bi bién tinh trong 3 gio ¢ 100°C, con &
dang dung dich, papain bi mat hoat tinh sau 30 phut & 82,5°C. Papain tinh khiét cd nhiét
d6 thich hop 50°C, khoang pH thich hop 4,5 + 8,5, pH thich hop 1a 7, dé bi bién tinh &
pH<4,5 va 6 pH >12.

2.1.3. Chit mang

* Maltodextrin: maltodextrin ding lam chat mang trong qua trinh say phun 1a san
pham tinh khiét do Nhat Ban san xuat. Maltodextrin 12 dang bot min, mau trang, khong
muli, tan hoan toan trong nudce, dd am 12 6,12%, chi sé DE 1a 17 + 20.

* Gum arabic: gum arabic thuc pham do Trung Qudc san xuat. Gum arabic tan
t6t trong nude, khong tan trong chit béo, co o nhét thap, co thé hoa tan dén ndng do
dung dich 55%. Gum arabic hoan toan c6 thé hoa tan trong nude lanh trong khi cac loai
gum khac khong thé hodc bi tao huyén phu ¢ dang keo hodc hoa tan khong hoan toan va
chi s6 pH ty nhién 13 3,9 — 4,9.

* Saccharose: San phém cua Nhat, dang bdt min, mau tréng, khong mui, tan hoan
toan trong nudc, do am 1a 4 — 5%, chi s6 DE 1a 22 - 25.

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Cac phuong phap nghién ciru protease va chondroitin sulfate
2.2.1.1. Xac dinh hoat d¢ protease theo phwong phap Anson [50, 52, 60, 62, 68]

Nguyén tic ciia phuong phap 1a ding protein casein lam co chat xac dinh hoat do
thuy phan protein ciia enzyme protease trén co so dinh lwong san pham duoc tao thanh
bang phan tng mau véi thude thir Folin - Ciocalteau. Dwra vao d6 thi chuan tyrosine dé
dinh luong tuong tng véi lugng san pham tao thanh dudi tac dung cua enzyme.
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2.2.1.2. Phuwong phap dinh lwgng ham lwgng chondroitin sulfate

Pinh lwong CS bang phuong phap so mau theo Farndale va cong su [56].

Nguyén ly: dya trén sy thay ddi trong quang phé hap thu caa DMMB (1,9
Dimethylmethylene) khi tac dung vagi chondroitin sulfate ¢ budc song 525nm. Dya vao
dwong chuan chondroitin sulfate A (géc sulfate gén ¢ vi tri C-4 (Chondroitin-4-sulfate,
CS4) véi DMMB dé xac dinh ham lugng chondroitin sulfate. Phuong phap nay c6 do
nhay cao, ¢6 thé dinh tinh va dinh lrong ham luong CS ¢ muc pg.

- Chuén bi miu

+ Pha xanh methylen: can chinh x&c 15 mg xanh methylen, hoa tan trong 75 ml
nudc cat va dinh mirc bang nudc cat dén 100 ml trong binh dinh mirc 100 ml lic déu
trong 5 phiit. Sau d6, chuyén 25 ml dich trén vao binh dinh mirc 100 ml va dinh murc
bang nudc cat dén 100 ml. Thu dugc dich xanh methylene c6 néng do 37,5 pg/ml.

+ Chuan bi dung dich CS chuan: can chinh xac 100 mg CS chuan 92,42%, hoa tan
trong nudc cat va dinh muc 1én 100 ml. Sau d6, chuyén 5 ml dich trén vao binh dinh
muc 100 ml dinh mérc 1én 100 ml va lic déu. Thu dugc dich CS chuan ¢6 néng do 50
pg/ml.

+ Chuan bi mau kiém tra ham lugng CS: dich thu duoc sau thuy phan, 1y 5ml
chuyén vao binh dinh mirc 100 ml va dinh mtc dén 100ml.

- Céch tién hanh

Chuan bi 3 binh dinh mtc 50 ml, gdm mau tréng, mau chuan va mau kiém tra ham
lugng CS. Cho vao méi binh 10 ml xanh methylen, thém 2 ml dich thay phan vao mau
kiém tra ham luong CS, 2 ml dung dich CS chuan vao mau chuan va mau tréng 1a 2 ml

nuéc cat. Sau d6, dinh muac 1én 50 ml, lic déu trong vong 30 phit va so mau & budc

song 525nm.
- Tinh két qua: ham lugng CS duoc tinh nhu sau:
cs= o= e, o p
~ 0D, — 0D~ °©

Trong do:
OD,: D6 hap thu ctia mau trong.

OD,: Do hap thu ctia miu kiém tra ham luong CS.
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ODy,: D6 hip thy cia mau CS chuan.

Gt : Khéi lugng CS chuan st dung (mg).

P: Phan tram d tinh khiét ciia CS tiéu chuan (92,42%).

CS: Luong CS trong mau.
2.2.1.3. Phuong phap danh gia hi¢u suit thu hoi chondroitin sulfate va bot dam

* Higu suit thu héi chondroitin sulfate trong qua trinh thily phan: hiéu suat

thu hdi chondroitin sulfate trong qué trinh thay phan (Hc) duoc tinh bang ty & phan trim
(%) gitra tong lugng chondroitin thu dugc trong dich thay phan sun c& map so véi téng
lwong chondroitin sulfate c6 trong nguyén liéu sun ca map.

Meq

He = X 100%

mcn
Trong d6: He: hiéu suat thu nhan chondroitin sulfate.
Mea: tong lwong chondroitin ¢é dich thity phan sun ca méap thu duoc.
Men: tong luong chondroitin ¢é trong nguyén liéu sun ca map ding trong
qua trinh thay phan.

* Hiéu suat thu hdi chondroitin sulfate trong qua trinh say phun: hiéu suat thu
hoi chondroitin sulfate trong qué trinh sdy phun (Hesiy) dugc tinh bang ty 1é phan traim
(%) gitra tong lugng chondroitin c¢6 trong bot dam thu duoc sau sdy so vai tong luong
chondroitin sulfate co trong dich thuy phan sun ca map.

m A
Hosty = —2 x 100%

Mcq
Trong d6: Hesdy: hiéu suat thu hoi chondroitin sulfate trong qué trinh say phun.
Mebot: tong luwong chondroitin ¢6 trong bot dam thu duoc.
Meq: tong luong chondroitin c6 trong dich thiy phan sun ca map ding
trong sy phun.
* Higu suit thu hdi bot dam caa qué trinh siy phun: hiéu suét thu hdi bot dam
sau qué trinh siy phun (Hwd) duoc tinh bang ty 16 phan trim (%) giita tong luong chat
kho cd trong bot dam thu dugc sau sdy so voi tong luong chat khd cé trong dich thay

phan sun ca map trude siy.
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Mpst

Hyg = x 100%

Myq
Trong d6: Hosiy: hiéu suat thu hdi bot dam sau qué trinh sdy phun.
Mist: tong luong chat khd cd trong bot dam thu duoc sau say.
Maa: tong luong chat khd co trong dich thity phan sun c& map trude say.
2.2.2. Cac phuwong phap phan tich héa hoc

* Pinh lwgng protein hoa tan theo phwong phap Lowry [66]

Nguyeén tic cua phuong phap 1a cac acid amin c6 vong thom Tyr va Trp c6 mat
trong protein s& phan tng véi thube thir Folin-Ciocalteau tao thanh phirc chat mau xanh
den c6 d6 hap thu cuc dai ¢ bude song 650nm. Dra vao duong chuan protein nguoi ta
c6 thé dinh lwong ham luong protein.

* DPinh Iuvgng Nts theo phuong phap Kjeldahl: theo TCVN 8133-1:2009 [25].

* Dinh luong Naa theo phuong phap Sorensen [3].

* Pinh lugng Nnhs theo phuong phap chung ct 16i cudn theo hoi nudéc [3, 25, 66].

* DPinh luong lipid theo phuong phap Soxhlett [3, 25].

* Xac dinh ham lugng nudc: theo phuwong phap sdy dén khéi luong khong doi &
105°C theo TCVN 1867:2001 [3, 25].

* X4c dinh ham lwong tro: ham lugng tro duge xac dinh bang phuong phap nung
dén khéi luong khong doi & 600°C theo TCVN 5611 - 1991 [3, 25].

* X4c dinh thanh phan ion kim loai bang phuong phap quang phd hip thu nguyén
te trén may ASS (HTNT) Jarrell — Ash Model AA — IEWT (Nhat Ban) theo
AOAC999.11:2011.

* Pinh hrong peptid theo phwong phap dua vao dwong chuan tyrosine [13, 30,
31]. Ham luong peptid duoc dinh luong dya vao dudng chuan tyrosine. Lay 1g mau
thity phan, cho thém 9ml nudc cit sau d6 khudy déu trong khoang 5 + 10 phut roi ly tam
lay dich trong dé xac dinh ham luong peptid nhu sau: 1y 2 éng nghiém sach 1 ng thi
nghiém va mot dng ddi ching. Ong thi nghiém: hit chinh xac 2ml dung dich loc & trén
cong véi 2ml Trichloacetic acid (TCA) 20% dé 30 phut rdi loc qua gidy loc thu dich loc.

Ly mot bng nghiém sach cho vao 1ml dich loc + 5ml dung dich Na,CO3 0,4 M lic déu,
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réi cho vao 1ml Folin dé 20 phat so mau ¢ budc song 660 nm. Ong d6i ching: lay 1ml
dung dich TCA 10% + 5ml Na,COs 0,4 M + 1ml folin dé 20 phut dem so mau. Tinh két
qué: dua vao dudng chuan dé tinh luong tysosin twong &ng.

Ham luong peptid dugc tinh theo cong thuc:

) mg tyrosine .
Peptid (mg/ml) = loin + d0 pha loang
u

* Xac dinh thanh phan va ham luong acid amin bang phwong phap sic ky long
theo AOAC 994.12 (2012) [3, 25].

* X4c dinh nang luong dinh dudng: theo CAC/GL-2/1985 (Rev.1-1993) FAO [26]
2.2.3. Cac phuong phap phén tich cdu tric

* Phé hong ngoai (IR): phuong phép do quang phd hong ngoai (IR) - nguyén tac
ctia phuong phap nay 1a dua trén suhap thy ning luong buc xa trong ving hong ngoai
ctia phan tir do su thay doi trang thai niang lwong chuyén dong quay va chuyén dong dao
dong tir trang théai niang luong co ban dén ning luong trang thai kich thich. Tan sé hap
thu hong ngoai la nhitng thong tin hitu ich cho viéc nghién ciru chi tiét cau trac phan ti.
Phd hdng ngoai duogc do trén may NICOLET IMPACT 410 FTIR spectrometer tai Vién
Hoa hiru co - Vién Han 1dam Khoa hoc va Cong nghé Viét Nam.

* Pho cong huang tir hat nhan (NMR): Pho cong huéng tir hat nhan duoc do o
70°C véi dung moi D20, véi ki thuat do khur tin hiéu caa H.O trén may 500MHz
BRUKER AVANCE tai Vién Hba hoc - Vién Han 1dm Khoa hoc va Céng nghé Viét Nam.

* Xac dinh tinh chat nhiét bang DSC: Tinh chat nhiét cia mau bot dam duoc
xac dinh bang thiét bi phan tich nhiét quét vi sai bu ning lwgng DSC-60, Shimadzu -
Nhat Ban. Khoang nhiét do do tir 30 + 600°C.

2.2.4. Phuong phap dinh luwgng vi sinh vat

Xéc dinh ham luong vi sinh vat bang phuong phap dém khuan lac.

* Xac dinh tong sé vi khuan hiéu khi: TCVN 4884: 2005

* Xac dinh tong s6 bao tir nAm men, nAm méc: TCVN 4993: 1989

* Xac dinh Coliforms: TCVN 4882: 2007

* Xac dinh Salmonella: TCVN 4829:2005
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2.3. PHUONG PHAP BO TRi THI NGHIEM
2.3.1. Phwong phap tiép cén cac ndi dung nghién ciru

Toan bo qua trinh nghién ctu luan an duoc thuc hién theo so db hinh 2.2.

Xu ly
A 4
Xay nho
Nghién ciru thay phan:
- Lua chon loai enzyme l
- Xac dinh ti 1€ enzyme - -
- [E], t°, pH, ti I& sun/nudc, thoi — Thuy phan
giap thuy phén‘
— Toi wu hoa diéu kién thuy phan l
Loc
Danh gi4 chat lugng dich thiy v
phan ,sun ca map va 'p_hén tich cau Dich thay phén
tric caa chondroitin sulfate

v
Nghién ciru siy phun tao bgt dam £
cr?&a chondroi)iifl sulfate: | > Say phun
- Xé4c dinh chat mang va ti 1 chat l
mang (%)
- Xéc dinh nhiét do budng siy (°C)
- Ap suat budng say (bar)
- Téc do nhap liéu (ml/ph)
— Téi wu hoa didu kién siy phun

Bot dam chira
chondroitin
sulfate

Hinh 2.2. So d0 cach tiép cin cic ndi dung nghién ciru

Luan &n st dung sun ca map trang (C. dussumieri) 1am nguyén liéu cho qua trinh
nghién ctu. Ca map tring duwoc thu mua nguy@n con tai cang ca4 Vinh Luong - Nha
Trang - Khanh Hoa. Sau thu mua, thu toan bo vay cé, sun ca dé van chuyén vé phong
thi nghiém. Tai phong thi nghiém, tién hanh xi Iy loai bo thit, mé lién két, 1am sach,
xay nho, dong thi 2kg/thi, cAp dong va bao quan déng ¢ -20°C dé dung trong suét qua
trinh nghién cuu.

Noi dung dau tién cua luan &n 1a nghién ctu thity phan sun ca map bang enzyme
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protease. Muc tiéu cua noi dung nay la xac dinh duoc quy trinh thay phan sun ca map
bang enzyme protease va san xuat duoc dich thiy phan sun cd map. Bé hoan thanh noi
dung nay, luan an tién nghién ctu lya chon loai enzyme protease thich hop cho quéa trinh
thuy phan sun cd map trong sé cac enzyme protease thwong mai: alcalase, papain,
neutrase, flavourzym. Trong qua trinh thi nghiém, ldy mau thiy phan dé danh gia: ham
luong protein hoa tan, ham lugng peptid, ham lugng Naa, ham lugng chondroitin sulfate,
ham luwong Nnws tao thanh theo thoi gian thay phan. Két qua danh gia mau thay phan vé
ham lugng protein hoa tan, ham luong peptid, ham lugng Naa, ham lugng chondroitin
sulfate tao thanh cao trong qué trinh thuy phan va ham lugng Nnws tao thanh khong cao
trong qué trinh thay phan 1a co s& dé lua chon loai enzyme protease ding cho qué trinh
thay phan. Sau khi lya chon dugc loai enzyme protease thich hop cho qua trinh thuy
phan sun c& map, luan an tiép tuc tién hanh nghién ctu: xac dinh nong do enzyme, nhiét
d6 thich hop cho quéa trinh thay phan, pH, ti Ié sun/nuéc, thoi gian thay phan va cudi
cuing 1 t6i wu hoa qua trinh thay phan sun ca map bang enzyme protease da chon. Két
qua danh gia mau thary phan vé ham luong protein hoa tan, ham lwong peptid, ham lwong
Naa, ham lugng chondroitin sulfate tao thanh cao trong qué trinh thay phan va ham
lwong Nnws tao thanh khdng cao trong qua trinh thuy phan 1a co so dé lya chon céc thong
s6 thich hop cho qua trinh thity phan. Tir d6 tién hanh dé xuat quy trinh thuy phan sun
c& map bang enzyme protease.

Noi dung thir 2 cta luan an 1a danh gia chat lwong dich thiy phan sun ca map va
xéc dinh cAu trdc chondroitin sulfate. Bé thuc hién noi dung nay, luan an tién hanh thi
nghiém thay phan sun c& map theo quy trinh va tién hanh vé hoat enzyme, loc dé thu
dich thay phan sun ca map. Dich loc thu dugc ding dé phén tich, danh gia chat luong
va két taa thu chondroitin sulfate dung trong phan tich ciu tric, thanh phan cua
chondroitin sulfate.

Noi dung tha 3 caa luan &n 1a Nghién ciu sy phun tao bot dam thay phéan chira
chondroitin sulfate. Bé thuc hién noi dung nghién cau nay, luan &n phai tién hanh thay
phan sun c4c map theo quy trinh dé xuat va thu dich thiy phan ding trong nghién ctu
say phun tao bot dam chira chondroitin sulfate. Trugc tién, luan &n tién hanh nghién cau

lya chon loai chat mang dung cho qua trinh siy phun trong sé 3 loai chat mang
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(maltodextrin, gum arabic va saccharose). Trong qué trinh say phun s& tién hanh lay
mau danh gia hiéu suat thu chondroitin sulfate va hiéu suat thu bot dam lam co s lra
chon chat mang phu hop. Tiép theo, luan an tiép tuc nghién ciru xac dinh ti 18 chat mang
sir dung trong siy phun, xac dinh nhiét do budng siy (°C), xac dinh &p suat budng siy
(bar) va téc d6 nhap liéu (ml/ph) 1am co s& cho qua trinh ti wu hoa diéu kién sdy phun.
Két xac dinh hiéu suat thu chondroitin sulfate va hiéu suat thu bot dam cao 1a co s& xac
dinh diéu kién t6i vu cho qua trinh siy phun. Bot dam thu dwoc s& duoc ldy mau dé phan
tich, danh gia chat lwong 1am co s& xac dinh kha ning st dung bo dam chtra chondroitin
sulfate theo dinh hudng lam thuc pham chirc ning.

2.3.2. Bo tri thi nghiém xac dinh cac thong sb ciia qua trinh nghién ciru

2.3.2.1. Xac dinh cac thong s thich hop cho qua trinh thity phin sun ¢4 méap bang

enzyme protease
* Xac dinh loai enzyme protease thich hgp cho qua trinh thiy phén sun cd map

Muc dich cua thi nghiém la lya chon dugc loai enzyme proetase thich hop cho qua

trinh thay phan sun ca map. Tién hanh bé tri thi nghiém theo hinh 2.3.

v
Ra dong
v

Thay phan bang cac loai enzyme protease khéc nhau

v
v v v v v

Neutrase Alcalase Flavouzym Papain Alcalase + Papain

v v ‘ v v

y

Phan tich

v

Chon loai enzyme phu hop

Hinh 2.3. So @6 thi nghiém lra chon loai enzyme proetase thich hop cho qua trinh thity
phén sun cd map
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Tir so dd thi nghiém trinh bay ¢ hinh 2.3, luan an s& tién hanh 5 thi nghiém thuy
phan hdn hop sun c& map biang cac loai enzyme protease khac nhau: mau 1 thiy phan
bang enzyme neutrase, mau 2: thuy phan bang enzyme alcalase, mau 3: thuy phan bang
enzyme flavourzyme, mau 4: thuy phan bang enzyme papain va mau 5: thity phan bang
hdn hop enzyme alcalase va papain theo ty & 1/1. Cac mau thuy phan déu su dung 2kg
hdn hop sun ca map, ty 1é enzyme st dung 1a 0,2% va luong nude bo sung 1a 2 lit, pH
thay phén l1a pH tu nhién cua hén hop sun ca map (pH 6,8) va nhiét o thuy phan 50°C.
Sau cac khoang thoi gian: 0 gio, 2 gio, 4 gio, 6 gio, 8 gio va 10 gio, tién hanh 1ay mau
dich thily phan dé danh gia ham luong protein hoa tan, ham lugng peptid, ham lugng
Naa, Nnm3 va ham lwong chondroitin sulfate tao thanh. Két qua danh gid 1a co so dé lra
chon loai enzyme phti hop cho qué trinh thiy phan ding trong cac nghién cuau tiép theo.

*Xac dinh ty 1€ giira cac enzyme da chon dung cho qua trinh thay phan

Muc dich cua thi nghiém la lya chon duoc ti 1€ gitra cac protease thich hop trong

hdn hop enzyme protease dé thiy phan sun ca map. Tién hanh bé tri thi nghiém nhu

hinh 2.4.

Ra dong
v
Thity phan bang hdn hop enzyme da chon véi ti 1é khac nhau
v
v v v v v v
80/20 70/30 60/40 50/50 40/60 30/70
v v v v v v
v
Phan tich

Chon ti 18 hdn hop enzyme

Hinh 2.4. So' d6 thi nghiém lya chon ty 1¢ hdn hop enzyme thich hop cho qua trinh
thiy phan sun ca map

Tir so d6 trén, tién hanh 6 mau thi nghiém thiy phan sun ca map bang hdn hop
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enzyme protease da chon vai ty 1& phdi tron 2 enzyme khac nhau lan luot 1a: mau 1:
80/20, mau 2: 70/30, mau 3: 60/40, mau 4: 50/50, mau 5: 40/60 va mau 6: 30/70. Céc
mau thay phan déu st dung 2kg hdn hop sun c& map, ndng do hdn hop enzyme sir dung
13 0,2% va luong nudc bo sung 1a 2 lit, pH thay phan ty nhién cia hdn hop sun ca map
(pH 6,8) va nhiét do thuy phan 50°C. Sau céac khoang thai gian: 0 gio, 2 gio, 4 gio, 6
gio, 8 gio va 10 gio thiry phan, tién hanh ldy mau dich thuy phan dé danh gia ham lwong
protein hoa tan, peptid, Naa, Nnns va ham lwong chondroitin sulfate tao thanh. Két qua
danh gia 1a co so dé lya chon ty I¢ giita cac enzyme da chon thich hop cho qua trinh
thay phan dung trong céc nghién ctu tiép theo.

* Xac dinh nong d§ hdn hep enzyme thich hep cho quéa trinh thiy phan

Muc dich cuaa thi nghiém 1 lya chon duoc nong do thich hop caa hén hop enzyme
protease diing cho qua trinh thily phan sun c& map. Bé hoan thanh noi dung nay, tién
hanh b tri thi nghiém nhu hinh 2.5.

A 4

Ra dong

'

Thity phan bang hdn hop enzyme di chon véi nong do khac nhau

v v ' |

0,1% 0,2% 0,3% 0,4% 0,5%

v v ‘ ' v

Phén tich

Chon nong do enzyme
phu hop

Hinh 2.5. So d6 thi nghiém xac dinh nong d6 hdn hop enzyme protease thich hop cho
qué trinh thiy phéan sun ca map
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Tir so d6 bd tri thi nghiém trinh bay ¢ hinh 2.5, tién hanh 5 mau thi nghiém thay
phan sun ca map bing hdn hop enzyme da chon véi ndng do caa hdn hop enzyme khac
nhau: mau 1: 0,1%, mau 2: 0,2%, ..., mau 5: 0,5%. Cac mau thuy phan déu sir dung 2kg
hén hop sun ca map, luong nudc bd sung 1a 2 1it, thay phan & pH tu nhién caa hdn hop
sun ca map (pH 6,8) va nhiét o thuy phan 50°C. Sau cac khoang thoi gian: 0 gio, 2 gio,
4 gid, 6 gio, 8 gid va 10 gio, tién hanh ldy mau dich thiy phan dé danh gid ham luong
protein hoa tan, peptid, Naa, Nnns va ham lwong chondroitin sulfate tao thanh. Két qua
danh gid 1a co s dé lua chon ndng do hdn hop enzyme phi hop cho qua trinh thity phan
diing trong cac nghién cuu tiép theo.

* Xac dinh ti 1€ nwoc/nguyén ligu thich hgp cho qua trinh thiy phén sun cd map

Muc dich cua thi nghiém la xac dinh dugc ti 1€ nudc/nguyén liéu thich hop cho

qua trinh thay phan sun ca map. Tién hanh bo tri thi nghiém theo hinh 2.6.

!

Ra dong

'

Thuy phén theo cac thong sb da chon véi ti 1é sun/nuéc khac nhau

70/30 60/40 50/50 40/60 30/70

v v v v ‘
v

Phén tich

Chon ti I€ sun/nu6c phu hop

Hinh 2.6. So' d6 thi nghiém xac dinh ti 1¢ nwéc bé sung thich hep cho qua trinh

thay phan sun cd map
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Tir so do thi nghiém trinh bay & hinh 2.6, tién hanh 5 mau thi nghiém thay phan
sun c& map vai cac thong sé da chon, ti 18 nuéc bo sung khac nhau lan lugt mau 1: 70/30,
mau 2: 60/40, ..., mau 5: 30/70. Cac mau thiy phan déu sir dung 2kg hdn hop sun cé
map, thay phan & pH tu nhién ctia hon hop sun ca map (pH 6,8) va nhiét do thay phan
50°C. Két qua phan tich sy thay ddi cua cac thdng sb cua qué trinh thiy phéan 1 co s&
dé lya chon ti 1é sun/nuéc thich hop cho thuy phan sun ca map.

* Xac dinh pH thich hep cho qua trinh thiy phan sun ca map

Muc dich cta thi nghiém la lya chon duoc pH thich hop cho thuy phan sun cad map.
Tién hanh thi nghiém theo hinh 2.7.

Ra dong

'

Thuay phan theo cac thong sb da chon véi pH khéc nhau

6,0 6,5 pH tu nhién 7,0 7,5 8,0

v t v v

Phan tich

Chon pH thich hop

Hinh 2.7. So d6 thi nghiém xac dinh pH thich hop cho qua trinh thity phén sun c4 map
Tir so do thi nghiém trinh bay & hinh 2.7, tién hanh 6 mau thi nghiém thay phan
sun ca map véi pH khac nhau: mau 1: 6,0, mau 2: 6,5, ..., mau 5: 8,0. Cdc mau thuy
phan déu str dung 2kg hdn hop sun ca map, véi cac théng sé da chon o trén. Sau cac
khoang thoi gian: 0 gio, 2 gio, 4 gio, 6 gid, 8 gio va 10 gio, tién hanh 1ay mau dich thuy

phan dé danh gia ham lwong protein hoa tan, peptid, Naa, Nnus va ham luong
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chondroitin sulfate tao thanh. Két qua danh gia cao 1a co s dé lua chon pH thich hop
cho qua trinh thuy phan sun c& map dung trong cac nghién ctu tiép theo.

* Xac dinh nhiét do thich hep cho qua trinh thiy phan sun cd map

Muc dich cua thi nghiém la xac dinh duoc nhiét do thich hop cho qua trinh thuay
phan sun ca map. Tién hanh thi nghiém theo hinh 2.8.

}

Ra dong

\ 4

Thay phan theo cac thong sb t6i wu da chon véi nhiét do khac nhau

35°C 40°C 45°C 500C 55°C 60°C 65°C

| v v l l v
\ l

Phéan tich

|

Chon nhiét d6 phu hop

Hinh 2.8. So' @6 thi nghiém xac dinh nhiét @ thich hop cho qua trinh thiiy phén
sun ca map
Tién hanh 7 mau thi nghiém thay phan sun c& map theo so d6 trén véi nhiét do
thay phan khac nhau: mau 1: 40°C, mau 2: 45°C, ..., mau 7: 65°C. Cac mau thiy phan
déu sir dung 2kg hdn hop sun ca map, thay phan theo céc théng sé da chon. Sau céc
khoang thoi gian: 0 gio, 2 gio, 4 gio, 6 gio, 8 gio va 10 gio, tién hanh Idy mau dich thay

phan dé danh gia ham luong protein hoa tan, peptid, Naa, Nnmz va ham luong chondroitin
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sulfate tao thanh. Két qua danh gia 1a co so dé lua chon nhiét do thich hop cho qua trinh
thuy phan sun cad map ding trong cac nghién cuu tiép theo.

* Xac dinh thoi gian thich hgp cho qué trinh thiy phan sun c& map

Muc dich cuaa thi nghiém la xac dinh dugc bién thoi gian thich hop cho quéa thuy

phan sun ca map bing enzyme protease. Tién hanh thi nghiém theo so @b ¢ hinh 2.9.

v
Ra dong
v
Thuy phan theo thong sb da chon
v ! v v
2h 4h 28h 30h
v w v v
v
Phén tich

Xac dinh bién thoi gian

Hinh 2.9. So @ thi nghiém xac dinh bién thoi gian thich hop cho qua trinh thiiy phan
sun ca map

Tién hanh thi nghiém thay phan sun c& map theo so d6 bé tri thi nghiém trinh bay

& hinh 2.9. Céc thi nghiém déu st dung 2kg hdn hop sun ca map thuy phan theo céc
thong s6 da chon. Trong sudt qua trinh thiy phan dinh ky l1ay mau sau cac khoang thoi
gian thuy phan 2 gio dé danh gia ham luong protein hoa tan, peptid, Naa, Nnnz va ham
lwgng chondroitin sulfate tao thanh. Két qua danh gia 1a co sé dé lya chon thdng sé bién
thoi gian thich hop cho qué trinh tdi wu hoa thay phan sun c& map bang enzyme protease
da lua chon.

* T6i wu héa qua trinh thity phan sun cd map bang enzyme protease [9]

Sau khi thu dugc cac théng sé bién caa qua trinh nghién ctu & trén, luan an tién

33



hanh xay dung ma tran thuc nghiém va thi nghiém téi vu hoa. Bé khao sat ving tdi uu,
sir dung quy hoach bac hai tim xoay cho 3 yéu t6 va mdi yéu t tién hanh tai 5 muc.
Quy hoach thuc nghiém gém 15 thi nghiém. Tinh toan hé s6 hdi quy véi ham muc tiéu
1a hiéu suat thu hdi dich thay phan véi céac bién lan luot 1a: X1 = Nong d6 enzyme (%),
Xz = Nhiét do thuy phan (°C), X3 = Thoi gian thuy phan (gio). Thi nghiém st dung RSM
trong phan mém JMP10 dé bé tri va téi wu hoa cac nhan t6 thi nghiém. Mdi nhan t6
duoc khao st voi 5 mire do (-a, -1, 0, +1, + o) dugc tinh toan tir viéc chay phan mém.

Bing 2.1. M4 héa bién nong dd enzyme, nhié¢t d, thoi gian thity phan va cac mire d9

khao sat
o Mikc tién hanh
Céacyeuto
-0, -1 0 1 +a
X1 = Nong d6 enzyme (%) 01 | 02 | 03 | 04 0,5
Xz = Nhiét d6 thuy phan (°C) 40 45 50 55 60
X3 = Thoi gian thuy phén (gio) 16 18 20 22 24

Ghi chi: o = 2, gia tri cdn trén (+1) va cdn dudi (-1) cua bién déc lap, (Bién do
min + Bién do max)/2 | gia trj trung binh cia cdn trén va cdn dudi.

* Phan tich sé liéu: Thi nghiém duoc thuc hién theo thiét ké nhu ¢ bang 2.1. Phép
phan tich phuong sai duoc sir dung dé phan tich anh huong cua céc yéu té trong thi
nghiém, anh hudng tuong tac cua ching 1én ham muc tiéu. Sau khi loai bo nhiing yéu
t6 anh huong khong dang ké t6i ham muc tiéu véi do khac biét nho nhat (LSD) ¢ mic
y nghia 95%. M6 hinh toan hoc mé ta anh huang cua cac bién doc lap d6i véi bién phu
thudc ¢ dang ham da thtc bac hai & dang tong quat nhu sau:

3 3 3
Ye=Bo+ ) BX;+ ) BiXX;+ ) ByX?
=1 i =1 j=1
Trong do6:
Yk: Bién phu thuoc (k = 1 - 3)
X i,j: Nhan té ma hoa cua bién doc 1ap anh huong dén Yi

Bo: Hé s6 hdi qui bac 0

34



Bj: Hé s6 hoi qui bac 1 md ta anh huong cua bién Xj dén Yk
Bij: Hé s6 anh hudng dong thoi cua bién X va Xj dén Yk
Bji: Hé s hoi qui bac hai m6 ta anh hudng cua bién X2 dén Yk

* Panh gia m6 hinh

M6 hinh va phuong trinh hdi qui duoc kiém tra mac do phi hop véi thuc
nghiém bang kiém dinh Fisher ctia mé hinh (véi gia tri Pyaie < o= 0,05) va su thiéu
phu hop (Lack of fit). Néu gié tri Pvalue nho hon gia tri a va cang nhé thi mé hinh
cang phu hop (gié tri o thuong 1ay 0,05 - tac 1a 5%). Hé sb Lack of fit phai 16n hon
gia tri a (16n hon 0,05) thi m6 hinh d6 md&i phu hop, gia tri Lack of fit cang Ion thi
mirc d6 phi hop cia mo hinh cang ting. Ngoai ra con c6 mét sé cac thong sé danh
gia khac nhu hé sé twong quan (Correlation coefficient) giira cac két qua du doan
ctia mo hinh (Y) véi cac két qua thuc nghiém (), hé sb xac dinh (Coefficient of
Determination) va d6 léch chuan twong ddi CV% (Coefficient of Variation). Cudi
cling, thuc hién viéc phan tich tai diém téi wu véi cac diéu kién nong do enzyme,
nhiét d6 thiy phan, thoi gian thaly phan trong mau tim thay va so sanh véi két qua
du doan dé kiém tra sy chinh xac cia mé hinh dy doan.
2.3.2.2. Xac dinh cac thong sé thich hep cho qua trinh siy phun tao bt dam thiy
phéan chira chondroitin sulfate.

* Xac dinh loai chat mang sir dung cho qué trinh say phun tao bgt dam chira
chondroitin sulfate.

Muc dich cua thi nghiém 1a x4c dinh duoc loai chat mang thich hop cho qua trinh
say phun tao bot dam chtra chondroitin sulfate. Tién hanh thi nghiém theo so d6 trinh
bay ¢ hinh 2.10.

Tir so d6 bd tri thi nghiém trinh bay ¢ hinh 2.10, tién hanh 3 miu thi nghiém say
phun tao bot dam chtra chondroitin sulfate & cac diéu kién ¢b dinh da chon dya theo cac
thong s tham khao tir cac nghién ciru siy phun trude day: nhiét d6 budng siy 1a 80°C,
&p suat budng say 2,5bar; toc ¢ nhap liu 12ml/pht. Trong thi nghiém nay, théng sé

thay ddi 1a loai chat mang: Maltodextrin, Gum arbic va Sacharose véi ty 1é st dung la
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2%. Sau khi siy phun thu bot dam, tién hanh lay miu danh gia hiéu suat thu hoi
chondroitin sulfate, bot dam va ham luong nito tong sb cua san pham. Két qua danh gia

1a co so lra chon chit mang bo sung thich hop cho céc lan nghién cau tiép theo.

'

B sung chat mang véi ty 1& 12%

'
v

Maltodextrin Gum arabic Saccharose

v y

Xac dinh chat mang
phu hop

Hinh 2.10. So' d6 bo tri thi nghiém xac dinh loai chat mang phu hop

* Xac dinh ty 1é chat mang sir dung cho qua trinh sy phun tao bat dam chia
chondroitin sulfate

Muc dich cua thi nghiém Ia xac dinh duoc ty 1& chat mang sir dung cho qué trinh
say phun tao bot dam chira chondroitin sulfate. Tién hanh bé tri thi nghiém theo so d6
trinh bay ¢ hinh 2.11.

Tir so dd thi nghiém trinh bay ¢ hinh 2.11, tién hanh 5 mau thi nghiém say phun
dich dam thily phan tir sun c& map theo céc thdng sb: nhiét do budng say 80°C, ap suat
budng sy 2,5bar; tbc do nhap liéu 12ml/phat va chit mang da lua chon & trén vai ty 16
sir dung trong qua trinh sy thay doi lan luot 12 8%; 10%; 12%; 14 % va 16%. Sau sy

phun, ldy mau san pham, danh gi& hiéu suat thu hoi chondroitin sulfate va hiéu suat thi
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hoi bot dam. Két qua phan tich cao 1a co so lya chon ty 18 chat mang bé sung thich hop

ding trong cac nghién cuu tiép theo.

y

B6 sung chat mang da chon

v
v v v ' v
8% 10% 12% 14% 16%
y ' : ! v

Say phun 80°C, 2.5bar, toc do nhap liéu 12ml/ph

Chon ti & chat mang phu hop

Hinh 2.11. So' d6 bd tri thi nghiém xac dinh ti 1é chat mang b6 sung

* Xac dinh nhiét @9 budng say

Muc dich cua thi nghiém 1a xac dinh duoc nhiét d6 budng sdy cho qua trinh siy
phun tao bot dam chira chondroitin sulfate. Tién hanh bé tri thi nghiém theo so db trinh
bay ¢ hinh 2.12.
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\ 4

Ap suit budng say 2,5bar; toc do nhap liéu 12ml/phat

Say phun véi cac nhiét 6 khéc nhau

\ 4

v v v l

70°C 75°C 80°C 85°C 90°C

| ' | }

Chon nhiét d6 budng sdy thich hop

Hinh 2.12. So' @ bo tri thi nghiém xac dinh nhiét 49 budng say thich hop
Tir so d6 trén, tién hanh 5 mau thi nghiém say phun dich dam thuy phan tir sun ca

map theo cac théng sé: ap suat buong sy 2,5bar; tc do nhap lieu 12ml/phdt, ty I¢ chat
mang bo sung di lya chon & trén va nhiét do budng siy thay dbi nhu sau: 70°C, 75°C,
80°C, 85°C va 90°C. Sau siy phun, ldy mau san pham, danh gia hiéu suat thu hdi
chondroitin sulfate, bot dam va do am. Két qua danh gia cao 13 co so lya chon ra nhiét
d6 budng say phu hop dung trong cac nghién cau tiép theo.

* Xac dinh ap suat buong say

Muc dich cua thi nghiém 1a xac dinh dwoc &p suit budng say thich hop cho qué
trinh siy phun tao bot dam chtra chondroitin sulfate. Tién hanh b tri thi nghiém theo so
d6 trinh bay & hinh 2.13.
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Dich thay phén sun ca map

Téc d6 nhap liéu 12ml/phat va thdng sé da chon

|

S4y phun véi &p suat budng say khac nhau

|
’ v ’ v v

2,1bar 2,3bar 2,5bar 2,7bar 2 9bar

Chon ap suat budng sy
thich hop

Hinh 2.13. So' @ bo tri thi nghiém xac dinh 4p suat buong say thich hop

Tir so dd thi nghiém trinh bay & hinh 2.13, tién hanh 5 miu thi nghiém say phun
dich dam thay phan tir sun c& map theo céc théng sé di lwa chon ¢ trén, téc 6 nhap
lieu: 12ml/phat véi &p suat budng sy thay doi nhu sau: 2,1bar; 2,3bar; 2,5bar; 2,7bar
va 2,9bar. Sau say phun, ldy mau san pham, danh gia hiéu suat thu hoi chondroitin
sulfate, bot dam va do am. Két qua danh gia cao 1a co s lya chon ra 4p suét budng sy
phl hop duing trong cac nghién ctu tiép theo.

* Xac dinh tdc @ nhap liéu

Muc dich cua thi nghiém l1a xac dinh duoc tde do nhap liéu thich hop cho qué trinh
say phun tao bot dam chtra chondroitin sulfate. Tién hanh bé tri thi nghiém theo so d6
trinh bay ¢ hinh 2.14
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v

S4y phun theo céc thdng sé di chon véi tdc d6 bom nhap liéu khac

A\ 4
r ¢ v ¢ ¢
10ml/ph 11ml/ph 12ml/ph 13ml/ph 14ml/ph
v v | v v

Chon téc do nhap liéu
thich hop
Hinh 2.14. So' 6 bo tri thi nghiém xac dinh toc dd nhap liéu thich hop

Tir so d6 trén, tién hanh 5 mau thi nghiém sy phun dich thiy phan sun ca map
theo c4c théng sé da lua chon & trén, téc do bom nhap liéu thay d6i nhu sau: 10ml/phut,
11ml/phat, 12ml/phat, 13ml/phat va 14ml/phat. Sau say phun, ldy mau san pham, danh
gia hiéu suat thu hoi chondroitin sulfate, bot dam va do am. Két qua danh gia cao 1a co
s& lya chon toc do bom nhap liéu phi hop ding trong cac nghién ciu tiép theo.

* T6i wu héa qua trinh siy phun tao bét dam chira chondroitin sulfate [9]

Sau khi nghién ctru lua chon duoc céc thong sé bién cho cac bién lra chon dé toi
vu hoa, luan an tién hanh xay dung ma tran thuc nghiém va thi nghiém ti wu hoa. Dé
khao sét viing téi uu, st dung quy hoach bac hai tdm xoay cho 3 yéu té va mdi yéu té
tién hanh tai 5 mac. S6 1an thi nghiém duoc xac dinh nhu sau: N= 23 + 2*3 + 6 = 20 thi
nghiém. Quy hoach thyc nghiém gom 20 thi nghiém. Tinh toan hé sé hdi quy véi ham
muc tiéu 1a hiéu suat thu hoi bot dam véi cac bién lan luot 1a: X4 = Nhiét d6 khong khi
budng sy (°C), Xs = Ty 1é maltodextrin b6 sung (%), Xs = Toc d6 nhap liéu (ml/phut).
Thi nghiém st dung RSM trong phan mém Statgraphic XV dé bd tri va téi uu hoa céac
nhan tb thi nghiém. Mdi nhan té duoc khao sat véi 5 mic d6 (-o, -1, 0, +1, + o) dugc
tinh toén tir viéc chay phan mém va két qua duoc trinh bay & bang 2.2.

Bang 2.2. M héa bién nhiét dd budng siy, ty 1é maltodextrin bd sung, toc dd nhap liéu
va cac muc d§ khao sat

CA4c yéu to Mikc tién hanh
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-0 -1 0 1 +a
X4 = Nhiét 6 buong say (°C) 70 | 75 | 80 | 85 | 90
Xs = Ty Ié maltodextrin bo sung (%) | 10 | 11 | 12 | 13 | 14
Xs = Toc d6 nhap liéu (ml/phat). 10 | 11 | 12 | 13 | 14

Ghi cht: a = 2, gia tri cdn trén (+1) va cdn dwdi (-1) cua bién dgc 1dp, (Bién do
min + Bién do max)/2 1a gia tri trung binh cia cdn trén va cdn dudi.

Phan tich s6 liéu: Thi nghiém duoc thuc hién theo thiét ké nhu & Bang 2.2, thu
thap s liéu va sir dung phan mém dé phan tich (ANOVA) véi do khac biét nho nhat
(LSD) & mtic y nghia 95%. M hinh toan hoc mé ta anh hudng cua cac bién doc lap ddi
véi bién phu thuoc c6 dang ham da thirc bac hai ¢ dang tong quéat nhu sau:

3 3 3

Yi=Bo+ ) BiXj+ ) BiXX;+ ) ByX/
=1 i =1 i=1

Trong do:
Y«: Bién phu thuoc (k = 1 - 3)
X i,j: Nhan té ma hoa cua bién doc 1ap anh huéng dén Yk
Bo: Hé s6 hdi qui bac 0
Bj: Hé sb hoi qui bac 1 md ta anh huong cua bién Xj dén Yk
Bij: Hé s6 anh hudng dong thoi cua bién Xi va X dén Yk
Bji: Hé s6 hoi qui bac hai md ta anh huang cua bién X2 d&én Yk
Kiém dinh su c6 nghia cta hé sb hdi quy va kiém dinh sy tuong thich cia mo
hinh. Ché d6 t6i wu duoc xac dinh bang phwong phap toi wu héa da muc tiéu - phuong
phap ham mong doi. Tinh toan va xu ly két qua bang phan mém may tinh Design -
Expert 8.0.
2.4. HOA CHAT VA CAC THIET BI THi NGHIEM CHU YEU PA SU DUNG
2.4.1. Hoa chat

Céc loai hoa chat tinh khiét: Folin-Ciocalteu, FeSO4, acid ascorbic (CsHsOs), acid
gallic (C7H ¢Os), vanillin (CgHgOs), Na;HPOs4, NaH2POs, CH3COOK, Glucose,
Sucrose. Fructose, ABTS (2,2’-azinobis (3-ethylbenzthiazoline-6-acid), Quercetin,

Potassium persulfate (K2S20g), Resorcinol (CsHsO2), Thiure (CHsN2S), .... do Merck
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- Pbuc hoic Sigma - Puac hoic My cung cap. Céc loai hod chat chuan: albumin,
hemoglobin, tyrosine, sephadex G-75 do Merck (Dtc) cung cap.
2.4.2. Céc thiét bi chii yéu da sir dung trong luan an

Str dung cac thiét bi hién cd tai phong thi nghiém - Trung tdm Thuc hanh Thi
nghiém - Truong Pai hoc Nha Trang va phong thi nghiém - Truong Pai hoc Cong
nghiép Thuc pham TP. HCM: Can dién tir Satorius (Pc) loai 2200g va 220g d6 chinh
xac 10 (g), May ly tdm lanh: Rotina (CHLB Duc), May ly tdm lanh toc do cao
HERMLE Z36HK (btuc), May so mau: Spectronic + 20D (M¥), Cecil 1011 (Anh) va
UV-VIS DR6000 - Hach (M¥), May quang pho hap thu nguyén tir ASS (HTNT) Jarrell
- Ash Model AA-IEWT (Nhat Ban), May do pH: pHM 83 Autocal pH meter (Pan
Mach), Bé 6n nhiét MEMMERT WNB14/22 (Puc), Hé thong phan tich ham lwong
nito/protein theo phuong phap Dumas (Pic), Noi thuy phan dung tich 30 lit (Viét Nam),
hé thong sdy phun MOBILE MINOR (Pan Mach).
2.5. PHUONG PHAP XU LY SO LIEU

X ly s6 lidu nghién ctru theo phuong phap thong ké sinh hoc. Méi thi nghiém déu
tién hanh 3 1an, mdi lan 3 mau va két qua la trung binh cong caa cac lan thi nghiém. S6
liéu duoc xur ly va trinh bay dudi dang trung binh + SD. Thiét ké thi nghiém téi wu qua
trinh thay phan sun cd map bang phan mém JMP 10. M6 hinh Box — Behnken diing
trong toi vu héa nham thu nhan dich thay phan cé hiéu suét thu chondroitin sulfate cao.
So sanh sy khac biét giira cac bién duoc xir 1i bang phan mém Minitab 18.0. Phan tich

ANOVA dé danh gia sy khac nhau cia gia tri & mic c6 y nghia (p < 0,05).
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CHUONG III. KET QUA NGHIEN CUU VA THAO LUAN

3.1. NGHIEN CUU THUY PHAN SUN CA MAP (C. DUSSUMIERI) BANG
ENZYME PROTEASE
3.1.1. Phan tich thanh phin co ban ciia sun ¢4 map tring

Tién hanh 1ay mau hdn hop sun cad map ca map tring dé phan tich mot sb chi tiéu
hoa hoc tai Vién Kiém nghiém An toan Vé sinh Thuc pham Quéc gia. Két qua dugc
trinh bay ¢ bang 3.1.

Béng 3.1. Két qua phén tich mét s6 chi tiéu héa hoc co ban ciia sun ca mép tring

STT Chi tiéu Pon vi Két qua
1 | Ham luong nito axit amin g/kg 20,13
2 | Ham luong nito tong s6 g/100g 2,64
3 | Ham lugng protein tho 9/100g 16,50
4 Ham luong canxi % 4,15
5 | Ham luong dudng tong s6 mag/kg 583,33
6 | Ham luong tro tong sé 9/100g 4,22
7 | Doéam % 80,71
8 | Ham lugng chondroitin sulphate mg/g 41,77

Tir két qua phan tich ¢ bang 3.1 cho thay hdn hop sun c& map trang c6 ham luong
chondroitin sulfate khé cao ti 41,77mg/g. Do vay, sun c& map trang rat thich hop lam
nguyeén liéu cho qué trinh thity phan dé thu dich thay phan chira chondroitin sulfate véi
ham lugng cao.

3.1.2. Xac dinh loai enzyme protease thich hgp cho qua trinh thiy phan

Tién hanh 5 mau thi nghiém thuy phan hdn hop sun ca map (C. dussumieri) bang
cac enzyme protease khac nhau: mau 1 thuy phan bang enzyme neutrase, mau 2: thay
phan bang enzyme alcalase, miu 3: thiy phan bang enzyme flavourzyme, mau 4: thay
phan bang enzyme papain va mau 5: thuy phan bang hdn hop enzyme alcalase va papain
theo ty 18 1/1. Cac mau thuy phan déu sir dung 2kg hdn hop sun ca map, ty 1é enzyme

str dung 13 0,2% va luong nuéc bd sung 1a 2 lit, pH thay phan 1a pH tu nhién cua hdn
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hop sun ca map (pH 6,8) va nhiét d6 thuy phan 50°C. Sau cac khoang thoi gian: 0 gio,

2 gio, 4 gio, 6 gio, 8 gid va 10 gio, tién hanh 1y miu dich thuy phan dé danh gid ham

lugng protein hoa tan, ham lugng peptid, ham Iugng Naa, ham lugng chondroitin sulfate

va ham luong Nnns. Két qua danh gia duoc thé hién trén cac hinh 3.1 +3.5.

Ham lugng protein hoa tan
(% so voi ban dau)

600

500

400

300

200

100

—a— Neutrase —e— Flavourzyme /l
Alcalase —i— Papain m
—m— Alcalase/Papain ./

2 4 6 8 10
Thoi gian thuy phan (gio)

Hinh 3.1. Su thay ddi ciia ham lwong protein theo thoi gian thity phin va loai enzyme
protease

Ham luong peptid (% so voi ban dau)

300 A

200 A

100

—@— Neutrase —&—Flavourzyme Alcalase
—»—Papain —l— Alcalase/Papain
O T T T T 1
0 2 4 6 8 10

Thoi gian thuy phan (gio)

Hinh 3.2. Sy thay ddi ciia ham hrong peptid theo thoi gian thity phan va loai enzyme

protease
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Hinh 3.3. Sw thay ddi ciia ham lwong Naa theo thoi gian thily phan va loai enzyme
protease
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Hinh 3.4. Su thay ddi ciia ham lwong chondroitin sulfate theo thdi gian thity phin va
loai enzyme protease
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Hinh 3.5. Sy thay d6i ciia ham hrong Nxus theo thoi gian thity phan va loai enzyme
protease

T céc két qua phan tich trinh by ¢ céc hinh 3.1 +3.4 cho thay:

* \/& ham lwong protein

Két qua phan tich trinh bay ¢ hinh 3.1 cho thiy theo thoi gian thay phan ham luong
protein hoa tan tao thanh trong tat ca cac mau thuy phan déu ting nhung muc do ting
cling khac nhau tuy thudc vao loai enzyme protease su dung trong thi nghiém. Trong
d6, ham luong protein hoa tan ciia mau thiy phan sun cad map bang hdn hop enzyme
alcalase - papain cO mac d6 tang nhanh theo thoi gian thiy phan va tang cao hon so vai
cac mau thuy phan khac. Cu thé, ¢ giai doan sau 2 gid thuy phan, ham luong protein caa
mau thity phan sun ca map bang hdn hop enzyme alcalase - papain cao gap 2,6 lan so
Vv6i ban dau va cao gap twong tng 1,67 lan, 1,92 l1an, 2,02 lan va 2,19 lan so v&i ham
lugng protein hoa tan tao thanh & mau thay phan bang enzyme papain, alcalase,
flavourzyme va neutrase. O thoi diém sau 10 gio thiry phan, ham lwong protein cia mau
thuy phan sun ca map bang hdn hop enzyme alcalase - papain cao gap téi 5,6 1an so véi
ban dau va cao gap twong tng 1,67 lan, 2,39 lan, 2,89 lan va 3,58 lan so véi ham luong
protein hoa tan tao thanh & mau thiy phan bang enzyme papain, alcalase, flavourzyme
va neutrase. Két qua nay cho thay hdn hop enzyme alcalase - papain c6 kha ning thiy

phan hdn hop sun cd map manh mé hon so véi cac enzyme papain, alcalase, flavourzyme
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va neutrase. Két qua con cho thay papain va alcalase khi hoat dong mot minh ciing c6
kha niang thiry phan hdn hop sun c& map tbt hon cac enzyme flavourzyme va neutrase.

Két qua nay c6 thé ly giai: cau tric md sun néi chung va sun c& map néi riéng, bén
ngoai dugc bao bang cac protein md lién két, khong tan nhu elastin va bén trong la cac
protein khéng tan chira c&c acid amin mach bén c6 cuc va ky nudc [23]. Theo Lé Ngoc
T, elastin la protein chi bi thay phan béi papain [4, 6, 7]. Do vay, khi sir dung papain
phdi hop véi alcalase thi papain s& thuy phan protein mé lién két tao diéu kién cho
alcalase phan cit cac protein nam ¢ phia trong caa cau tric md. Khi bj protease phan cit
chudi polypeptid, chiéu dai mach cua chudi polypeptid trong ciu trdc cua protein giam
di. Protein c6 cau trdc phan tir cang nho cang dé tan trong nudc [13, 23, 31]. Do vay,
ham luong protein hoa tan trong nudc S€ ting theo thoi gian tdc dong cua enzyme
protease vao khdi mé dong vat [4+6, 11+13, 16, 17, 23, 18, 30, 31]. Chinh vi thé, theo
thoi gian thuy phan, ham lugng protein hoa tan tao thanh trong dung dich tang Ién.

T nhizng phan tich ¢ trén cho thdy néu xét theo khia canh ham lwong protein hoa
tan thi si dung hon hop enzyme alcalase - papain dé thiiy phan sun ca mdp cé wu thé 1a
tao ra ham lwong protein hoa tan trong dung dich tang nhanh theo thoi gian thuiy phan
va tang cao hon cac enzyme protease khdac da sw dung.

* V& ham lwong peptid

Két qua phan tich & hinh 3.2 cho thay ciing giong nhu quy luat thay d6i cua ham
lugng protein trong qué trinh thuy phén, theo thoi gian thiy phan ham lugng peptid tao
thanh trong tat ca cac mau thuy phan déu ting va mirc do ting ciing khac nhau tiy thudc
loai enzyme protease sir dung. Trong d6, ham lugng peptid cia mau thiy phan sun cé
map bang hdn hop enzyme alcalase - papain ting nhanh theo thoi gian thiy phan va ting
cao hon so vai cac mau thiry phan khac. Cu thé, sau 2 gid thuy phan, ham luong peptid
ciia mau thity phan sir dung hdn hop enzyme alcalase - papain cao gap 2,39 1an so Vi
ban dau va cao gap twong tng 1,52 lan, 1,64 lan, 1,86 lan va 2,09 lan so véi ham hrong
peptid tao thanh & mau thuy phan bang enzyme papain, alcalase, flavourzyme va
neutrase. Tuong tu nhu vay, sau 10 gio thiy phan, ham lwgng peptid cia mau thay phan
sun c& map bang hdn hop enzyme alcalase - papain cao gap t6i 2,96 1an so véi ban dau

va cao gap tuong tng 1,5 lan, 1,66 lan, 1,93 1an va 1,99 1an so v&i ham lugng peptid tao
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thanh & mau thuy phan sun cad map bing enzyme papain, alcalase, flavourzyme va
neutrase. Mat khéac, két qua ¢ trén con cho thiy papain va alcalase c6 kha ning thay
phan protein sun c& map tét hon cac enzyme flavourzyme va neutrase. Tir cac phan tich
& trén ciing cho thiy hdn hop enzyme alcalase - papain c6 kha ning thay phan protein
cua sun cd map manh mé hon so vdi cac enzyme papain, alcalase, flavourzyme va
neutrase khi sir dung mét minh.

Két qua nghién ciru cua luan &n ciing c6 nhitng nét twong dong véi mot sé nghién
ctru di cong b trude day. Cu thé, nam 2015, Vii Ngoc Boi va cong su cong bd nghién
ctru thay phan protein moi bién (Acetes sp) bang hdn hgp enzyme alcalase - bromelin
thd cho rang st dung hdn hop enzyme protease alcalase - bromelin dé thay phan protein
moi bién s& cho hiéu qua thuy phan tét hon st dung mét enzyme protease don va qué
trinh thuy phan phu thudc vao ty 18 phdi tron giita cac enzyme thanh phan [32].

Twr nhizng phan tich ¢ trén, khi xét theo khia canh ham lwong peptid tgo thanh
trong qud trinh thuy phdn cao hon thi siz dung hon hop enzyme alcalase - papain dé
thuy phan sun ca mdp sé tao ra thanh ham luong peptid trong dung dich tang manh theo
thot gian thuy phdn va tang cao hon cac enzyme protease khac da suw dung.

* /& ham lwong Naa

Két qua phan tich ¢ hinh 3.3 cho thay ciing giéng nhu su thay d6i ciia ham luong
protein va peptid trong qua trinh thuy phén, theo thoi gian thay phan ham luong Naa tao
thanh trong tat ca cac mau thuy phan déu ting va mirc do ting ciing khac nhau tiy thudc
loai enzyme protease sir dung. Ham luong acid amin thé hién qua chi s6 ham lugng Naa
cua mau thay phan bang hdn hop enzyme alcalase - papain ting nhanh theo thoi gian
thily phan va tang cao hon nhiéu so véi cdc mau thay phan sun cac map bang cac enzyme
protease khac. Sau 10 gid thiy phan, ham luong Naa cia mau thiy phan sun ca map
bang hdn hop enzyme alcalase - papain cao gap tgi 7,26 1an so véi ban dau va cao gap
tuong ung 2,0 1an, 2,11 lan, 2,61 1an va 3,06 lan so v4i ham luong Naa tao thanh & mau
thuy phan sun c& map bang enzyme papain, alcalase, flavourzyme va neutrase. Két qua
nay ciing cho thay hdn hop enzyme alcalase - papain ¢ kha nang thity phan protein cua
sun ca map thanh acid amin manh m& hon so v&i cac enzyme papain, alcalase,

flavourzyme va neutrase. Két qua ciing cho thay papain va alcalase ciing c6 kha ning
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thay phan protein caa sun cd map thanh acid amin tét hon cac enzyme flavourzyme va

neutrase.

Tur nhitng phan tich ¢ trén cho thdy siz dung hon hop enzyme alcalase - papain dé
thuzy phan sun ca mdp sé tqo thanh dich thuy phdn cé ham lwong Naa cao hon cdc enzyme
protease khac da sw dung.

* \/& ham lwong chondroitin sulfate

Tir két qua phan tich o hinh 3.4 cho thay ciing gidng nhu ¢ trén, theo thoi gian thiy
phan ham luong chondroitin sulfate tao thanh & tat ca cac mau thuy phan déu ting nhanh
va murc do tang ciing khac nhau tuy thudc loai enzyme protease. Trong d6, ham lugng
chondroitin sulfate cia mau thay phan sun c& map bang hon hop enzyme alcalase -
papain tao thanh ting nhanh theo thoi gian thiy phan va ting cao hon so véi cac mau
thay phan bang cac enzyme protease khac. Cu thé, sau 10 gio thay phan, ham luong
chondroitin sulfate cia mau thay phan sun c& map bang hon hop enzyme alcalase -
papain cao gap tdi 74,45 1an so véi ban dau va cao gap twong ung 1,83 lan, 1,89 lan,
3,55 lan va 4,92 1an so véi ham luong chondrotin sulphate tao thanh & mau thay phan
sun ca map bang enzyme papain, alcalase, flavourzyme va neutrase. Két qua nay mot
lan nira cho thay hdn hop enzyme alcalase - papain c6 kha ning thuy phan sun ca map
giai phong chondroitin sulfate manh m& hon so vdi cdc enzyme papain, alcalase,
flavourzyme va neutrase.

Két qua nay co thé duoc ly giai: trong cau tric cua md sun chondrotin sulphate
thuang gan két vai véi protein bang lién két o-glycosid tao thanh mét proteoglycan (PG)
(glucoprotein) [23, 81, 84] nam phia trong cua MO sun. Dudi tac dong ciia enzyme
protease, cau trdc md sun bi pha va giai phong ra chondroitin sulfate hoa tan trong nudc.
Do vay, ham lugng chondrotin sulphate tao thanh & mau thay phan sun ca map bang
enzyme tang theo thoi gian thay phan.

Tir nhitng phan tich ¢ trén cho thdy siz dung hén hop enzyme alcalase - papain
thuy ph&n sun c& mdp sé tao ra ham lwong chondroitin sulfate trong dich thuy phan cao

hon cdac enzyme protease khac da s dung.
* V& ham lwong Nnws
Tir két qua phan tich & hinh 3.5 cho thdy ham luong Nnws tao thanh trong cac mau
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thay phan theo thoi gian déu ting nhung muc d6 ting cham va khéac nhau khéng nhiéu.
Cu thé, sau 10 gid thuy phan, cdc mau thuy phan sun cad map bang enzyme: neutrase,
alcalase, flavourzyme, papain va hon hop enzym alcalase - papain c6 ham luong Nnws
cao twong Ung so voi ban dau 1a 1,3 1an, 1,27 lan, 1,32 lan, 1,29 1an va 1,27 lan so véi
ham luong Nnws ban dau. Két qua nay cho thdy cac mau thity phan sun c& map bang han
hop enzyme alcalase - papain, enzyme alcalase va papain c6 ham lueong Nnns tao thanh
thip hon chut it so mai c&c mau thiy phan khac nhung muc d6 chénh léch khong dang
ké va khong c6 y nghia thong ké. Két qua nghién cau cua luan an khi so sanh véi cac
nghién ciu thuy phan thit ca bang enzyme protease cua Vii Ngoc Boi, Lé Minh Chau,
Nguyén Lan Diing, Nguyén Thi Du, Tran Canh Pinh, Pang Van Hop va mét sé tac gia
khac [2, 5, 11+13, 23, 24, 30+32, 46] ciing cho quy luat tuong tu d6 1a ham luong Nas
tao thanh trong cac mau thuy phan theo thoi gian déu ting nhung murc d6 ting cham &
cac mau thi nghiém va khac nhau khéng nhiéu giira cac mau thi nghiém.

Tir tat ca nhing phan tich & trén cho thdy sir dung hon hop enzyme alcalase -
papain trong qua trinh thuy phan sun ca mdp sé tao thanh dich thuy phdn cé ham lwong
protein hoa tan, peptid, Naa va chondroitin sulfate tgo thanh theo thoi gian thuy phan
cao hon cac enzyme protease khdac da sw dung nhu neutrase, alcalase, flavourzyme,
papain. Mdt khdc, ham hierong Nnms teo thanh trong cac mau thuiy phan sun ca mdp lai
thdp va tuwong dirong véi nhau. Két qud nay cho phép lia chon hén hop enzyme alcalase
- papain lam tac nhan thuy phan sun ca mdap (C. dussumieri) dé thu dich thiy phan chia
chondroitin sulfate va cac thanh phan khac.

3.1.3. Xac dinh ty 1€ enzyme alcalase/papain thich hgp cho qua trinh thiy phan

Tién hanh 6 mau thi nghiém thay phan sun ca map (C. dussumieri) bang han hop
enzyme alcalase - papain vai ty ¢ alcalase/papain tinh theo ty 1€ trén 1 don vi hoat do
khac nhau: mau 1: thay phan bang hdn hop enzyme alcalase va papain theo ty 1& 80/20,
mau 2: 70/30, mau 3: 60/40, mau 4: 50/50, mau 5: 40/60 va mau 6: 30/70. Sau cac
khoang thoi gian: 0 gio, 2gio, 4gio, 6gio, 8gid va 10 gio, ldy mau dich thay phan dé
danh gid ham lugng protein hoa tan, ham lugng peptid, ham lugng Naa, ham luong

chondroitin sulfate va ham lugng Niwus tao thanh. Két qua trinh bay & cac hinh 3.6 +3.10.
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Hinh 3.6. Anh hwéng ciia thoi gian thity phén va ty 1¢ alcalase/papain dén ham lwgng
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Hinh 3.7. Anh hwéng ciia thoi gian thity phin va ty 1¢ alcalase/papain dén ham lwong
peptid tao thanh trong dich thiy phéin sun ca map
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Hinh 3.10. Anh hwéng ciia thoi gian thiy phan va ty 1¢ alcalase/papain dén ham lwong
Nnwus tao thanh trong dich thiy phan sun ca map

Tir céc két qua trinh bay & céc hinh 3.6 +3.10 cho thay:

* \/& ham lwgng protein

Két qua phan tich & hinh 3.6 cho thay theo thoi gian thity phan ham luong protein
hoa tan tao thanh trong tat ca cac mau thiy phan sun c& map bang hdn hop alcalase -
papain déu ting nhung muc do ting khac nhau tuy thudc vao ty Ié alcalase/papain sir
dung trong thi nghiém. Cu thé, ¢ giai doan sau 2 gio thiy phan, ham lugng protein hoa
tan cua dich thuy phan sun c& map bang hdn hop enzyme alcalase-papain voi ty 1¢
alcalase/papain bang 60/40 cao gap 2,84 lan so v4i ban dau va cao gap tuong tng 1,30
lan, 1,16 lan, 1,12 lan, 1,24 1an va 1,33 lan so v&i ham luong protein hoa tan tao thanh
& mau thuy phan bang enzyme hdn hop alcalase - papain theo ty 1 80/20, 70/30, 50/50,
40/60 va 30/70. O thoi diém sau 10 gio thity phan, ham lugng protein hoa tan cua dich
thuy phan sun c& map bang hdn hop enzyme alcalase - papain véi ty 1¢ alcalase/papain
bang 60/40 cao gap 6,54 lan so vé4i ban dau va cao gap twong ung 1,33 lan, 1,16 lan,
1,10 1an, 1,21 1an va 1,27 1an so véi ham lwong protein hoa tan tao thanh & mau thay
phan bang hén hop enzyme alcalase - papain vai ty Ié alcalase/papain tuong Gng la
80/20, 70/30, 50/50, 40/60 va 30/70. Két qua nay cho thay hdn hop enzyme alcalase -
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papain vai ty ¢ alcalase/papain bang 60/40 c6 kha ning thiy phan sun c& map tét hon
so véi thay phan sun c& map bing hdn hop enzyme alcalase - papain véi ty 1é
alcalase/papain I6n hon hoac nho hon 60/40.

Tur nhitng phan tich & trén cho thdy siz dung hén hop enzyme alcalase - papain véi
ty 1é alcalase/papain bang 60/40 dé thiy phan sun c& mdp sé tqo ra dich thiy phan c6
chita ham heong protein hoa tan cao hon khi sir dung hon hop alcalase - papain véi ty
I¢ alcalase/papain khac vai ty 1¢ 60/40.

* \/& ham lwong peptid

Két qua phan tich & hinh 3.7 cho thay ciing giéng nhu quy luat vé su thay di cua
ham lugng protein, theo thoi gian thily phan ham lugng peptid tao thanh trong tat ca cac
mau thity phan déu ting va muc do ting ciing khac nhau tuy thudc ty & giita enzyme
alcalase/papain. Trong d6, ham luong peptid cia mau thay phan sun ca& map bang hdn
hop enzyme alcalase - papain vai ty 1€ enzyme alcalase/papain 1a 60/40 ludn tang nhanh
hon theo thoi gian thity phan va tang cao hon so véi cac mau thuy phan khéc. Cu thé,
sau 2 gio thity phan, ham lwong peptid ctia mau thay phan st dung hdn hop enzyme
alcalase-papain theo ty 1& 60/40 cao gap 2,55 lan so v&i ban dau va cao gap twong tng
1,35 lan, 1,19 lan, 1,12 1an, 1,23 lan va 1,28 lan so véi ham luong peptid tao thanh ¢
mau thay phan hén hop sun ca& map bang hdn hop enzyme alcalase-papain voéi ty 18
tuong tng la 80/20, 50/50, 40/60 va 30/70. Tuong tu nhu vay, sau 10 gio thay phan,
ham lugng peptid cia mau thiry phan sir dung hon hop enzyme alcalase-papain theo ty
16 60/40 cao gap 3,26 1an so véi ban dau va cao gap twong ung 1,34 lan, 1,19 lan, 1,11
lan, 1,23 l1an va 1,28 lan so v&i ham luong peptid tao thanh ¢ mau thay phan hdn hop
sun ca map bang hdn hop enzyme alcalase-papain vai ty 1& twong wng la 80/20, 50/50,
40/60 va 30/70.

Tur c&c phan tich o trén cho thdy khi xét theo khia canh ham lwong peptid tgo thanh
cao trong dich thuiy phan thi siz dung hon hop enzyme alcalase - papain véi ty 1¢ alcalase
so voi papain la 60/40 la phu hop.

* \/& ham lwgng Naa

Két qua phan tich ¢ hinh 3.8 cho thiy gan giéng nhu sy thay ddi cua ham luong
protein va peptid trong qua trinh thuy phén, theo thoi gian thuy phan ham luong Naa tao
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thanh trong tat ca c4c mau thiy phan déu ting va mirc d6 tang tly thudc vao ty 18 giia
enzyme alcalase/papain. Trong d6, ham luong Naa ciia mau thay phan hon hop sun ca
map bang hdn hop enzyme alcalase - papain vai ty 1& enzyme alcalase/papain 1a 60/40
ludn ting nhanh hon theo thoi gian thuy phan va ting cao hon so véi cac mau thuy phan
khac. Cu thé, sau 2 gio thiiy phan, ham luong Naa cia mau thuy phan sir dung hdn hop
enzyme alcalase-papain theo ty 1& 60/40 cao gap 4,30 lan so v4i ban dau va cao gap
turong ¢ng 1,35 lan, 1,15 lan, 1,09 lan, 1,12 1an va 1,23 lan so v6i ham lwong Naa tao
thanh & mau thuy phan hdn hop sun cad map bang hdn hop enzyme alcalase-papain véi
ty 1& twong ung 1a 80/20, 50/50, 40/60 va 30/70. Tuong tw nhu vay, sau 10 gio thuy
phan, ham luong Naa ciia mau thay phan st dung hdn hop enzyme alcalase-papain theo
ty 1& 60/40 cao gap 7,91 lan so v&i ban dau va cao gap twong (ng 1,34 1an, 1,16 lan, 1,09
lan, 1,12 1an va 1,22 lan so v&i ham lwong Naa tao thanh ¢ mau thay phan hdn hop sun
c& map bang hdn hop enzyme alcalase-papain vai ty Ié twong tng 1a 80/20, 50/50, 40/60
va 30/70.

Tur nhizng phan tich ¢ trén cho thay siz dung hdn hop enzyme alcalase - papain dé
thuy phan sun ca mdp vai ty |é alcalase/papain la 60/40 thi ham lwong nito acid amin
tgo thanh trong dich thuy phan sun ca& mdp cao nhdt so véi cac mau thi nghiém khéc.

* \/é ham hrong chondroitin sulfate

Tir két qua phan tich & hinh 3.9 cho thay theo thoi gian thay phan ham lugng
chondroitin sulfate tao thanh trong tat ca cac mau thity phan déu ting va tiry thudc vao
ty 1¢ giita enzyme alcalase/papain. Trong d6, ham luong chondroitin sulfate cia mau
thay phan hdn hop sun ca map bang hon hop enzyme alcalase - papain véi ty Ié enzyme
alcalase/papain la 60/40 cling luén tang nhanh hon theo thoi gian thiy phan va tang cao
hon so véi cac mau thiy phan khac. Cu thé, sau 2 gio thiy phan, ham lugng chondroitin
sulfate cuia mau thuy phan sir dung hon hop enzyme alcalase-papain theo ty 1é 60/40 cao
gap 23,94 1an so véi ban dau va cao gap twong ¢ng 1,08 1an, 1,04 lan, 1,05 lan, 1,09 lan
va 1,15 lan so véi ham luong chondroirin sulphate tao thanh & mau thay phan hdn hop
sun ca map bang hdn hop enzyme alcalase-papain vai ty 1& twong wng 1a 80/20, 50/50,
40/60 va 30/70. Tuong tu nhu vay, sau 10 gio thuy phan, ham lugng chondroitin sulfate

cua mau thay phan st dung hdn hop enzyme alcalase-papain theo ty 16 60/40 cao gap
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78,17 1an so véi ban dau va cao gap twong ung 1,07 1an, 1,04 lan, 1,05 lan, 1,08 lan va
1,10 1an so véi ham luwong chondroitin sulfate tao thanh & mau thuy phan sun ca map
bang hdn hop enzyme alcalase-papain véi ty 1é alcalase/papain twong tng la 80/20,
50/50, 40/60 va 30/70.

Tur nhizng phan tich ¢ trén cho thdy khi xét theo khia canh ham lirong chondroitin
sulfate tgo thanh cao thi siz dung hon hop enzyme alcalase - papain dé thity phan sun
ca mdp voi ty 1¢ alcalase/papain 60/40 1a phu hop.

* \/& ham lwong Nnws

Két qua phan tich & hinh 3.10 cho thdy ham luong Nnms tao thanh trong cac mau
thay phan sun c& map bang hdn hop enzyme alcalase-papain déu ting theo thoi gian
thity phan nhung mirc do ting cham va khac nhau khdng déng ké. Cuy thé, sau 10 gio
thay phan, cac mau thity phan sun ca map bang hdn hop enzym alcalase - papain véi ty
1é alcalase/papain khac nhau: 80/20, 70/30, 60/40, 50/50, 40/60 va 30/70 déu c6 ham
lwong Nnws tang trong khoang tir 1,25+1,26 1an so véi ban dau va sy chénh léch vé ham
lwong Nnws gitra cac mau thi nghiém khong cé ¥ nghia théng ké.

Tur tat ca nhizng phan tich & trén cho thdy sir dung té hop enzyme alcalase - papain
thuy phan sun c& mdp vai ty I¢ alcalase/papain si dung la 60/40 thi dich thuy phan cé
ham lwong protein hoa tan, peptid, Naa va chondroitin sulfate tzo thanh theo thoi gian
thuy phan cao hon khi sir dung té hop enzyme alcalase - papain vdi ty |é alcalase/papain
khdc 60/40 dé thiy phan sun c& mdp. Mdt khdc, ham lwong Nams tao thanh trong cac
mau thuy phan sun ca mdp lai thdp. Két qua nay cho phép lwa chon ty Ié giza enzyme
alcalase va papain trong hon hop alcalase - papain 1a 60/40 dung cho qué trinh thay
phan sun cd mdp (C. dussumieri) voi muc tiéu thu dich thuay phdn cé ham lwong
chondroitin sulfate cao.

3.1.4. Xac dinh ndong d9 hon hop enzyme alcalase - papain thich hgp cho qua trinh
thuy phan

Tién hanh 5 mau thi nghiém thuy phan sun c& map bang hdn hop enzym alcalase -
papain (ty 1¢ alcalase/papain trong hdn hop 1a 60/40) v&i ndng d6 hdn hop sir dung khéc
nhau trong khoang 0,1% +0,5%, budc nhay la 0,1%. Sau cac khoang thoi gian: 0 gio,
20i0, 4gio, 6gio, 8gio va 10 gio, tién hanh ldy mau dich thiy phan dé danh gia ham
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lugng protein hoa tan, ham lugng peptid, ham Iugng Naa, ham lugng chondroitin sulfate
va ham luong Nnns. Két qua danh gia duoc thé hién trén cac hinh 3.11 +3.15.
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Hinh 3.15. Anh hwéng ciia nong dd hdn hop enzyme alcalase-papain va thoi gian thiy
phan dén ham lugng Nnus tao thanh trong dich thiy phan sun ca map

Tir két qua danh gia trinh bay & céc hinh 3.11 +3.15 cho thay:

* \/& ham lwong protein

Két qua phan tich ¢ hinh 3.11 cho thay theo thoi gian thity phan ham luong protein
hoa tan tao thanh trong tat ca cac mau thay phan thay phan sun ca& map bang hdn hop
alcalase-papain déu ting theo sy ting néng do cia hdn hop enzyme protease va ting
theo thoi gian thuy phan nhung murc d6 ting khac nhau tiy thuoc vao nong do hon hop
enzyme st dung. Cu thé, sau 2 gid thiy phan, ham lugng protein hoa tan cua dich thay
phan sun ca map bang hdn hop enzyme alcalase-papain & ndng do enzyme 0,1%, 0,2%,
0,3%, 0,4% va 0,5% tuong ung la 4,45 mg/g, 5,37mg/g, 6,24mg/g, 6,34mg/g va
6,46mg/g, cao gap 2,23 lan, 2,69 lan, 3,12 1an, 3,17 lan va 3,23 lan so véi ban dau. Sau
10 gio thary phan, ham lwong protein hoa tan cua dich thay phan sun c& map bang hdn
hop enzyme alcalase-papain & néng do st dung 0,1%, 0,2%, 0,3%, 0,4% va 0,5% la
10,16mg/g, 12,98mg/g, 14,12mg/g, 14,67mg/g va 14,89mg/g, cao gap twong (g SO V4i
ban dau 12 5,08 lan, 6,49 lan, 7,06 lan, 7,34 1an va 7,45. Két qua nay cho thay khi ting
nong d6 hdn hop enzyme alcalase - papain tir 0,1% +0,3% thi ham lwgng protein hoa
tan tao thanh trong dich thiy phan ting manh theo thoi gian va taing manh theo chiéu

taing nong d6 enzyme. Tuy vay, Khi ting ndng do hdn hop enzyme alcalase - papain >
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0,3% thi ham lugng protein hoa tan tao thanh trong dich thuy phan lai c6 xu thé ting
cham lai va khong twong xtng véi mic do ting néng do enzyme. Mit khac, két qua
danh gia ciing cho thay sy khac biét vé ham lwong protein hoa tan tao thanh trong dich
thiy phan & cac mau bd sung 0,3%, 0,4% va 0,5% khong dang ké, khong c6 y nghia
thng ké. Nhu vay, khi ting ndng d6 hdn hop enzyme alcalase - papain > 0,3% thi khdng
lam tang dang ké ham luong protein hoa tan trong dich thity phan din tgi néu ting nong
do hon hop enzyme alcalase - papain > 0,3% s& dan téi lang phi enzyme.

Két qua nghién ciru cua luan &n ciing c6 nhitng nét twong ddng véi mot sé nghién
ctru di cong bd trude day. Cu thé, naim 2003 va 2004, Vii Ngoc Boi khi nghién cau vé
qué trinh thuy phan protein c& méi va ca com bang enzyme protease B. subtilis S5 cho
thiy nong d6 enzyme protease B. subtilis S5 thich hop cho qué trinh thity phéan co thit
ca mbi trong san xuat bot dam thuy phan 1a 0,3% va néng do enzyme protease tir B.
subtilis S5 thich hop cho qué trinh thity phan ca com trong san xuat nuéc mam 12 0,2%
[30, 31]. Nam 2010, Tran Canh Dinh tién hanh thiy phan hén hop sun ca map kho bang
enzyme protease cho rang nong do enzyme protease thich hop 12 0,2% [23].

Tur nhitng phan tich ¢ trén cho thay sir dung hon hep enzyme alcalase - papain ¢
nong dé 0,3% la phi hop cho qua trinh thiy phan sun ca mdp.

* V& ham lwong peptid

Két qua phan tich o hinh 3.12 cho thiy ciing giéng nhu ham luong protein, ham
luong peptid tao thanh trong tat ca cac mau thity phan thuy phan sun ca map bang hdn
hop enzyme alcalase-papain déu ting theo nong do6 enzyme va thoi gian thay phan
nhung murc d6 ting khac nhau tuy thudc vao ndng do hdn hop enzyme sir dung. Cu thé,
& thoi diém sau 2 gio thuy phan, ham luong peptid tao thanh trong dich thay phan sun
c& map bang hdn hop enzyme alcalase-papain twong (ng véi ndng do enzyme 0,1%,
0,2%, 0,3%, 0,4% va 0,5% la 0,015146mg/ml, 0,01748mg/ml, 0,020139mg/ml,
0,020561mg/ml va 0,020773mg/ml, cao gap twong tng 2,16 lan, 2,50 lan, 2,88 lan, 2,94
lan va 2,97 1an so véi ban dau. O thoi diém sau 10 gio thiy phan, ham luong peptid tao
thanh trong dich thiy phan sun ca map bang hdn hop enzyme alcalase-papain tuong tng
Vi néng 46 enzyme 0,1%, 0,2%, 0,3%, 0,4% va 0,5% la 0,019327mg/ml,
0,02228mg/ml, 0,025735mg/ml, 0,026218mg/ml va 0,026564mg/ml, cao gap 2,76 lan,
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3,18 lan, 3,69 lan, 3,75 lan va 3,80 lan so vé&i ban dau. Két qua nay cho thay khi tiang
ndng do6 hdn hop enzyme alcalase - papain tir 0,1% +0,3% thi ham lwong peptid tao
thanh trong dich thuy phan ciing ting manh theo thoi gian va ting manh theo chiéu ting
nong d6 enzyme. Nhung khi ting ndng do hdn hop enzyme alcalase - papain > 0,3% thi
ham luong peptid tao thanh trong dich thiy phan ting rat it va khong twong xing véi
muc do ting ndng dd enzyme. Mit khac, két qua danh gia ciing cho thay sy khéc biét vé
ham luong peptid tao thanh trong dich thuy phan & cdc mau bd sung 0,3%, 0,4% va
0,5% khong dang ké va khong c6 ¥ nghia thong ké. Nhu vay, khi ting ndng d6 hdn hop
enzyme alcalase - papain > 0,3% thi khong lam tang ham lugng peptid trong dich thuy
phan dn téi néu ting ndng d6 hdn hop enzyme alcalase - papain > 0,3% s& dan t&i 1ang
phi enzyme.

Tir c&c phan tich vé ham lwong peptid cho thdy nong dé hon hop enzyme alcalase -
papain thich hop cho qua trinh thiy phan sun ca mdp la 0,3%.

* \/& ham lwong Naa

Két qua phan tich trinh bay & hinh 3.13 ciing cho thdy ham luong Naa tao thanh
trong tat ca cac mau thity phan sun ca map bang hén hop alcalase-papain déu tang theo
thoi gian thuy phan va néng do hdn hop enzyme nhung muc do ting cua cac mau thi
nghiém sir dung nong do enzyme khac nhau ciing khac nhau. Cuy thé, sau 2 gio thay
phan, ham lwong Naa cua dich thiy phan twong ¢ng véi ndng d6 hdn hop enzyme 0,1%,
0,2%, 0,3%, 0,4% va 0,5% la 5,21243mg/qg, 6,12456mg/g, 7,00673mg/g, 7,11911mg/g
va 7,21414mglg, cao gap tuong (g so voi ban dau 1a 4,24 1an, 4,98 lan, 5,70 lan, 5,79
lan va 5,87 lan. O thoi diém sau 10 gio thity phan, ham luong Naa cua dich thity phan
sun ca map béng hdn hop enzyme alcalase-papain & néng do 0,1%, 0,2%, 0,3%, 0,4%
va 05% Ila 8,28690mg/g, 9,62671mg/g, 11,08536mg/g, 11,36078mg/g va
11,56613mg/g, cao gap 6,74 lan, 7,83 1an, 9,01 1an, 9,24 1an va 9,40 1an so véi ban dau.
Két qua nay ciing cho thay khi ting nong d6 hdn hop enzyme alcalase - papain tir 0,1%
+0,3% thi ham luong Naa tao thanh trong dich thuy phéan sun ca map tang manh theo
chiéu ting ndng d6 enzyme va thoi gian thuy phan. Trai lai, khi ting ndng do hdn hop
enzyme alcalase - papain > 0,3% thi ham lugng Naa tao thanh trong dich thuay phan lai
tang rat cham, khong dap ung dugc mirc do ting nong do enzyme. Nhu vay, khi ting
nong d6 hdn hop enzyme alcalase - papain > 0,3% thi khéng lam ting dang ké ham

61



lugng Naa trong dich thuy phan dan téi néu ting ndong d6 hon hop enzyme alcalase -
papain > 0,3% c6 thé dan t6i 1ang phi enzyme.

Tur nhing phan tich & trén cho thdy khi xét theo ham heong nito acid amin tao
thanh cao thi siz dung hén hop enzyme alcalase - papain dé thiy phan sun ca mdp ¢
nong dé enzyme 0,3% la phu hop.

* \/é ham hrgng chondroitin sulfate

Két qua phan tich trinh bay & hinh 3.14 cho thiy ham luong chondroitin sulfate tao
thanh trong tat ca cac mau thay phan thay phan sun ca map bang hon hop alcalase-
papain ciing déu ting theo thoi gian thuy phan va nong d6 hdn hop enzyme nhung mic
d6 tang khac nhau tuy thudc vao néng do enzyme. O giai doan sau 2 gid thiry phan sun
ca map bang hdn hop enzyme alcalase-papain, ham lwgng chondroitin sulfate tao thanh
trong dich thay phan caa cac mau thi nghiém st dung enzyme véi nong do 0,1%, 0,2%,
0,3%, 0,4% va 0,5% la 7,33062mg/ml, 9,11400mg/ml, 9,84540mg/ml, 10,43168mg/ml
va 10,54282mg/ml, cao gap tuong ang so véi ban dau 1a 18,85 lan, 23,43 lan, 25,31 lan,
26,82 lan va 27,10 lan. O thoi diém sau 10 gio thay phan sun c& map bang hén hop
enzyme alcalase-papain, ham lugng chondroitin sulfate ctaa dich thuy phan twong tng
VGi ndng d6 enzyme da sir dung 0,1%, 0,2%, 0,3%, 0,4% va 0,5% la 23,23486mg/ml,
28,40800mg/ml, 32,44880mg/ml, 33,05696mg/ml va 33,09104mg/ml, cao gép tuong
rng 59,73 lan, 73,03 lan, 83,42 lan, 84,98 lan va 85,07 lan so véi ban dau. Két qua nay
cho thay khi ting ndng d6 hdn hop enzyme alcalase - papain tir 0,1% +0,3% thi ham
lwgng chondroitin sulfate tao thanh trong dich thity phan ting manh theo chiéu tang nong
d6 enzyme. Tuy vdy, khi ting nong d6 hdn hop enzyme alcalase - papain > 0,3% thi
ham lugng chondroitin sulfate tao thanh trong dich thiy phan c¢6 xu hudng tang cham
lai va mirc do ting khong twong xing véi mic do ting ndng d6 enzyme. Mit khéc, két
qua danh gia ciing cho thay sy khéac biét vé ham luong chondroitin sulfate tao thanh
trong dich thiy phan cua cac mau bo sung enzyme véi nong d6 0,3%, 0,4% va 0,5%
khong dang ké va khong c6 y nghia théng ké. Nhu vdy, khi ting nong do hdn hop
enzyme alcalase - papain > 0,3% thi khong lam ting dang ké ham lugng chondroitin
sulfate trong dich thity phan dan t6i khi ting nong d6 hdn hop enzyme alcalase - papain

> 0,3% s& dan tgi lang phi enzyme.
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Tur nhatng phan tich ¢ trén khi xét theo ham lwong chondroitin sulfate tzo thanh
cao thi nong dé hon hop enzyme alcalase - papain thich hop cho qua trinh thiy phan
sun ca mgp la 0,3%.

* \/& ham lwong Nnws

Tir két qua phan tich ¢ hinh 3.15 cho thay ham lwong Nnws tao thanh trong cac
mau thuy phan sun ca map bang hdn hop enzyme alcalase-papain voi nong do enzyme
sir dung khac nhau déu ting theo thoi gian thuy phin nhung mirc do ting cham va khac
nhau khong dang ké giira cac mau thi nghiém. Cu thé, sau 10 gio thay phan sun ca map
bang hdn hop enzym alcalase - papain, cac mau thuy phan sir dung enzyme véi nong
d6: 0,1%, 0,2%, 0,3%, 0,4% va 0,5% déu c6 ham lugng Nnws tang trong khoang tur 1,13-
1,27 1an so véi ban dau va su chénh léch vé ham luong Nnws gitra cAc mau thi nghiém
khoéng c6 ¥ nghia thong ké.

Tur tat ca nhieng phan tich & trén cho thdy dé tao thanh dich thiy phan c6 ham
lwong protein hoa tan, ham lwong peptid, ham lwong nito acid amin, ham lwong
chondroitin sulfate cao thi néng dg hon hop enzyme alcalase - papain thich hop cho qua
trinh thzzy phan sun ca mdp la 0,3%.

3.1.5. Xac dinh ty 1¢ nuéc bo sung thich hop cho qua trinh thily phan

Tién hanh 5 mau thi nghiém nhu bé tri thi nghiém & trén, méi mau thuy phan déu
st dung 2kg sun ca map, ty I¢ alcalase/papain trong hon hop 60/40, ndng do hdn hop
enzyme su dung la 0.3%, thuy phan & pH tu nhién (pH 6,8), nhiét do thuy phan 50°C
nhung ti 1¢ sun/nudc bod sung khac nhau lan lwot mau 1: 70/30, mau 2: 60/40, mau 3:
50/50, mau 4: 40/60 va mau 5: 30/70. Sau cac khoang thdi gian: 0 gio, 2gio, 4gid, 6gio,
8gio va 10 gio, tién hanh l1dy mau dich thuy phan dé danh gia ham luong protein hoa
tan, ham lugng peptid, ham lugng Nas, ham lwong chondroitin sulfate va ham lwong
Nnms. Két qua danh gia duoc thé hién trén cac hinh 3.16 +3.20.

Tir két qua phan tich trinh bay & cac hinh 3.16 +3.20 cho thay:

* \/é ham hrong protein hoa tan

Két qua phan tich ¢ hinh 3.16 cho thay theo thai gian thity phan ham luong protein

hoa tan tao thanh trong tat ca cac mau thuy phan sun c& map véi ti 1é sun/nudée 1a: 70/30,

60/40, 50/50, 40/60 va 30/70 déu ting theo su tang ti 1¢ sun/nudc va thoi gian thuy phan
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nhung murc d6 ting khac nhau tiy thudc vao ti 1é sun/nudc. Cu thé, sau 2 gio thuy phan,
ham lwong protein hoa tan cua dich thay phan sun cad map bang hdn hop enzyme
alcalase-papain vai ti 1€ sun/nude la: 70/30, 60/40, 50/50, 40/60 va 30/70 la 4,43mg/q;
5,35mg/g; 6,74mg/g; 6,66mg/g va 6,46mg/g, cao gap 2,21 lan; 2,81 lan; 3,49 lan; 3,07
lan; va 3,06 1an; so vé6i ban dau. Sau 10 gid thuy phan, ham lwong protein hoa tan cua
dich thay phan sun c& map bang hdn hop enzyme alcalase-papain véi ti 1& sun/nudc:
70/30, 60/40, 50/50, 40/60 va 30/70 1a 10,14mg/g; 12,61mg/g:15,52mg/g; 13,37mg/g va
13,08g/g, cao gap twong ng So V4i ban dau l1a 3,23 l1an; 4,08 l1an; 4,68 lan; 5,01 lan va
6,51 lan. Két qua phan tich ciing cho thay ham lugng protein cia mau thity phan sun cé
map bang hdn hop alcalase-papain vai ti 1& sun/nudc 12 50/50 cao hon tat ca ca mau thi
nghiém thity phan sun ca map khac. Két qua nay c6 thé giai thich: vé mat ly thuyét vé
dong hoc qua trinh thay phan bang enzyme protease thi nudc ciing 1a mot thanh phan
tham gia phan ¢ng thay phan. Khi ti 1& sun/nuée 1a 30/70 thi ty 1é nude bo sung qué cao
dan toi co chat bi pha lodng do vay kha nang tiép xdc gitra enzyme va co chat bi han ché
nén qua trinh thity phan dién ra cham hon nén ham lwong protein hoa tan thu dugc thap.
Khi ti 1¢ sun/nudc cao 70/30 tic ty 18 nude bo sung qué it tic nong do co chéat qua cao
khong thich hop cho phan &ing nén téc do phan ung thiy phan giam. Khi ti 1& sun/nuéc
la 50/50 tirc du nuwdc cho qué trinh thuy phan nén kha ning tiép x(c cia enzyme va co
chat t6t nhat nén qua trinh thity phan dién ra manh mé nhat. Vi vay, ham luong protein
tao thanh trong qua trinh thay phan cao nhit.

Két qua nghién cau cua luan an ciing phu hop véi quy luat thay phan caa cac
nghién ctru vé qua trinh thity phan co thit c& méi trong qué trinh san xuét bot dam thay
phan va qué trinh thuy phan co thit c4 com bang protease B. subtilis S5 cua Vii Ngoc
Boi cong bd nam 2004 [30, 31] hay két qua thay phan protein moi bién bang hdn hop
enzyme protease alcalase va bromelain cta Vit Ngoc Boi, Lé Huong Thuy va cong su
cdng bd nam 2015 [32], hay két qua nghién ciru thuy phan co thit cac trich cua Lé Minh
Chau, Vil Ngoc Boi va cong sy cong bb 2017 [5], hay nghién ciu thuy phan sun cd map
kho bang enzyme protease cuia Tran Canh Dinh va cong su cong bd nam 2010 [23], Nam
2000, bang Van Hop cong bd nghién ctru thay phan ca com trong san Xuat nugc mam
bang enzyme protease A. oryzae A4 ciing c6 quy luat twong ti [2] hodc nghién ctu thay
phan protein ca bang proteinase dau tdm ctia Nguyén Vian Lé cong bd nam 1996 [13].
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Tur nhitng phan tich ¢ trén cho thdy si dung ti 16 sun/nwéc bang 50/50 thi qua trinh
thuy phan sun ca mdp sé tao ra dich thuy phan c6 chita ham lwong protein hoa tan cao

hon c&c mau thuiy phan véi ti 1é sun/nuwréc khéc véi ti 16 50/50.
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Hinh 3.16. Anh hwéng ciia ti 1¢ sun/nwéc bo sung va thoi gian thity phan dén ham
lwgng protein hoa tan cia dich thily phan sun ca map
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Hinh 3.17. Anh hwéng ciia ti 1¢ sun/nuée bo sung va thoi gian thily phan dén ham
luwgng peptid ciia dich thiy phan sun ca map
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Hinh 3.18. Anh hwéng ciia ti 1 sun/nwéc bo sung va thoi gian thity phan dén ham
lwgng Naa cua dich thiy phan sun ca map
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Hinh 3.19. Anh hwéng ciia ti 1é sun/nuée bo sung va thoi gian thily phan dén ham
lwgng chondroitin sulfate ctia dich thiyy phan sun c4 mip
* /& ham lwgng peptid
Két qua phan tich ¢ hinh 3.17 cho thay ciing gidng nhu su thay doi cuia ham luong
protein trong qua trinh thuy phan, theo thoi gian thiy phan ham Iugng peptid tao thanh
trong tat ca cac mau thuy phan déu ting va muc do ting ciing khac nhau tuy thudc ty 1¢

sun/nudc. Trong d6, ham lugng peptid cia mau thiay phan hdn hop sun ca map voi ti 1é
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sun/nudc 50/50 ludn tang nhanh hon theo thoi gian thuy phén va tang cao hon so voi
cac mau thay phan khéc. Cu thé, sau 2 gio thiy phan, ham luong peptid cia mau thay
phan sir dung hdn hop enzyme 50/50 cao gap 4,71 1an so véi ban dau va cao gip tuong
tng 2,02 1an, 2,52 1an, 3,36 1an va 3.49 1an so véi ham luong peptid tao thanh & mau
thay phan sun c& map bing hdn hop enzyme alcalase-papain véi ty 18 sun/nuéc 1a: 70/30,
60/40, 40/60 va 30/70. Tuong tu nhu vay, sau 10 gio thuy phan, ham lugng peptid cua
mau thuy phan st dung hdn hop enzyme 50/50 cao gap 5,12 1an so véi ban dau va cao
gap twong (ng 2,79 l1an, 3,20 1an, 4,14 1an va 3.69 1an so véi ham lwong peptid tao thanh
& mau thay phan hdn hop sun ca map bang hdn hop enzyme alcalase-papain vai ty 18
sun/nudce la: 70/30, 60/40, 40/60 va 30/70.

Tir nhitng phan tich & trén cho thdy khi xét theo ham lwong peptid tgo thanh cao
trong djich thiy phan thi si dung hdn hop enzyme alcalase - papain véi ty 1é sun nuéc
50/50 la phu hop.

140

130 //

=

<3

ko]

<

<

O

5

2

>

; 110

Z. 70/30 60/40 ——50/50

oNn

§. 100 40/60 30/70

g

-

: 90 T T T T 1
0 2 4 6 8 10

Thoi gian thuy phan (gio)

Hinh 3.20. Anh hwéng ciia ti 1¢ sun/nuée bo sung va thoi gian thity phan dén ham
lwgng Nnns ctia dich thily phan sun ca map
* \/& ham lwong Naa
Két qua phan tich & hinh 3.18 cho thiy gan giéng nhu quy luit vé su thay ddi cua
ham luong protein va peptid trong qua trinh thity phan sun c& map bang hdn hop enzyme
alcalse - papain, theo thoi gian thuy phan ham luong Naa tao thanh trong tat ca cac mau

thiy phan déu ting va tiy thudc vao ty Ié gitra sun/nuée. Trong d6, ham luong Naa cua
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mau thay phan hdn hop sun ca map bang hdn hop enzyme alcalase - papain véi ty 18
sun/nudce 1a 50/50 ludn tang nhanh hon theo thoi gian thiy phan va tang cao hon so vai
cac mau thay phan khéc. Cu thé, sau 2 gio thuy phan, ham lugng Naa cua mau thuy
phan str dung hdn hop enzyme alcalase-papain theo ty 18 sun/nuéc 1a 50/50 cao gap 5,87
lan so véi ban dau va cao gip tuong wng 4,89 lan, 4,99 lan, 1,09 lan, 5,84 lan va 5,83
lan so véi ham luong Naa tao thanh & mau thay phan hdn hop sun c& map bang hdn hop
enzyme alcalase-papain vai ty Ié twong ung 1a 70/30, 60/40, 40/60 va 30/70. Tuong tu
nhu vay, sau 10 gio thuy phan, ham lwong Naa caa mau thuy phan sir dung hon hop
enzyme alcalase-papain theo ty Ié sun/nudc la 50/50 cao gap 9,89 lan so véi ban dau va
cao gap twong ¢tng 6,73 l1an, 7,84 lan, 9,23 lan va 9,06 lan so v&i ham lwong Naa tao
thanh & mau thuy phan sun cad map bang hon hop enzyme alcalase-papain véi ty 1¢
sun/nude tuong tng la 70/30, 60/40, 40/60 va 30/70.

Tir nhizng phan tich ¢ trén cho thdy khi xét theo ham lwong nito acid amin tao
thanh cao thi siz dung hdn hop enzyme alcalase - papain d@é thity phan sun ca mdp véi
ty 1 sun/nudc la 50/50 thi ham lwong nito acid amin ta0 thanh trong dich thuy phan sun
c& Mdp cao hon cdc mau thi nghiém khdc trong ciing diéu kién thiy phan.

* V& ham lwgng chondroitin sulfate

Tir két qua phan tich ¢ hinh 3.20 cho thay theo thoi gian thity phan ham luong
chondroitin sulfate tao thanh trong tat ca cdc mau thiy phan déu ting va tuy thudc vao
ty & giita sun/nuéc bo sung. Trong d6, ham luwong chondroitin sulfate cua mau thiy
phan hdn hop sun ca map vai ti 1é sun/ nuée bo sung 1a 50/50 ciing ludn ting nhanh hon
theo thoi gian thuy phan va ting cao hon so vai cac mau thity phan khéac. Cu thé, sau 2
gid thity phan, ham luong chondroitin sulfate caa mau thity phan sir dung ty 1 sun/nuéc
bd sung 50/50 cao gap 26,59 lan so vai ban dau va cao gap twong tng 19.39 lan, 23,46
lan, 25,79 lan va 25,36 lan so véi ham lugng chondroirin sulphate tao thanh ¢ mau thay
phan hdn hop sun c& map véi ty 1& sun/nudc bd sung trong tng 1a 70/30, 60/40, 40/60
va 30/70. Tuong ty nhu vay, sau 10 gio thuy phan, ham lugng chondroitin sulfate cua
mau thay phan c6 ty 18 sun/nudc bd sung 50/50 cao gap 84,99 1an so véi ban dau va cao
gap twong tng 62,01 1an, 72,79 lan, 79,54 1an va 76,75 lan so véi ham luong chondroirin

sulphate tao thanh & mau thay phan hdn hop sun ca& map véi ty 1é sun/nudc bd sung
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tuong ung la 70/30, 60/40, 40/60 va 30/70.

Tur nhitng phan tich ¢ trén cho thdy sir dung hdn hop enzyme alcalase - papain dé
thuiy phan sun ca mdp Vdi ty 1é sun/nuéc bé sung la 50/50 thi ham lwong chondroitin
sulfate tgo thanh trong dich thiy phan sun c& mdp cao hon cdc mdu thi nghiém khac
trong cung diéu kién thiy phan.

* \/& ham lwong Nnws

Két qua phan tich & hinh 3.19 cho thiy ham luong Nnms tao thanh trong cac mau
thuy phan sun c& map vdi ti 1é sun/nude khac nhau déu ting theo thoi gian thuy phan
nhung mirc d6 tang cham va khac nhau khéng nhiéu. Cu thé, sau 10 gid thuy phan, cac
mau thay phan sun ca map véi ti 1& sun/nude 70/30, 60/40, 50/50, 40/60 va 30/70 déu
c6 ham lugng Nnms ting trong khoang tir 1,24-1,34 lan so véi ban dau va su chénh léch
vé ham lugng Nk giita cac mau thi nghiém khong c6 ¥ nghia théng ke.

Tur tat ca cac phan tich & trén cho thdy thiy phan sun c& mdp bang hén hop enzyme
alcalase-papain tqo thanh dich thuy phdn co ham lwong protein hoa tan, peptid, Naa,
chondroitin sulfate cao nhung ham lwong Nnns tao thanh lai khéng cao thi ty I¢é sun/nuéc
bé sung 50/50 14 thich hgp nhdt va dwroc lia chon cho cac nghién cizu tiép theo.

3.1.6. Xac dinh pH thich hgp cho qua trinh thiy phan

Tién hanh 5 mau thi nghiém thity phan sun ca map bang hn hop enzyme alcalase-
papain voi pH khac nhau: mau 1: thay phan ¢ pH 6.0, mau 2: thay phan & pH 6.5, mau
3: thay phéan ¢ pH tyu nhién (6,8), mau 4: pH 7,0, mau 5: pH 7,5 va mau 6: thiy phan ¢
pH 8.0. Cac mau thuy phan déu str dung 2kg sun ca map, ty I¢ alcalase/papain trong hon
hop 60/40, ndng d hdn hop enzyme alcalase-papain véi nong do 0.3%, ti 1& nudc bd
sung la 50/50 va nhiét do thuy phan 50°C. Sau cac khoang thoi gian: 0 gio, 2gio, 4gio,
6gio, 8gid va 10 gio, tién hanh ldy mau dé danh gia ham luong protein hoa tan, ham
luong peptid, ham luong Naa, ham lwong chondroitin sulfate va ham luong Nnns. Két

qua duoc trinh bay ¢ cac hinh 3.21 + 3.25.
Tir két qua phan tich trinh bay ¢ cac hinh 3.21 + 3.25 cho thay:
* \/é ham hrong protein hoa tan

Két qua phan tich & hinh 3.21 cho thay theo thoi gian thily phan ham luong protein
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hoa tan tao thanh trong tat ca cac mau thay phan sun cad map bang hon hop alcalase-
papain déu ting theo thoi gian thiy phan va thay ddi theo sy thay d6i cia pH nhung
muc d6 ting va thay d6i cua cAc mau thity phan ciing khac nhau. Cu thé, sau 2 gio thay
phan, ham luong protein hoa tan cua dich thuy phan sun cad map bang hdn hop enzyme
alcalase-papain ¢ pH 6,0; 6,5; 6,8; 7,0; 7,5 va 8,0 la 4,43 mg/g; 7,33mg/g; 7,42mg/q;
7,65mg/g; 6,28mg/g va 5,15mg/g, cao gap 2,21 lan, 3,66 lan, 3,71 lan, 3,87 lan, 3,14 lan
va 2,58 1an so vé6i ban dau. Sau 10 gid thay phan, ham luong protein hoa tan caa dich
thay phan sun c& map vai nong dé hdn hop enzyme alcalase-papain ¢ pH 6,0; 6,5 6,8;
7,0; 7,5 va 8,0 la 10,18mg/g; 14,46mg/g; 14,56 mg/g; 14,77mg/g; 14,30mg/g va
12,38mg/g, cao gap 5,9 lan, 7,13 lan; 7,21 lan, 7,39 lan; 7,15 lan va 6,19 1an so véi ban
dau. Két qua phan tich ciing cho thay khi thay d6i pH thay phan trong khoang 6,0 + 8,0
thi ham lugng protein hoa tan tao thanh trong dich thay phan ciing thay doi theo su thay
d6i cua pH cua dich thiy phan. Cu thé, khi thuc hién qua trinh thay phan sun ca map
bang hdn hop enzyme alcalase - papain tai pH = 8,0 va pH = 6,0 thi ham luong protein
hoa tan cua dich thuy phén ting theo thoi gian thuy phan nhung mirc do ting thap hon
so vai khi thiy phan dich sun ca map o pH 6,5, pH ty nhién va pH 7. Mt khac, két qua
phan tich con cho thiy ham luong protein hoa tan tao thanh trong dich thay phan sun cé
map ¢ pH = 6,5, pH ty nhién va pH = 7,0 khac nhau khong dang ké va su khac biét
khong c6 y nghia théng ké, c6 nghia 1a ham lugng protein hoa tan tao thanh khi thay
phan sun ca map bang hdn hop enzyme alcalase - papain ¢ pH trong khoang 6,5 dén 7,0
1a twong duong nhau va gia tri pH ty nhién caa hén hop sun c& map la 6,8 nam trong
khoang pH tir 6,5 dén 7,0. Do vay, khi thuc hién qué trinh thuy phan & pH tu nhién s&
dam bao cho san pham dat tiéu chuan thuc pham do khong sir dung cac hoa chat dé diéu
chinh pH - day chinh 12 1a 1gi 16n ddi véi qué trinh san xuat thuc pham.

Tur nhizng phan tich ¢ trén cho thdy pH tw nhién (pH=6,8) nén dwoc lyra chon cho
qué trinh thuy phan sun c& mdp bang hon hop enzyme alcalase - papain.

* \/& ham lwong peptid

Két qua phan tich ¢ hinh 3.22 cho thay theo thoi gian thuy phan ham luong peptid
tao thanh trong tat ca cac mau thuy phan sun ca map bang hdn hop alcalase-papain déu

tang thoi gian thay phan va thay déi theo pH cua qua trinh thay phan nhung mirc do

70



tang khac nhau tly thuoc vao pH thay phan. Cu thé, sau 2 gio thuy phan, ham lugng
peptid cua dich thay phéan sun ca map ¢ pH thay phan 6,0; 6,5; 6,8; 7,0; 7,5 va 8,0 la
0,015146mg/ml, 0,020103mg/ml; 0,020124mg/ml, 0,020139mg/ml, 0,019106mg/ml va
0,01748mg/ml, cao gip twong (ng 2,16 lan; 2,85 lan, 2,87 lan, 2,88 1an, 2,73 1an va 2,49
1an so véi ban dau. Sau 10 gid thuy phan, ham luong peptid caa dich thay phan sun cé&
map ¢ pH thay phan 6,0; 6,5; 6,8; 7,0; 7,5 va 8,0 la 0,019327mg/ml; 0,025156mg/ml;
0,025785mg/ml; 0,025348mg/ml; 0,024218mg/ml va 0,022228mg/ml, cao gip 2,76 lan;
3,59 lan; 3,62 lan, 3,69 lan, 3,46 lan va 3,18 lan so véi ban dau. Két qua phan tich ciing
cho thay khi thay phan sun c& map bang hdn hop enzyme alcalase - papain ¢ pH = 8,0
va pH = 6,0 thi ham lugng peptid thu dugc tang theo thoi gian thuy phan va muc do tang
thap so vai khi thay phan ¢ pH 6,7; pH ty nhién va pH 7,0. Két qua phan tich ciing cho
thay ham luong peptid tao thanh trong dich thay phan khi thay phan sun c& map bang
hdn hop enzyme alcalase - papain & pH 6,5, pH tu nhién va pH 7,0 chénh Iéch khong
nhiéu va sy chénh léch khong c6 ¥ nghia théng ké. Két qua nay cho thay thay phan sun
ca map bang hén hop enzyme alcalase - papain & pH 6,5, pH tu nhién va pH 7,0 thi ham
luong peptid tao thanh theo thoi gian cling trong duwong nhau.

Tur nhitng phan tich & trén cho thdy khi xét theo ham lwong peptid tgo thanh cao
thi stz dung hon hop enzyme alcalase - papain dé thiy phan sun ca mdp ¢ pH tir nhién
(pH=6,8) la phu hop.
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Hinh 3.21. Anh hwéng ciia pH va thoi gian thily phan dén ham lwgng protein hoa tan
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ctia dich thiy phan sun ca map
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* /& ham lwong Naa
Két qua phan tich & hinh 3.23 cho thiy ciing twong tu nhu quy luat tao thanh protein
hoa tan va peptid trong qua trinh thiy phan d6 la theo thoi gian thuy phan ham lugng
Naa tao thanh trong tat ca cac mau thiry phan sun ca map bang hdn hop alcalase-papain

déu tang theo thoi gian thiy phan va mic d6 ting khac nhau tuy thudc vao gia tri pH
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thay phan. Cu thé, sau 2 gio thuy phan, ham luong Naa caa dich thiy phan sun ca map
6 pH thuy phén 6,0; 6,5; 6,8; 7,0; 7,5 va 8,0 la 5,71233mg/g; 7,12804mg/g;
7,17604mg/g; 7,20044mg/g; 7,10862mg/g va 6,32125mg/g cao gap tuong (g 4,64 lan;
5,79 lan; 5,81 lan; 5,85 lan; 5,78 1an va 5,14 1an so véi ban dau. Sau 10 gio thiy phan,
ham luong peptid cua dich thay phén sun ca map ¢ pH thuay phan 6,0; 6,5; 6,8; 7,0; 7,5
va 8,0 1a 8,38470mg/qg; 11,34264mg/g; 11,42153mg/g 11,58621mg/g; 11,16642mg/g va
9,73874mg/g cao gap 6,82 lan; 9,22 lan; 9,31 lan; 9,42 lan; 9,08 lan va 7,92 1an so V&i
ban dau. Két qua phan tich ¢ trén cho thay khi thuy phan sun c& map bang hdn hop
enzyme alcalase - papain ¢ 6,0 va pH 8,0 thi ham lugng Naa tao thanh trong dich thuy
phan tang manh theo thoi gian nhung mirc d6 tang thap hon khi thuy phan sun ca map
& pH 6,5, pH tu nhién va pH 7,0. Mat khac, két qua phan tich ciing cho thdy ham lugng
Naa tao thanh trong dich thay phan manh sun c& map bang hén hop enzyme alcalase -
papain & pH 6,5, pH tu nhién va pH 7,0 khéc biét khong dang ké va su khac biét khong
¢ y nghia thong ké. Két qua nay chiing to thuy phan sun ca map bang hdn hop enzyme
alcalase - papain ¢ pH 6,5, pH tu nhién va pH 7,0 thi ham lugng peptid tao thanh theo
thoi gian tuong duong nhau. Do vay, viéc lua chon pH nam trong khoang pH 6,5, pH tu
nhién va pH 7,0 dé thay phan sun ca map 1a phu hop.

Tur phan tich & trén cho thdy khi xét theo khia canh ham lhrong Naa tgo thanh cao
thi stz dung hon hop enzyme alcalase - papain thiy phan sun ca mdp ¢ pH tu nhién
(pH=6,8) la phu hop.

* V& ham lwgng chondroitin sulfate

Két qua phan tich & hinh 3.24 ciing cho thay theo thoi gian thay phan ham luong
chondroitin sulfate tao thanh trong tat ca cac mau thuy phan sun ca map bang hdn hop
alcalase-papain déu ting theo thoi gian thay phan nhung mic d6 ting khac nhau tuy
thudc vao gia tri pH thay phan. Cu thé, sau 2 gio thuy phan, ham lwong chondroitin
sulfate cua dich thuy phan sun ca map & pH thuy phan 6,0; 6,5; 6,8; 7,0; 7,5 va 8,0 la
8,12116mg/ml; 10,551430mg/ml; 10,981372mg/ml 11,4578mg/ml; 10,23641mg/ml va
9,234mg/ml; cao gip twong wng 20,88 lan; 27,12 lan; 27,87 lan; 29,45 lan; 26,31 lan va
23,74 14an so véi ban dau. Sau 10 gio thity phan, ham luong chondroitin sulfate caa dich
thuy phan sun ca map ¢ pH thuay phéan 6,0; 6,5; 6,8; 7,0; 7,5 va 8,0 la 25,94367mg/ml;
33,06316mg/ml; 33,68641mg/ml 34,6048mg/ml; 31,04492mg/ml va 29,4270mg/ml;
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cao gap 66,69 lan; 84,99 lan; 86,97 lan 88,96 lan, 79,81 lan va 75,65 lan so vai ban dau.
Két qua phan tich ¢ trén ciing cho thay khi thiy phan sun c& map bang hdn hop enzyme
alcalase - papain ¢ 6,0 va pH 8,0 thi ham lugng chondroitin sulfate tao thanh trong dich
thity phan tang manh theo thoi gian nhung mirc do ting thap hon khi thuy phan sun cé
map & pH 6,5, pH tu nhién va pH 7,0. Mt khac, két qua phan tich ciing cho thdy ham
lwong chondroitin sulfate tao thanh trong dich thuy phan manh sun ca map bang hdn
hop enzyme alcalase - papain & pH 6,5, pH ty nhién va pH 7,0 khac biét khong dang ké
va sy khac biét khong ¢ ¥ nghia thong ké. Két qua nay ching té thay phan sun ca map
bang hdn hop enzyme alcalase - papain & pH 6,5, pH tu nhién va pH 7,0 thi ham luong
chondroitin sulfate tao thanh theo thoi gian twrong dwong nhau va cao hon khi thuy phéan
& pH 6,0 hozc pH 8,0. Do vay, viéc lua chon pH niam trong khoang pH 6,5, pH tu nhién
va pH 7,0 dé thay phan sun ca map 1a phu hop.

Tur nhieng phan tich & trén cho thdy khi xét theo ham hrong chondroitin sulfate tzo
thanh cao trong qué trinh thzy phan thi siz dung hén hop enzyme alcalase - papain dé
thuiy phan sun ca& mdp ¢ pH tuw nhién (pH=6,8) sé ¢6 wu diém la ham lwong chondroitin
sulfate tgo thanh cao.

* V& ham lwong Nnws

Két qua qua phan tich ¢ hinh 3.25 cho thdy ham luong Nnws tao thanh trong cac
mau thuy phan sun c& map bang hdn hop enzyme alcalase-papain ¢ pH khac nhau déu
tang theo thoi gian thiy phan nhung mutc d6 ting cham va khac nhau khong dang ké
gitta cac mau thi nghiém. Cu thé, sau 10 gio thary phan sun c& map bang hdn hop enzym
alcalase - papain, cac mau thity phan sir dung enzyme thay phan véi pH: 12 6,0; 6,5; 6,8,
7,0; 7,5 va 8,0 déu c6 ham lugng Nnws tang trong khoang tir 1,25+1,26 lan so véi ban
dau va sy chénh léch vé ham lwong Nnwks gitta cac mau thi nghiém khong ¢ ¥ nghia
théng ké.

Két qua nghién cru cua luan an ciing c6 nhitng nét twong ddng véi mot sé nghién
clru d3 cong bd trude day. Cu thé, nim 2000, Piang Vin Hop cdng bd nghién ctu st
dung enzyme protease tir Aspergillus oryzae A4 trong san Xuat nwdc mam ciing cho rang
qua trinh thay phan c4 com bang enzyme protease tir Aspergillus oryzae A; 6 pH 6,5 1a
thich hop [2]. Nam 2003, Vi Ngoc Boi khi nghién cuu st dung enzyme protease B.

subtilis S5 dé thay phan protein c& méi trong san xuat bot dam thity phan ciing cho thay
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qua trinh thity phan thit cd méi & pH ty nhién ¢6 wu diém 14 khéng phai diéu chinh pH
va ham luong acid amin tao thanh trong qué trinh thiy phan cao hon [30]. Nam 2004,
Vii Ngoc Bai cong bd nghién ctru st dung enzyme protease B. subtilis S5 trong thiy
phan ca com dé san xuat cho rang sir dung enzyme protease B. subtilis S5 thuy phan cé&
com & pH tu nhién s& tan dung dugc protease ¢ sin trong nguyén liéu nén téc do thay
phan nhanh hon khi thuy phan & pH acid hoic pH kiém [31]. Nam 2010, Tran Canh
Pinh tién hanh thuy phan hdn hop sun ca map khd bang enzyme protease ciing cho rang
qua trinh thay phan sun c& map tién hanh & pH 6,5 tét hon cac pH khac [23].

Tur tat ca nhizng phan tich trén cho thdy siz dung hn hop enzyme alcalase - papain
trong thuy phan sun ca mdp o pH tw nhién sé tqo ra dich thiy phdn c6 ham lwong protein
hoa tan, peptid, Naa, chondroitin sulfate cao hon va ham lwong Nnus tao tuwong tu nhu
cac mau thay phan khac. Do vdy, pH tu nhién (6,8) dicoc lwa chon 1am théng sé ¢é dinh
cho qua trinh thiy phan sun ca mdp bang hén hop enzyme protease alcalase - papain.

3.1.7. Xac dinh nhiét dg thich hgp cho qua trinh thiy phan

Tién hanh 7 mau thi nghiém thay phan sun ca map bang hdn hop enzym alcalase -
papain nhu bd tri thi nghiém o trén néng do hdn hop enzyme sir dung 1a 0,3%, ti 1¢
sun/nudc bo sung 1a 50/50, qué trinh thity phan tién hanh pH ty nhién (6,8) nhung nhiét
do thuy phan khac nhau: 35°C, 40°C, 45°C, 50°C, 55°C, 60°C va 65°C. Sau cac khoang
thoi gian: 0 gio, 2 gio, 4 gio, 6 gio, 8 gio va 10 gio, lay mau danh gia ham lugng protein
hoa tan, ham lugng peptid, ham lwong Naa, ham lugng chondroitin sulfate va ham luong
Nnns. Két qua duoc trinh bay ¢ céc hinh 3.26 + 3.30.

Tir két qua duoc trinh bay & céc hinh 3.26 + 3.30 cho thay:

* \/é ham hrong protein hoa tan

Két qua phan tich & hinh 3.26 cho thay theo thai gian thity phan ham luong protein
hoa tan tao thanh trong tat ca cac mau thay phan sun c& map bang hdn hop alcalase-
papain déu ting theo thdi gian thay phan nhung mirc d6 ting khac nhau tuy thudc vao
nhiét d6 thay phan. Cu thé, sau 2 gio thay phan, ham lugng protein hoa tan cua dich
thay phan sun ca map bang hdn hop enzyme alcalase-papain o nhiét do 35°C, 40°C,
45°C, 50°C, 55°C, 60°C va 65°C la 2,18mgl/g; 4,45mg/g: 5,82mglg; 6,94mglg:
6,54mmg/g; 6,26mg/g va 3,91mg/g cao gap 1,09 lan; 2,59 lan; 2,96 lan; 3,47 lan; 3,27

lan; 3,13 lan va 1,45 1an so véi ban dau. Sau 10 gio thiy phan, ham luong protein hoa
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tan cua dich thay phan sun ca map voi nhiét @6 hon hop enzyme alcalase-papain sir dung
35°C, 40°C, 45°C, 50°C, 55°C, 60°C va 65°C la 6,97mg/g; 12,48mg/g, 13,62mg/g;
15,12mg/g; 14,27mg/g; 14,03mmg/g va 9,46g/g, cao gip twong ng so v&i ban dau la
3,49 lan; 6,14 lan; 6,81 lan; 8,56 lan; 7,14 lan; 7,01 lan va 4,78 lan. Két qua phan tich
cling cho thiy khi ting nhiét d6 thay phan trong khoang 35°C + 50°C thi ham lwong
protein hoa tan tao thanh trong dich thiry phan sun c& map bang hdn hop enzyme alcalase
- papain ting manh theo thoi gian thuy phan ciing nhu ting manh theo chiéu tang nhiét
d6 thuy phan va dat mac cao nhat khi nhiét o thay phan 1a 50°C. Tuy viy, khi ting
nhiét do thuy phan > 50°C thi ham lugng protein hoa tan tao thanh trong dich thuy phan
lai c6 xu thé giam va khi ting nhiét d6 thuy phan 1&n 65°C thi ham luong protein hoa
tan tao thanh trong dich thiy phan giam manh. Két qua nay c6 thé duoc ly giai: enzyme
la protein cé hoat tinh sinh hoc nén khdng bén vai nhiét. Do vay, khi enzyme hoat dong
& nhiét do cao trong mot thoi gian dai thi hoat tinh caa enzyme giam va nhiét d6 cang
cao hoat tinh cua enzyme cang giam [2, 10, 13, 18, 19, 28, 30, 31]. Niam 1996, Nguyén
Vin Lé cong bb nghién cau dic tinh vé proteinase tir dau tom ciing cho rang nhiét do
thich hop cua enzyme nay la 50°C nhung hoat tinh ctia enzyme giam sau 30 phut xir ly
& nhiét 6 50°C. Do vay, tac gia da st dung enzyme proteinase tir dau tém trong thuy
phan co thit ca & 45°C [13]. Nam 2001, Vii Ngoc Boi cong bd nghién ciru vé dic tinh
cua proteinase ngoai bao cua Bacillus subtilis cho thiy enzyme nay c6 nhiét do thich
hop 14 55°C nhung enzyme khong bén va hoat tinh giam sau 15 phut thuc hién qué trinh
thuy phan ¢ 55°C. Do vay, tac gia da s dung enzyme proteinase ngoai bao cua Bacillus
subtilis trong thily phan co thit c& mdi trong san xuat bot dam thuy phan ¢ 50°C [28+31].
Hon hop enzyme alcalase - papain gdom 2 enzyme protease. Enzyme alcalase ¢6 nhiét
dd thich hop la 55°C va enzyme papain cé nhiét do thich hgp trong khoang 55°C-+80°C.
Khi tdng nhiét d6 thuy phan Ién 55°C thi hoat tinh c4u alcalase s& giam mic du papain
van hoat dong tét nhung qua trinh thuy phan sun c& map doi hoi phai c6 su phéi hop
hoat dong cua ca 2 enzyme nay. Papain thi phan ciat md lién két con alcalase thi thay
phan protein wa nuéc ¢ phia trong dé tao ra protein hoa tan. Khi hoat tinh cua alcalase
bi anh hudéng cua nhiét do >50°C s& dan toi ham luong protein hoa tan cua dich thuy
phan s€ bi anh huong.

Tur nhizng phan tich & trén cho thdy khodng nhiét dé thich hop cho hoat dgng thiiy
phan sun ca mdp bang hén hep enzyme alcalase - papain 1a 40°C + 60°C nhung khi xét
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theo ham lwong protein hoa tan tgo thanh cao thi nhiér @6 thiy phan thich hop nhdr dé
hdn hop enzyme alcalase - papain thiy phan sun ca mdp la 50°C.
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* \/é ham hrong peptid

Két qua phan tich o hinh 3.27 cho thiy ciing giéng nhu ham luong protein, ham
lwgng peptid tao thanh trong tat ca cac mau thay phan thay phan sun ca map bang hdn
hop enzyme alcalase-papain déu tang theo thoi gian thuy phan va nhiét d6 nhung mirc
d6 tang khac nhau tly thudc vao nhiét o thary phan. Cu thé, & thoi diém sau 2 gio thay
phan, ham lugng peptid tao thanh trong dich thity phan sun ca map bang hon hop enzyme
alcalase-papain twong rng véi nhiét do 35°C, 40°C, 45°C, 50°C, 55°C 60°C va 65°C la
0,014182mg/ml; 0,015088mg/ml; 0,01742mg/ml; 0,018254mg/ml; 0,01682mg/ml;
0,01631mg/ml va 0,014121mg/ml, cao gap twong tng 2,03 lan; 2,16 lan; 2,49 lan; 2,61
lan; 2,40 lan; 2,33 lan va 2,11 lan so véi ban dau. O thoi diém sau 10 gio thiy phan,
ham lugng peptid tao thanh trong dich thity phan sun c& map bang hdn hop enzyme
alcalase-papain twong ng véi nhiét do 35°C, 40°C, 45°C, 50°C, 55°C, 60°C va 65°C la
0,0183621mg/ml; 0,019622mg/ml; 0,02599mg/ml; 0,027897mg/ml; 0,02378mg/ml;
0,02278mg/ml va 0,01964mg/ml, cao gap 2,65 lan; 2,75 lan; 3,71 1an; 3,99 lan; 3,40 lan;
3,25 lan va 3,01 1an so voi ban dau. Két qua nay ciing cho thiy khi ting nhiét do thay
phan trong khoang 35°C-+50°C thi ham lugng peptid tao thanh trong dich thily phén ciing
ting manh theo thoi gian ciing nhu ting manh theo chiéu ting nhiét 6 thuy phan va dat
muc cao nhat khi nhiét do thuy phan 1a 50°C. Tuy vay, khi ting nhiét ¢ thuy phan >
50°C thi ham lwong peptid tao thanh trong dich thay phan c6 xu thé ting cham lai va khi
nhiét 6 thuy phan > 60°C thi ham luong peptid caa dich thay phan c6 xu thé giam. Mat

80



khac, két qua phan tich thong ké ciing cho thay su khac biét vé ham luong peptid tao
thanh trong dich thay phan sun c& map & nhiét d6 khac nhau cé ¥ nghia thong ké. Két
qua niy c6 nghia la nhigt do I yéu té anh huong manh dén ham lugng peptid tao thanh
trong dich thay phan.

Tur c&c phan tich vé ham lirong peptid ¢ trén cho thdy nhiét dg thich hop cho qua
trinh thizy phan sun ca mdp bang hon hop enzyme alcalase - papain 1 50°C.

* \/¢ ham lwrgng Naa

Két qua phan tich trinh bay & hinh 3.28 cho thay quy lu4t tao thanh Naa trong cac
cac mau thay phan sun ca map bang hén hop alcalase-papain ciing gidng nhu quy luat
tao thanh protein hoa tan va peptid d6 1a ham lugng Naa tao thanh trong dich thay phan
tang theo thoi gian va nhiét do thity phan, nhung mirc do ting cua cac mau thi nghiém
khac nhau tdy thudc vao nhiét do thay phan. Cu thé, sau 2 gio thuy phan, ham luwong
Naa cua dich thuy phan twong tng véi nhiét @6 35°C, 40°C, 45°C, 50°C, 55°C, 60°C va
65°C la 5,41243mg/g; 5,61244mglg; 7,12544mglg; 7,31232mg/g; 6,71642mg/g;
6,05429mg/g va 6,01427mg/g, cao gap twong ung so V4i ban dau 1a 4,21 lan; 4,56 lan;
5,79 1an; 5,94 1an; 5,46 lan; 4,92 1an va 4,31 lan. O thoi diém sau 10 gio thay phan, ham
lugng Naa cua dich thity phan sun ca map bang hdn hop enzyme alcalase-papain & nhiét
do 35°C, 40°C, 45°C, 50°C, 55°C, 60°C va 65°C la 8,97489mg/g, 9,97432mg/g;
11,25067mg/g; 11,46529mg/g; 11,07763mg/g; 10,71623mg/g va 9,71624mg/g, cao gap
7,15 lan; 8,11 lan; 9,15 lan; 9,32 lan; 9,01 lan; 8,71 lan va 8,34 lan so vé&i ban dau. Két
qua nay ciing cho thay khi ting nhiét 6 thuy phan trong khoang tir 35°C + 50°C thi ham
lugng Naa tao thanh trong dich thity phan sun ca map tang manh theo chiéu tang nhiét
d6 va dat gia tri cao nhat khi nhiét do thay phan la 50°C. Trai lai, khi ting nhiét d6 >
50°C thi ham luwong Naa tao thanh trong dich thay phan c6 xu thé ting cham lai va ting
khong dang ké so véi khi thiy phan ¢ nhiét d6 50°C. Khi tiép tuc ting nhiét do thay
phan > 60°C ham lugng Naa tao thanh trong dich thay phan cé xu thé giam thip hon
ham luong Naa tao thanh trong dich thiy phan ¢ nhiét do 50°C. Két qua co thé ly giai
la & nhiét ¢ cao hoat tinh caa hdn hop enzyme bi giam nén qua trinh thay phan bi anh
hudng theo.

Tur nhitng phan tich ¢ trén cho thdy siz dung hdn hop enzyme alcalase - papain dé
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thuzy phan sun ca mdp ¢ nhiét @6 50°C la phu hep.

* \/é ham lrong chondroitin sulfate

Két qua phan tich trinh bay ¢ hinh 3.29 ciing cho thay theo thoi gian thay phan
ham luong chondroitin sulfate tao thanh trong tit ca cac mau thuy phan sun ca map bang
hon hop alcalase-papain déu ting theo thoi gian thity phan va thay d6i theo nhiét do thay
phan. Cu thé, sau 2 gio thity phan, ham lwong chondroitin sulfate cua dich thuy phan
sun c& map & nhiét do thuy phan 35°C, 40°C, 45°C, 50°C, 55°C, 60°C, va 65°C la
6,3016mg/ml; 6,83078mg/ml; 10,23267mg/ml; 10,44381mg/ml; 9,97267mg/ml;
8,1070mg/ml va 7,1078mg/ml; cao gap twong @ng 15,59 lan; 17,56 lan; 26,31 lan; 26,85
lan; 25,64 lan; 20,84 lan va 19,42 1an so véi ban dau. Sau 10 gio thity phan, ham luong
chondroitin sulfate cua dich thay phan sun ca map & nhiét do thuy phan 35°C, 40°C,
45°C, 50°C, 55°C, 60°C va 65°C la 20,135561mg/ml; 22,365832mg/mi;
31,068940mg/ml;  33,089130mg/ml;  30,068940mg/ml;  27,310000mg/ml  va
25,031000mg/ml; cao gap52,48 lan; 57,49 lan; 79,87 lan; 85,06 lan; 77,29 lan; 70,20
lan va 65,22 1an so v&i ban dau. Két qua nay ciing cho thay khi ting nhiét do thay phan
trong khoang 35°C + 50°C thi ham lugng chondroitin sulfate tao thanh trong dich thuy
phan sun ca map ting manh theo chiéu tang nhiét d6 va dat gia tri cao nhat khi nhiét do
thuy phan la 50°C. Trai lai, khi ting nhiét do > 50°C thi ham lugng chondroitin sulfate
tao thanh trong dich thay phan c6 xu thé tang cham lai va ting khong dang ké so véi khi
thay phan & nhiét do 50°C. Khi tiép tuc ting nhiét do thuy phan > 60°C ham luong
chondroitin sulfate tao thanh trong dich thity phan c6 xu thé giam thap hon ham lugng
chondroitin sulfate tao thanh trong dich thiy phan & nhiét d6 50°C. Két qua c6 thé ly
giai 12 & nhiét d6 cao > 50°C enzyme khdng bén nén hoat tinh ciia hdn hop enzyme bi
giam vi thé qué trinh thuy phan bi anh huang theo.

Ter nhaeng phan tich ¢ trén khi xét theo ham lwong chondroitin sulfate tzo thanh
cao thi siz dung hon hop enzyme alcalase - papain dé thiy phan sun ca mdp ¢ nhiér dé
50°C la phu hop.

* \/&é ham hrong Nnus

Két qua phan tich & hinh 3.30 cho thiy ham lwgng Nnws tao thanh trong cac mau

thuy phan sun ca map bang hdn hop enzyme alcalase-papain & nhiét do thay phan khac
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nhau déu ting theo thdi gian thay phan nhung muc d6 ting cham va khac nhau khdng
dang ké gitra cac mau thi nghiém. Cu thé, sau 10 gid thuy phan sun ca map bang han
hop enzyme alcalase - papain & nhiét do 35°C, 40°C, 45°C, 50°C, 55°C, 60°C va 65°C,
ham luong Nnws cua dich thity phan tiang trong khoang tir 1,00 + 1,29 1an so véi ban dau
va sy chénh léch vé ham luong Nnws giita cac mau thi nghiém & ciing mot thoi khong
nhiéu va khong c6 ¥ nghia thong ké.

Tur tdt ca cac phan tich & trén cho thdy qua trinh thiy phan sun c& mdp bang han
hop enzyme alcalase - papain ¢ nhiér d@é 50°C sé tqo ra dich thuy phdn cé ham leong
protein hoa tan, peptid, Naa va chondroitin sulfate cao nhung ham lwong Nnns tao thanh
lai tirong dwong cdc mau thiry phan khac. Do vdy, nhiét dé 50°C duwoc lwa chon lam
théng so cé dinh cho cac lan nghién cizu sau nay.

3.1.8. Xac dinh thoi gian thich hgp cho qua trinh thuy phan

Tién hanh thi nghiém thay phan sun ca map bang hdn hop enzyme alcalase-papain
Véi ty 1¢ alcalase/papain trong hdn hop 60/40, ndng d6 hdn hop enzyme sir dung 1a 0,3%,
ti 1é nude bo sung la 50/50, qua trinh thay phan tién hanh & pH ty nhién (6,8) va nhiét
d6 50°C. Sau mdi khoang thoi gian 2 gio thiy phan, tién hanh 1ay mau dich thiy phan
dé danh gia ham lugng protein hoa tan, ham luong peptid, ham luong Naa, Nnns va ham

lwong chondroitin sulfate tao thanh. Két qua phan tich trinh bay & cac hinh 3.31 + 3.35.
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Hinh 3.31. Anh huwdng cia thoi gian thiy phan dén ham lwgng protein hoa tan trong
dich thiy phan sun ca map
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Tur két qua phan tich trinh bay & céc hinh 3.31 + 3.35 cho thay:

* \/& ham lwong protein hoa tan

Két qua phan tich trinh bay ¢ hinh 3.31 cho thay theo thoi gian thiy phan sun céa
map bang hdn hop enzyme alcalase-papain, ham lugng protein hoa tan tao thanh cé sy
thay doi tly thuoc vao thoi gian thay phan. Cu thé, trong thoi gian thity phan tir 2 + 12
gio thi ham lugng protein hoa tan tao thanh déu ting lién tyc theo thoi gian thuy phan
va cao gap tuong (g 3,28 1an < 4,09 lan so vai ban dau. Trong giai doan tir 14 + 18 gio
thuy phan, ham luong protein hoa tan caa dich thily phan sun ca map van ting theo thoi
gian thity phan nhung muc d6 ting cham dan va cao gap twong Gng so V6i ban dau la
7,84 lan + 8,02 lan. Khi kéo dai thoi gian thuy phan 1én tir 18 + 20 gio thi ham lugng
protein hoa tan cua dich thity phan ¢6 xu thé 6n dinh & mtc cao nhat va cao gap tuong
g o Véi ban dau 1a 8,02 1an ban dau. Néu ting thoi gian thiy phan > 20 gio thi ham
lugng protein hoa tan cua dich thay phan giam nhanh. Két qua nay ching to sau 20 gid
thay phan, protein hoa tan tiép tuc bi thiry phan thanh peptid va acid amin nén ham luong
protein hoa tan giam nhanh. Nhuw vdy ¢ giai doan cudi cia qué trinh thiy phan sun ca
Mdp, ham leong protein hoa tan cua dich thiy phan gigm manh vi thé khdng nén lya
chon ham lwong protein hoa tan lam ham muc tiéu cua qué trinh thuy phan.

* \/& ham lwong peptid

Két qua phan tich ¢ hinh 3.32 ciing cho thay theo thoi gian thay phan ham luong
peptid tao thanh déu ting theo thoi gian thity phan nhung muc do ting khac nhau tuy
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thudc vao khoang thoi gian thay phan. Cu thé, trong khoang thoi giam thuy phan tir
khoang 2 + 12 gid, ham luong peptid thu dugc ting lién tuc trong sudt qué trinh thay
phan va nam trong khoang 198,03mg/ml + 442,81mg/ml, cao gap 1,00 lan + 4,02 lan so
Vv6i ban dau. Sau 14 + 20 gio thuy phan, ham lwong peptid cua dich thuy phan sun ca
map nam trong khoang 458,07mg/ml + 493,62mg/ml, cao gap twong ng so véi ban dau
1a 4,42 1an + 4,86 lan. Nhung khi kéo dai thoi gian thay phan trén 20 gio thi ham luong
peptid caa dich thuy phan c6 xu huéng khong ting thém. Két qua nay cé thé Iy giai:
trong giai doan tir 2 + 20 gio thuy phan, dudi tac dong ciia hdn hop enzyme alcalase va
papain, protein nam trong c4u tric cua sun c& map bi phan cit thanh protein hoa tan va
peptid, sau d6 cac protein hoa tan tiép tuc bi thiy phan thanh peptid va peptid lai tiép
tuc bi thuy phan thanh acid amin nén ham lugng peptid ¢ giai doan sau cua qua trinh
thay phan c6 xu thé ting cham, tham chi giam. Nhuw vy, ¢ giai doan cuéi cua qua trinh
thuiy phan, ham leong peptid cua dich thiy phan c6 xu thé giam vi thé khong nén lya
chon ham lwong peptid lam ham muc tiéu cua qud trinh thuy phan.

* \/& ham lwong Naa

Két qua phan tich & hinh 3.33 ciing cho thay theo thoi gian thay phan ham luong
Naa tao thanh déu ting theo thoi gian thity phan nhung mirc d6 ting khac nhau tiry thudc
vao thoi gian thiy phan. Cu thé, trong giai doan tir khoang 2 + 22 gio thiy phan, ham
lugng Naa tang lién tuc theo thoi gian thuy phan va cao gap 3,52 lan + 10,75 1an so véi
ban dau. Khi ting thoi gian > 22 gio, ham luong Naa thu dugc c6 xu thé 6n dinh va
khong tang. Két qua nay c6 thé giai thich: theo thoi gian thiy phan sun ca map dudi tac
dong cua hon hop enzyme alcalase va papain, protein hoa tan va peptid trong dich thuy
phan bi phan giai thanh acid amin nén ham luong Naa cua dich thuy phan ting cao. Tuy
vay, theo nhiéu nghién ctiru vé& qua trinh thuy phan protein c& bang enzyme protease cua
cac tac gia nhu Pang Vian Hop, Nguyén Lan Diing, Nguyén Thi Du, Nguyén Vin L¢,
Vii Ngoc Boi, ... [2, 11+13, 29+32] déu cho thiy giai doan phan cat peptid thanh acid
amin dién ra rat cham va kéo dai trong nhiéu gio. Chinh vi thé san xuat nugc mam truyén
théng hoic nuéc cham can cé qué trinh thay phan tao thanh acid amin nén thoi gian
thay phan rat dai. Trong khi d6 myc tiéu cua luan &n 12 tao thanh dich thuy phan c6 chira
cac chat ty nhién & sun cé& va quan trong Ia dich thay phan c6 ham lwong chondroitin

sulfate cao nén dich thay phan c6 chua acid amin hozc peptid déu c6 thé dung 1am thuc
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pham. Chinh vi thé khéng nén thiry phan trong thoi gian qua dai.

* V& ham lwong chondroitin sulfate

Két qua phan tich ¢ hinh 3.34 cho thay theo thoi gian thuy phan ham lugng
chondroitin sulfate tao thanh trong dich thay phén sun cd map tang theo thoi gian thay
phan. Cu thé, sau tir 2 + 20 gio thiy phan, ham lugng chondroitin sulfate thu dugc ting
nhanh va dat trong khoang 3020,1mg/ml + 9647,3mg/ml, cao gap tir 3,00 lan + 95,88
lan so voi ban dau. Nhung khi kéo dai thoi gian thuy phan > 20 gio thi ham lwong
chondroitin sulfate tao thanh trong dich thuy phan ting cham lai va c6 xu thé dat muc
cao 6n dinh. Két qua nay c6 thé giai thich: dén giai doan 20 gio thity phan thi chondroitin
sulfate nam trong cau trdc caa mé sun ca map di bi phan cat gan hét thanh dang ty do
nén ham luwong chondroitin sulfate tao thanh trong dich thity phan thu dugc & c6 xu thé
khong tang.

Tur nhizng phan tich & trén cho thdy khi xét theo viéc tao ra dich thuiy phan sun ca
mdp cO ham luong chondroitin sulfate cao thi chi nén kéo dai thoi gian thuy phéan toi
gian dogn trong khoang 20 +22 gio.

* V& ham lwong Nyws

Tur két qua phan tich ¢ hinh 3.35 cho thiy theo thoi gian thity phan tir 2 + 22 gio
ham Iuwong Nnws tao thanh déu ting theo thoi gian thity phan nhung mire d6 ting cham va
nam trong khoang cao gap twong ung tir 1,19 lan cho dén 1,23 I1an so vai ban dau.

Tur tat ca nhing phan tich & trén cho thdy dé thu dwoc dich thiy phan c6 ham
lirong chondroitin sulfate cao thi qua trinh thuy phan sun cad mdp bang hén hop enzyme
alcalase - papain chi nén kéo dai thoi gian thuiy phan trong khodng 20 +22gio.

3.1.9. T6i wu héa qua trinh thity phan sun c4 mip bing hon hop enzyme alcalase -
papain

Muc tiéu cua luan an la thay phan sun ca map tao thanh dich thuy phéan cé chua
chra chondroitin sulfate véi ham lwong cao. Do vay, dé bai toan tbi wu hoa dé thyuc hién
va phu hgp véi muc tiéu dat ra, luan &n chon ham muc tiéu dac trung cho qua trinh thuy
phan sun c& map bang hdn hop enzyme alcalase - papain 12 hiéu suét thary phan tao thanh
chondroitin sulfate (Y) v&i ham luong cao. Két qua nghién ctiru cho thay cé nhiéu yéu
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t56 anh huong toi quéa trinh thay phan sun c& map tao thanh dich thay phan chia

chondroitin sulfate v&i ham lwong cao nhu: loai enzyme, ti 16 enzyme, ti 18 sun/nudc bd

sung, ndng do enzyme, nhiét d6 thuy phan, pH thay phan va thoi gian thay phan. Két

qua phan tich ciing cho thay c6 3 yéu té tac d6ng manh nhat toi hiéu suat thay phan sun

c& map tao thanh dich thay phan chaa chondroitin sulfate d6 13: ndng d6 enzyme, nhiét

d6 thay phan, thoi gian thay phan. Do vay, luan &n chon 3 yéu té nay lam bién doc lap

quy hoach thuc nghiém dé t6i wu héa qua trinh thuy phan. Tién hanh quy hoach thuc

nghiém 3 bién gom 15 thi nghiém. Két qua thuc nghiém duoc trinh bay ¢ bang 3.2.

Bang 3.2. Bang ma tran thwc nghiém anh hwéng ciia bién ma hoa t6i hidu suat thiy

phin tao chondroitin sulfate

Bién ma hoa ]
Ma tran - Hiéu suat:
st Nong dé: Nhiét do: Thoi gian:
thi nghiém Y (%)
X1 (%) X2 (°C) X3 (gio)

1 0— 0,3 45 18 28,90
2 —+0 0,2 55 20 34,32
3 000 0,3 50 20 96,64
4 0++ 0,3 55 22 80,85
5 0+ 0,3 55 18 44771
6 +—0 0,4 45 20 40,24
7 +0+ 0,4 50 22 96,66
8 —0— 0,2 50 18 42,11
9 000 0,3 50 20 96,64
10 -0+ 0,2 50 22 84,79
11 000 0,4 55 20 92,13
12 000 0,3 50 20 97,64
13 +0— 0,4 50 18 95,62
14 —0 0,2 45 20 32,03
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15 0— 0,3 45 22 35,34

Bang 3.3. Két qua phén tich phwong sai (ANOVA) va hé s tuyén tinh, twong tic va
binh phwong ciia cac phwong trinh héi quy dé du doan mirc dd anh hwéng cia cac
nhén t6 thity phan dén ham muc tiéu

Tfing Trung binh | Giatri mo Sw thiéu phu
\ Bac tw . . R
Nguon } binh binh hinh thuc hop
0
phwong phwong F-Value P-Value
Intercept 96,97 0,55 176,99 <0,001*
X1 1,00 17,18 0,33 51,19 <0,001*
X2 1,00 15,06 0,33 44,89 <0,001*
X3 1,00 10,91 0,33 32,52 <0,001*
X1*X> 1,01 13,65 0,47 27,77 <0,001*
X1*X3 1,01 -10,16 0,47 -21,41 <0,001*
Xo*X3 1,01 7,43 0,47 15,65 <0,001*
X1*X1 1,00 -6,72 0,49 -13,62 <0,001*
Xo*X> 1,00 -39,32 0,49 -79,62 <0,001*
X3*X3 1,00 -10,20 0,49 -20,66 <0,001*
100 —
= S0 '
2= 80
& 70
TL o |
W C 504
@S 407
TE 309 .2
20+ T T T T T T T
20 30 40 50 60 70 80 90 100
Hiéu suét du doan (%)
y=02044x + 0,001 R5g=1,00

Hinh 3.36. Méi twong quan giira md hinh dw doan va thuc nghiém ciia cac bién doc lap
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t6i hiéu suét thily phan tao chondroitin sulfate cao

Lack Of Fit
Sum of

Source DF Squares Mean Square F Ratio

Lack of fit 3 6,5861000 2,19537 6,5861
Pure 2 0,6666667 0,33333 Prob >F

Total Error 5 7,2527667 0,1347
Max RSq

0,9999

Hinh 3.37. Su thiéu phii hop ciia md hinh thong qua chi sé (lack of fit >0,05)
* Phan tich cac két qua thu dwoc:

Két qua toi wu hoa cho thay hé sé twong quan R (coefficient of correlation) gitra
két qua thuc nghiém va két qua mé hinh du doan vé nong do enzyme, nhiét d6 va thoi
gian thuy phan 1a gia tri cua R (hinh 3.36). Gia tri hé s6 twong quan R cao cho thay c6
su twong dong giira két qua du doan va két qua thyc nghiém. Cu thé, véi R =1,0 (cao
nhét hay toi da) c6 nghia 1a 100% la do anh hudng cua cac bién doc lap nhu nong do
enzyme (X1), nhiét do (X2) va thoi gian thuy phan (X3); va khdng c6 hay cé 0% su thay
d6i 1a do cac yéu té khong xac dinh duoc nguyén nhan gay ra (sai so6 ngau nhién). Hon
nita két qua danh gia o hinh 3.36 cho thay hiéu suat thuc nghiém nam gan nhu tring
hoan toan trén duong mé hinh dyu doan, hiéu suat cao nhat dat gan téi dinh 96+99%.
Diéu nay chiing té phuong trinh hdi quy da mé ta chinh xac céc s6 liéu thuc nghiém.

Kiém dinh tinh twong thich téng quat cia mé hinh véi thuc nghiém (F—test hay
kiém dinh Fisher) thé hién trong bang 3.3. Kiém dinh gi4 tri F cho su thiéu phu hop cua
mo hinh (lack of fit) 12 kiém dinh sy thiéu phi hop caa mé hinh bang céach so sanh sy
mat mét cua cac gié tri quan sét (tong phuong sai cta gia tri thuc nghiém so véi gia tri
du doan) voi phuong sai ciia cac lan chay diém lap tam, két qua thu duge P < 0,001*<a
=0,05 va gi4 tri Leck of fit = 0,1347 > o =0,05 (hinh 3.37) cho thiy sy ton tai cua gia
thiét dao 1a “khong co sy thiéu phi hop” hay su sai khac giira hai phuong sai nay 1a
khong dang ké, tir d6 két luan mé hinh phi hop. Bén canh d6 hé s6 bién thién theo do
léch chuan thap (trung binh binh phuong X1 = 0,33; X2 = 0,33 va X3 = 0,33) chiing to

rang cac thi nghiém duoc thuc hién chinh xac va do 13p lai cao.
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Tat ca gi4 tri Pvae Ciia nong do enzyme, nhiét do va thoi gian thuy phan lan luot
1a Pvaiwe(X1) < 0,001*; Pyae(X2) < 0,001* va Pyaie(X3) < 0,001* nghia 1a chi ¢ nho hon
0,001% su thay d6i cua gia tri F 1a phan nhiu ma md hinh khong tinh toan dugc. Két
qua nay cho thiy do trong thich tot cua phuong trinh hdi quy so véi s liéu thuc nghiém,
diéu nay cho thay do tin cay théng ké cao.

Cac két qua kiém dinh cho thiy su ding din caa cac mé hinh xay dung duoc. Tur
do, biéu thic toan hoc mé ta mdi quan hé giira nong do enzyme, nhiét do va thoi gian
thuy phan véi cac bién ma héa (diéu kién khao sat) nhu sau:

Y = 96,97 +16,43 X1 +14,44 X, + 10,79 X3 +12,40 X1*X2 —10,41X1*X3 +
7,43X0* X3 -7,47 X1*X1 — 39,82 Xo* X2 — 9,70 X3*X3 (1)

Trong ving khao sat, phuwong trinh hoi quy cho thdy Hiéu suat tao chondroitin
sulfate cao (Y) chiu anh huéng bac mot cua yéu té nghién ciru X1, X2, Xs; bac hai cua
ca 3 yéu t6 nghién ciu X1, X2 va Xs; va chiu anh huong dong thoi cua cac cap yéu to
(X1*X2), (X1*X3), (X2*X3). Trong d6 anh huéng manh nhat téi hiéu suat tao chondroitin
sulfate 1a cap yéu td (X2*X2) va it anh huong nhat la cap yéu to (Xi*Xa).

Xu huéng anh hudng cua cac yéu td anh huong duoc giai thich nhu sau: Yéu td
nong d6 enzyme anh hudéng tich cuc téi hiéu suat thuy phan, khi ndng do enzyme thap
(<0.2%) thi hiéu suat thity phan chwa cao do thiéu enzyme, con khi ndng do enzyme cao
(>0.4%) thi phan g thily phan xay ra hoan toan véi sy du thira enzyme, diéu nay gay
ling phi enzyme. Tuong ty yéu t6 nhiét do ciing anh huong tich cuc t6i higu suat thuy
phan, cu thé khi nhiét d6 thap (<45°C) thi hiéu suat thu chondroitin sulfate thap do
khoang nhiét do (<45°C) chua phai la nhiét do thich hop cho hoat dong enzyme nén qua
trinh thay phan chua duoc thuc hién hoan toan, con khi nhiét d6 cao (>55°C) day la
nhiét d6 cao c6 thé 1am giam hoat tinh enzyme nén van tc caa phan @ng enzyme giam.
Cubi cling yéu to thoi gian ciing anh huong tich cuc dén hiéu suat. Néu thoi gian ngan
(<18 gid) phan tng enzyme chua hoan toan nén hiéu suat thiy phan tao chondroitin
sulfate chua dat muc tdi da. Nguoc lai, khi thoi gian dai (>22 gio) thi phan @ng enzyme
da xay ra hoan toan, hiéu suat thuy phan khong tang thém.

Lan luot xét anh huong cua tirng yéu t6 (khi cac yéu t khac giit & muc trung binh)

dén hiéu suat thu hdi (Hinh 3.38+3.40) la nong d6 enzyme, nhiét 6 va thoi gian c6 anh
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huong rd rét dén hiéu suét thuy phan.
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Hinh 3.38. Bé mit dap wng thé hién méi twong quan giira ndng do enzyme (Xi) va nhiét
dd (X2) dén hiéu suét thity phan thu chondroitin sulfate
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Hinh 3.39. Bé mit dap tng thé hién mdi twong quan giira nong do enzyme (Xi) va thoi
gian (X3) dén hiéu suét thity phin tao chondroitin sulfate cao
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Hinh 3.40. Bé mit dap wng thé hién méi twong quan giira nhiét d6 (X2) va thoi gian
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(X3) dén hiéu suit thily phan tao chondroitin sulfate cao
Két qua phan tich hinh 3.38+3.40 cho thay ca 3 nhan t§ X1, Xz va X3 déu co tuong

tac véi nhau va anh hudng dén ham muc tiéu hiéu suat thay phan tao chondroitin sulfate
(Y) cao. Cu thé, két qua phan tich ¢ hinh 3.38 cho thay nong do enzyme (X1) va nhiét
d6 (X2) c6 anh huong rd rét dén hiéu suat thiry phan. Pinh thé hién hiéu suét tao
chondroitin sulfate cao nhét trong khoang 96 + 98% khi bién X1=0,3(%) va X,=50°C.
Tuong tu tai hinh s6 3.39: ndng do enzyme (X1) va thoi gian (X3) ciing anh hudng 16n
dén hiéu suat thay phan (Y). Cu thé, hiéu suat thuy phan dat cao nhat 12 Y=96,97% khi
X1=0,3% va X3= 20 gio. Két qua nay ciing dung voi hinh s6 3.40: X2=50°C va X3=20
gio thi hiéu suat thay phan sé& dat cuc dai ciing 1a Y=96,97%.

Giai bai toan quan hé tuyén tinh trong mat phang: trong sé cac duong dong muc
cit vector phap tuyén, tim duong ddong mirc c6 gia tri mic nho nhat. Ta nhan thiy, néu
dich chuyén song song cac dudng dong muc theo hudng vector phéap tuyén thi gia tri
muc sé& ting, néu dich chuyén theo huéng nguoc lai thi gia tri mac s& giam. Do do, bai
toan dit ra co thé tién hanh nhu sau: Bat dau tr mot dudng ddng muc cat vector phap
tuyén, ta dich chuyén song song cac dudng déng mirc theo hudng ngugce hudng véi
vector goc cho dén khi nao viéc dich chuyén tiép theo lam cho duong ddng mirc khong
con cat vector phap tuyén nita thi dimg. Céac diém caa vector phap tuyén nam trén duong
muc cudi cling nay s& la gia tri can tim, gia tri nay chinh 1a gia tri ti wu tim duoc. Cu
thé: trong ca 3 hinh 3.38, 3.39 va 3.40 cho thay bé mat twong tac gitta cac dudng dong
muc mot 1an nira khang dinh: ca 3 bién nong o enzyme (X1), nhiét do (X2) va thoi gian
(X3) déu c6 lién quan va anh huang truc tiép 1an nhau. Ham muc tiéu, tic hiéu suat thay
phan thu chondroitin sulfate cao nhat 12 Y=96,97% khi cac bién X1 = 0,3%; X»=50°C va
Xs= 20 gio.

* THi wu hoa

Két qua phan tich phuong sai (ANOVA) anh hudng cia cac nhan tb say dén ham
muc tiéu cho thay tat ca cac bién bac mot, bac 2 va twong tac gitta cac bién déu cé anh
huong dén ham muc tiéu (p <0,0001*< o =0,05). Cac bién X1, Xz, X3, X12 Xo? va X3

c6 anh huong déng ké dén ham muc tiéu (p < 0,05).
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Két qua phan tich phuong sai trong bang 3.3 va phuong trinh hdi quy cho thay
hé s6 cua cac bién bac hai va tuong tac gitra cac bién c6 gia tri &m con céc bién bac nhat
c6 hé s6 duong. Biéu nay cho thay ham muc tiéu dong bién véi X1, Xz, Xa, X1*Xz, X2*X3
va nghich bién véi Xi12 X22, Xa? va X1*X3 Nhung d6 16n cua hé sb cac bién bac hai 16n
(cao nhat 12 39,82 cua X2?) nén anh huong nhiéu nhat ¢én ham muc tiéu. Con hé sé cua
cac twong tac X1*Xz, X2*X3va X1*X3 nho (cao nhat chi 1a 12,40 X1*X2) nén anh huong
la khéng 16n dén ham muc tiéu.

Két qua & hinh 3.41 cho thy khi néng do enzyme ting thi hiéu suat thay phan
cling ting theo va ting cao nhat khi ndng d6 enzyme 1a 0,3%. Néu tiép tuc ting nong do
enzyme >0,3% thi hiéu suat di theo dudng nam ngang, c6 nghia 13 hiéu suat khong ting
thém khi ting ndng do enzyme, do enzyme di bio hoa so v6i co chat, nén higu suat phan
ing enzyme khong ting thém. Tiép theo, véi nhiét d thuy phan: khi ting nhiét do thuy
phan thi hiéu suat thiy phan ciing tang theo va hiéu suat dat cao nhat tai 50°C. Tuy nhién
khi tang nhiét d6 > 50°C thi hiéu suat khong ting ma nguoc lai con giam xudng. Két
qua nay c6 thé giai thich: enzyme 1a mot protein nén dé bj bién d6i véi nhiét [10, 18].
Nhiéu nghién cttu vé enzyme cho thay & nhiét do cao enzyme thuong khong bén voi
nhiét nén khi phan tng enzyme dién ra trong thoi gian dai o nhiét d6 cao s& lam enzyme
giam hoat tinh dan t&i hiéu suat caa phan tng enzyme giam [10, 11, 18, 28 + 32, 62,
68]. Két qua nghién ctru cta luan an cling phu hop vai nghién ciu cua Vii Ngoc Boi
nam 2001 cho thay proteinase ngoai bao cua Bacillus subtilis ¢6 nhiét do thich hop la
55°C nhung & 55°C enzyme khong bén, sau 30 phdt thyc hién qua trinh thay phan, hoat
tinh ctia enzyme nay giam. Vi thé, khi sir dung proteinase ngoai bao cuaa B. subtilis trong
thily phan co thit cd méi, mac du nhiét do thich hop ciia enzyme proteinase ngoai bao
cua B. subtilis 1a 55°C van phai thuc hién qua trinh thuy phan ¢ 50°C vi qua trinh thay
phan kéo dai téi 16 gio [28, 30]. Tuong tu Véi bién thoi gian: khi kéo dai thoi gian thay
phan thi hiéu suat thuy phan thu chondroitin sulfate ciing ting va dat cao nht tai thoi
gian 20 gio. Néu thoi gian thay phan >20 gio thi duong hiéu suat khong ting va di theo
chiéu nam ngang. Két qua nay c6 nghia 1 co chat cua qua trinh thaty phan 13 sun ¢4 map
trong d6 chondroitin sulfate lién két voi protein da bi thay phan hét, nén phan tng
enzyme khdng con xay ra nira nén hiéu suat khong ting.
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Hinh 3.41. Mdi twong quan giira md hinh Iy thuyét va thwe nghiém ciia cac nhan t6
thiy phan dén qua trinh thiy phan tao chondroitin sulfate

Tir md hinh rat ra dugc diéu kién téi wu cho qua trinh thuy phan dugc tién hanh
sao cho hiéu suat tao chondroitin sulfate cao nhat. Tién hanh giai bai toan téi wu bang
cach chap muc tiéu theo thuat toan “ham mong doi”. Két qua tdi uu hoa thu duoc X1 =
0,3 tirc néng d6 enzyme alcalase - papain 1a 0,3%, X>=50 tic nhiét do thiry phan 12 50°C,
X3=20 ttrc thoi gian thuy phan 1a 20 gio. Khi d6 ham muc tiéu () 1 hiéu suat thay phan
tao chondroitin sulfate dat 96,97% twong tng v&i ham lugng chondroitin sulfate, ham
lugng nito tong cua dich thay phan lan luot 12 40,5 mg/ml va 7,46 g/l dich thiy phan.

Vi diéu Kién toi weu nay thi muc tiéu vé hiéu sudt thiy phan tgo chondroitin sulfate
dat 96,97% cao hon S0 Véi muc tiéu mong muon tix md hinh 12 94,53% (hinh 3.41).

* Thi nghiém kiém chirng

Tién hanh thi nghiém kiém chang thay phan sun ca map bang hdn hop enzyme
alcalase - papain theo cac thong sé téi wu da tim duoc: ndng do hdn hop enzyme alcalase
- papain la 0,3%, nhiét do thuy phan la 50°C, thoi gian thuy phéan la 20 gio. Thi nghiém
duoc tién hanh 3 1an cho két qua hiéu suat thu hoi chondroitin sulfate thuc té dat 96,97
+ 1% va dich thay phan thu duoc c6 ham luong nito tong va ham luong chondroitin
sulfate dat twong ung 1a 7,46 g/lit va 40,5 mg/ml. Két qua cua thi nghiém kiém chang
mot lan nita khang dinh mé hinh da xay dung phu hop véi thuc té.
3.1.10. D& xuét quy trinh thity phan sun c4 map bang hdn hop enzyme alcalase papain

Tir cac nghién ciru & trén, cho phép dé xuat quy trinh thily phan sun c4 map bang

hdn hop enzyme alcalase - papain trinh bay & hinh 3.42.
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Xay, bao goi va cap dong

v

Ra dong
- Ti 1¢ enzyme alcalase/papain: 6:4
v - Ndng d6 hdn hop alcalase-papain: 0,3%
Thuy phan - Ti 18 sun/nudc: 50/50,

- t°C: 50°C, pH ty nhién: 6,8
- Thoi gian thuy phéan: 20 gio

A\ 4
Bat hoat enzyme

Loc

!

Dich thuy phan

Hinh 3.42. So' d6 quy trinh thity phan sun c4 mép bing hén hop enzyme alcalase -papain

* Thuyét minh quy trinh

+ Sun c& map: Ca map duoc thu mua nguyén con tai cang ca Vinh Luong - Nha
Trang - Khanh Hoa. Ca tuoi ¢6 trong lugng trung binh 40+60kg/con. Ca map dugc khai
thac trong thoi gian tir thang 2+10 hang nam. Sau thu mua, thu toan bd vay c4, sun ca
va van chuyén vé phong thi nghiém. Tai phong thi nghiém, tién hanh xt Iy loai bo thit,
mo lién két va lam sach dé thu sun ca map.

+ Xay, bao goi va cap déng: tién hanh xay nho sun cad map bang may xay thit
nham dbng nhat mau va bao g6i bang bao bi PA 2kg/tdi, hat chan khéng 100%, cip
d6ng va bao quan dong & -20°C dé dung trong suét qué trinh nghién cau.

Hon hop sun cd map c6 thanh phan: Ham luwong chondroitin sulfate:
41,77+0,21mg/g, ham luong tro tong sd: 4,2+0,11g/100g, ham luong nito tong So:
2,64+0,02g/100g, 46 am 80,7+1,12%.

+ R& ddng: Trudc khi thuy phan tién hanh ri dong nhanh trong thoi gian 2 phat
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trong 10 vi song.

+ Thiy phan: Tién hanh thay phan sun c& map bang hon hop enzyme alcalase -
papain trong bé thuy phan theo cac thdng sb ky thuat sau: Ti 1é enzyme alcalase/papain
la 6:4; Nong d6 hdn hop enzyme alcalase-papain 12 0,3%, ti 1& sun/nudc 1a 50/50, nhiét
d6 thuy phan 50°C, thuy phan ¢ pH tu nhién (6,8) trong thoi gian 20 gio.

+ Bat hoat enzyme: Két thic qua trinh thay phan, tién hanh bat hoat enzyme bang
cach dun sdi dich thay phan trong thoi gian 10 phdt.

+ Loc: tién hanh loc so bo hdn hop thuy phan qua 2 16p vai loc dé thu dich loc tho.
Sau do, tiép tuc loc dich loc tho qua h¢ théng loc htit chan khong vai kich ¢4 161 st cho phép
cac chat di qua c6 kich ¢& nhé hon Sum dé thu dich loc trong. Dich loc dugc dun s6i trong
thoi gian 10 phat va bao quan & ngan mat ti lanh (4+1°C) dé dung cho qué trinh phan

tich va nghién ctru sy phun (hinh 3.43).

Hinh 3.43. Hinh anh vé dich thily phan sm{ od in@p
3.2. PANH GIA CHAT LUQNG DICH THUY PHAN SUN CA MAP BANG
HON HQP ENZYME ALCALASE - PAPAIN VA PHAN TICH CAU TRUC
CUA CHONDROITIN SULFATE
3.2.1. Panh gia chat lwgng dich thiiy phan sun ca map

Tién hanh san xuat thtr dich thuy phan tir sun ¢ map theo quy trinh thay phan da dé
XUAt & trén va lay mau danh gia chat luong caa dich thity phan sun ca map. Két qua danh
gia thanh phan hda hoc, ning lwong cua dich thiy phan tai Vién Pasteur Nha Trang va
Vién Kiém nghiém An toan Vé sinh Thuc pham Quéc gia - Bo Y té duoc trinh by & bang

3.4 va két qua danh gia cam quan va vi sinh vat dugc trinh bay ¢ cac bang 3.5 va 3.6.
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Béng 3.4. Thanh phén héa hoc va ning lwgng ciia dich thiy phan sun ca mip

STT Chi tiéu héa hec Pon vi Két qua

1 | Ham lugng nito tong s6 g/lit 7,46

2 Nang luong dinh dudng Kcal/100ml 20,42
3 | Ham luong khoang tong s6 g/lit 3,02

4 Ham lugng Magie mg/lit 205,49
5 Ham lugng kém mg/lit 7,63

6 Ham luong st mg/lit 4,78

7 Ham lugng Thuy ngén mg/lit Khéng phat hién
8 Ham lugng Arsen mg/lit Khoéng phat hién
9 Ham luong protein thd g/lit 46,63
10 | Ham lugng Alanine g/lit 2,617
11 | Ham luong Arginine g/lit 7,921
12 | Ham lugng Aspartic g/lit 2,164
13 | Ham lugng Cysteine g/lit 0,254
14 | Ham lugng Cystine g/lit 0,469
15 | Ham lugng Glutamic g/lit 3,102
16 | Ham lugng Glycine g/lit 5,202
17 | Ham lugng Histidine g/lit 0,221
18 | Ham lugng Isoleucine g/lit 0,415
19 | Ham lugng Leucine g/lit 3,680
20 | Ham lugng Lysine g/lit 1,043
21 | Ham lugng Methionine g/lit 0,994
22 | Ham luong Phenylalanine g/lit 0,653
23 | Ham lugng Tryptophane g/lit 0,129
24 | Ham lugng Serine g/lit 0,836
25 | Ham lugng Threonine g/lit 1,009
26 | Ham lugng Tyrosine g/lit 0,047
27 | Ham lugng Valine g/lit 0,812
28 | Ham lugng chondroitin sulfate mg/ml 40,50
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Bang 3.5. Trang thai cam quan cuaa dich thiy phan

STT Chi tiéu Két qua
1 Trang thai Dich long, sanh
2 Mau sic Mau hoi vang
3 Mui vi bac trung cua dich thuy phan
Bang 3.6. Két qua phan tich mét sé chi tiéu vi sinh cia dich thiy phan sun cé
map
STT Chi tiéu Ponvi | Kétqua | Quydinh QCVN
tinh 4 -16:2010/BYT
1 | Tong sé VSV hiéu khi CFU/g 8 < 5000
2 | Salmonella CFU/g Neg Am tinh
3 | Coliforms CFU/g Neg Am tinh
4 | Toéng s bao ta ndm men, nim méc | CFU/g Neg <500

(Neg: khong phat hién)

Tir cac két qua phan tich & cac bang 3.4 + 3.6 cho thay:

* V¢ thanh phan héa hoc va niing lweng ciia dich thity phin sun c4 mép:

Két qua phén tich ¢ bang 3.4 cho thiy dich thily phan sun ca map rat gidu ning
luong 20,42 Kcal/100ml, gidu khoang chat, dic biét gidu Magie: 205,49 mg/l va kém
7,63mg/lit - day 1a nhimg khoang chat rat can cho stc khoe cua con nguoi. Ngoai ra
dich thity phan sun ca mép chira 18 acid amin thiét yéu ddi v6i con nguoi va dic biét 1a
¢6 ham lugng chondroitin sulfate tai 40,5mg/ml - ddy 1a thanh phan rat can thiét cho
viéc tai tao mo sun, chong 140 hoa sun khép & con ngudi.

* V@ chét lwong cim quan:

Két qua danh gia ¢ bang 3.5 cho thay san pham dich thiy phan sun ca map & dang
long, sdnh va co mau vang nhat, mui vi dac trung cho sun cd map.

* V& chi tiéu vi sinh vat:

Két qua phan tich vi sinh ¢ bang 3.6 cho thay dich thay phan sun c& map dat yéu
cau vé cé4c chi tiéu vi sinh vat theo quy dinh cua Bo Y té.

Tur nhizng phan tich trén cho thdy dich thiy phan sun c& mdp dwroc sdan xudt theo

99




quy trinh cua ludn an cé chdt hieong tot va dat cac yéu cau vi sinh vdt theo Quy dinh
hién hanh cia B4 Y Té. Nhu vy, dich thuiy phan sun c& mdp dd san xudt dat tiéu chudn
chdt lwong dé dung trong thuc pham va dinh hwéng lam theec pham chite néng.
3.2.2. Phén tich céu tric chondroitin sulfate cé trong dich thiy phan sun ca map
Tién hanh két taa chondroitin sulfate c6 trong sun ca map bang ethanol & nong do
80%. Sau d6 tinh sach chondroitin sulfate qua hé théng sic ki trao d6i ion DEAE-
cellulose, sic ky loc gel sephadex G25 va tién hanh phan tich ciu tric caa chondroitin
sulfate.
* Dy doan nhom chirc trong céu tric cia chondroitin sulfate bang pho FT-IR
Két qua phan tich nham du doan nhém chirc trong cau tric cia chondroitin sulfate
cua dich thay phan sun cd map dwa vao phan tich phd FT-IR tai Trung tim Cong nghé

Buc xa - Vién Hat nhan Da lat duoc trinh bay ¢ hinh 3.44,

0.5

0.4

—— TP
_
—

0.z

3306 em-1

>—1641 em-1
\
=1403 em-1

927 em
—
-
STl
-
e
E

0.1 g .
/// \\'\
ya NN /

077 e
raw s !

o _— L I
4000 3000 2000
Wavenumber [em-1]

Hinh 3.44. Két qua x4c dinh cac nhém chirc ciia chondroitin sulfate c6 trong dich thiy
phan sun ca map dwa vao pho FT-IR

Két qua phan tich trinh bay & hinh 3.44 cho thiy phd FT-IR cua chondroitin sulfate
thé hién cac dinh dic trung ctia dao dong -CONH lién két voi nhém C-0, dao dong cua
nhém S=0, -C-0-S, -COO; C-C, C-O-S va R-SO,-R. Két qua do pho FT-IR cho thay
phd hong ngoai caa chondroitin sulfate c6 dinh hap thy nam trong ving 3306 cm™ dic
trung cho dao dong hoé tri caa nhém -OH lién hop, dinh hap thu ¢ 2927 cm™ dic trung
cho dao dong hoa tri bat dbi xtimg va déi xtirng caa nhém -CH, dinh hap thu & 1641 cm
1 d3c trung cho dao dong bién dang caa cuia amin bac mot va dao dong lién két cia nhom
-CONH v¢i dao dong bat ddi xung cia nhom C-0, dinh hap thu ¢ 1547, 1403 lan luot
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tuong ung vai dao dong hda tri caa nhdm -C=0 va dao dong cta nhém —OH. Ngoai ra,
con xuat hién dinh hap thu & ving dao dong bat d6i xing cé dai hap thu tai 1243cm-1
(S=0) 1a dic trung cho cac sulfate este. Dinh hip thu & 838 cmt cho thiy dao dong dbi
xung cua nhém C-O-S tai vi tri C4 axial cua vong fucopyranose (4-O-sulfated Fuc hoac
4-O-sulfatedGalNAC).

Két qua du doan nhom chirc cua chondroitin sulfate cé trong dich thiy phan sun
c4 map dua vao phd FT-IR thu dwoc nhu sau:

CH,OR,
e B
\ On H>|- ° H "

5 /i H  NHCOCH,

|
H  OR;
Hinh 3.45. Dy doan nhém chitc trong cau triic chondroitin sulfate tir sun ca mép

D - glucuronic acid (GIcA) N-acetyl-D-galactosamine (GalNAc)
R1 = SO3", R2 = Rz = H: Chondroitin - 4 - sulfate (CSA)
Rz = SOz7, R1 = Rs = H: Chondroitin - 6 - sulfate (CSC)

Acetyl-D-galactosamine (GalNAc) qua lién két glucosid (1-3). Géc D - glucuronic
acid (GIcA) c6 thé bi epime hda thanh L-iduronic (IdoA). Mdi goc duong cé thé khong
bi sulfate hda hoac bi sulphate hoa 1 hoic 2 gbc sulphate trén mot goe duong.

Chondroitin sulfate tir cac nguon nguyén liéu khac nhau rat da dang vé cau tric va
kich thudc, chdng chira & mie d6 nhiéu hay it mot sb luong cac isome cia chondroitin
sulfate, c6 ti 16 isome chondroitin sulfate, phu thudc vao vi tri sulphat hda caa céc goc
duong don. Chondroitin sulfate thu nhan tir syn ca map thuong chii yéu & hai dang:
chondroitin - 4 - sulfate (CSA) (GIcA-GalNAc-4S) va chondroitin - 6 -sulfate (CSC)
(GIcA-GalNAc-6S) chiém ti 1& 16% va 84%.

Tién hanh phan tich ciu tric caa chondroitin sulfate cé trong dich thay phan sun
c4 map bang cac phuong phap phd *H -NMR va 3C - NMR mét chiéu (1D), cac phuong
phap phé hai chiéu (2D) nhu: HSQC, HMBC, COSY tai Vién Hda hoc - Vién Han 1am
Khoa hoc va Cong nghé Viét Nam. Két qua phan tich cho thiy céc tin hiéu dic trung va

16 rang dé chizng minh 1a chondroitin sulfate voi cac manh cau trac dic trung:
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GlcA-GalNAc-4SO3

GlcA-GalNAc-6 SOs

Diéu nay mét 1an nita chirng té chondroitin sulfate bi sulphate héa & cac vi tri 4, 6
khong dong déu, dan téi cau tric phuc tap.

Dé chirng minh cdng thic ciu tao cua chondroitin sulfate ¢ trong dich thay phan
tir sun ca map, chung ta ky hiéu nhom Hydrogen la H, nhém Carbon la C, nhéom D -
glucuronic acid (GlcA) 1a U, nhom GlcA la U’, nhom N-acetyl-D-galactosamine
(GalNAC)-6S 1a G va nhom GalNAc-4S 1a G°, dugc thé hién thdng qua cac két qua phd
cong huong tir hat nhan 1 chiéu *H-NMR (phd proton), phé 3C-NMR (pho c6 tir 2
proton), phd COSY, phé cong hudng tir hat nhan hai chiéu HSQC, phdé HMBC (pho lién
két di nhan: tac ¢ tir 2-3 proton lién két v6i nhau), nhu sau:

+ PHAN TiICH CAU TRUC CHONDROITIN SULFATE BANG PHO 'H-NMR

Phé proton (*H-NMR hay proton NMR) cho biét méi truong hoa hoc caa proton
trong phan tir. Cac proton c6 mdi truong hoé hoc khac nhau s& c6 chuyén dich hoa hoc
khac nhau.

Phé proton cia 1 proton hay 1 nhom proton c6 cing mdi trudng hoé hoc (nhu 3
proton ciia nhém CHs) thé hién trén pho cd thé 1a 1 dinh. Pinh nay c6 thé 1a dinh don,
d6i, ba ... t6i 7 dinh thanh phan (dinh 7). Dién tich cia mdi dinh ti 1¢ véi s6 lugng proton
cta dinh. Dya vao dién tich dinh c6 thé biét sé proton caa dinh d6. Mot théng sé quan
trong khac ciia phd proton 1a hiang sé ghép (J) tinh bang Hz, cho biét trong tac cua
proton véi cac proton ké can.

Cin clr vao gia tri CS, dang vach bi va gia tri tich phan ciing dé dang xac dinh 02
tin hiéu ving khitr che chan & phia truong thap 1a H1 (S, che chan rat manh do lién véi
20) va H5 (dg, che chan manh do ké véi C=0). C6 thé gan cap tin hiéu cua 02 proton
khong twong dwong ciia cling mot goc CHo.

Két qua phan tich cau tric chondroitin sulfate bang phd 'H-NMR (phé proton)
duoc thé hién trén hinh 3.46 va 3.47.
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Hinh 3.46. Tin hiéu cu tric manh chondroitin sulfate thu dwgc bang pho 'H-NMR véi
d6 dich chuyén héa hoc proton tir Oppm + 5,Sppm

Két qua phan tich manh cau tric chondroitin sulfate trén hinh 3.46 két hop voi
cac pho khéc cho thay rét rd tin hiéu cua proton nhdm -CHsz (-COCH3) & 2,02ppm thé
hién trén dinh pick cao va ré nhat véi do dich chuyén hoa hoc cia nhdm CHs (-COCHs)
nam trong khoang tir 1,8ppm + 2,2ppm. Do dich chuyén héa hoc caa cac tin hiéu o-
anomeric GalNAc va B-anomeric GalNAc thé hién khong rd nét, cé dac thi chong lan
lén nhau, nam trong khoang tir 4,4ppm =+ 5,5ppm. Piéu nay chuang to cac proton cua
nhoém H nay co thé lién két da chiéu véi proton C cua nhdm khéac. Céc tin hiéu cua
pronton mach vong, tic 1a proton mach vong c6 goc Carbon (C) gan véi gbc sulfate co
d6 dich chuyén hoa hoc trong khoang tir 3,2ppm + 4,4ppm.

Can ctr vao gia tri CS, dang vach boi va gia trj tich phan, c6 thé thiy d& dang gan
dugc 03 tin hiéu cua 03 nhém CHs, trong d6 ¢6 01 tin hiéu vach don (s) cua H5 va hai
tin hiéu vach kép (d) cua H3 va H4.

Céc tin hiéu vung 3,2+4,8ppm bi chong chap manh, khé gan theo pho *H- NMR.
Py 1a vung tin hiéu cua chondroitin sulfate mach vong. Dé gan duoc cac vi tri nay, can
két hop vai phan tich phé 2D-NMR duéi day:
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Hinh 3.47. Tin hiéu cau triic manh chondroitin sulfate thu dwoc bang pho 'H-NMR véi
d0 dich chuyén héa hgc proton tir 2,9ppm + 4,9ppm

Két qua phan tich manh cau tric chondroitin sulfate & hinh 3.47 két hop véi cac
phd khac cho thay c6 20 pick, tic 1a ¢6 20 tin hiéu. Cu thé, tin hiéu caa U2 hay con goi
1a do dich chuyén héa hoc ciia nhém U2 nam trong khoang 3,23 + 3,28ppm. Tuong tu,
thay rd tin hiéu trén phd *H-NMR hay con goi 1a @6 dich chuyén hoa hoc cia cac nhom
khac nam trong cac khoang gié tri nhu sau: nhom U1 = 4,63 + 4,67ppm, U3 = 3,42 +
3,47ppm, U4 = 3,34 + 3,36ppm, U5 = 3,36 + 3,37ppm, U’5 = 3,47 + 3,51ppm, U’4 =
3,62 +3,68ppm, U’3 = 3,51 + 3,55ppm, U’2 = 3,38 + 3,39ppm, U’ = 4,44 + 4, 46ppm,
G’6 = 3,74 + 3,75ppm, G’5 = 3,39 +3,41ppm, G’4 = 3,41 + 3,42ppm, G’3 = 3,68 +
3,71ppm, G’2 = 3,55 + 3,58ppm, G6 = 3,84 + 3,91ppm, G5 = 3,78 + 3,82ppm, G4 =
4,71 + 4,77ppm, G3 =3,91 + 3,97ppm, G2 = 3,98 + 4,06ppm, G1 = 4,57 + 4,62ppm.

Qua phan tich trén, chzng te chondroitin sulfate b; sulphate hoéa ¢ cac vi tri khong
dong déu, dan téi cau trac phac tap.

+ PHAN TICH CAU TRUC CHONDROITIN SULFATE BANG PHO 3C-
NMR (phé cong hwéng tir hat nhan 1 chiéu)

Két qua phan tich cau tric chondroitin sulfate bang phd *C-NMR. Phé cong huong
tir hat nhan carbon 3C-NMR cua chondroitin sulfate tir dich thuy phan sun c& map cho
biét @ dich chuyén hoa hoc ciia nguyén tir hydro (H) va carbon (C) duoc trinh bay trén
hinh 3.48, 3.49 va 3.50 nhu sau:

104



C vong va C gan

nhom Sulfate CH3 (COCH3
_J

[=0(-c00-) | [C=0(COCH3) |

T T ) T " f i T T T T ) T ) T i T " T o T
200 180 160 140 120 100 80 60 40 20 0 ppm

Hinh 3.48. Pho *C-NMR ciia chondroitin sulfate c6 trong dich thity phan tir sun ca
map

Két qua phan tich trén hinh 3.48 két hop vai cac phd khac cho thay rat rd tin hiéu
caa proton nhom carbon -CH3 (-COCHg) 1a 23,18ppm, tin hiéu cua nhém C=0 (COCHy)
la 174,72ppm, tin hiéu cua nhom C=0 (-COO0-) la 175,42ppm va tin hiéu thé hién do
dich chuyén héa hoc ciia nhém Carbon mach vong va Carbon c6 gan nhom sulphate
nam trong khoang tir 52ppm < 105ppm.

Phé cong huong tir hat nhan carbon-13 (2C-NMR) cung cac cap thong tin vé do
dich chuyén hoa hoc cua carbon. Carbon lai hoa SP3 khong lién két véi di t6 chuyén
dich trong khoang 0 + 60 ppm. Carbon lién két don véi oxy (alcol, ether) chuyén dich
trong khoang 55 + 105 ppm. Carbon lai hoa SP2 chuyén dich trong khoang 105 + 150
ppm; néu c6 lién két (doi) vai oxy co thé chuyén dich tai 240 ppm. Véi k§ thuat do phd
hién tai, phd NMR cua carbon la nhitng vach don, mdi vach tng véi mot carbon (hon 1
carbon néu ching c6 chung méi trudng hoé hoc) cua phan ti,

Két qua phan tich ¢ hinh 3.49 cho thiy c6 15 peak ng véi 15 lién két caa proton
carbon lién két vai proton hydro & trudng thap. Két hop véi cac phd khac cho thay tin
hiéu cia G6 hay con goi 1a do dich chuyén héa hoc cia nhdm G6 nam trong khoang
56,8 + 57,8ppm. Twong tu, thay tin hiéu rd nhat trén phd BC-NMR hay con goi 1a d6
dich chuyén hoa hoc ciia cac nhdm khac nam trong cac khoang gié tri nhu sau: nhoém
G’6 = 72,4 + 73,5ppm, G’5 = 71,8 + 72,3ppm, G’3 = 61,2 + 62,3ppm, G’2 = 80,2 +
81,3ppm, G’1 =92,7 + 92 9ppm, G2 = 67,5 + 68,7ppm, G1 = 101,2 + 102,3ppm, U5 =
70,2 +70,8ppm, U4 = 73,6 + 77,8ppm, Ul = 96,2 + 97,0ppm, U’1 = 103,7 + 104,8ppm.
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Hinh 3.49. Tin hiéu cu tric manh chondroitin sulfate thu dwoc bang phé *C-NMR
v6i d§ dich chuyén héa hoc proton tir S0ppm + 10Sppm

Két qua phan tich chondroitin sulfate bang phé Phd 13C-NMR & hinh 3.50 két hop
véi cac pho khac cho thay cé 14 pick cao va rd nhat, diéu nay cho thay rd nhat tin hiéu
cuia U5 hay con goi 1a do dich chuyén héa hoc cua nhém U5 nam trong khoang 70,2 +
70,7ppm. Tuong tu, thay tin hiéu rd nhat trén pho 3C -NMR hay con goi 1a d6 dich
chuyén hoa hoc caa cac nhdm khac nam trong cac khoang gia tri nhu sau: nhom G’5 =
72,1 = 722ppm, G’6 = 72,2 + 72,9ppm, U4 = 72,8 + 73,1ppm, G5 = 73,2 + 73,3ppm,
U’3 = 73,4 + 73,6ppm, G’4 = 74,2 + 74,4ppm, U2 = 74,4 + 74, 7ppm, U’4 = 74,8 +
75,1ppm, U’5 = 75,2 + 75,4ppm, G3 = 75,8 = 76,3ppm, U’2 = 76,4 + 76,6ppm, G4 =
76,8 +77,2,U3 =772+ 77,6ppm, G2 =80,7 + 81,1ppm.
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Hinh 3.50. Tin hiéu cu triic manh chondroitin sulfate thu dwoc bang pho *C-NMR
v6i d9 dich chuyén héa hoc proton tir 67ppm + 82ppm
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Qua phan tich két qua phé *C-NMR, cho thdy chondroitin sulfate b; sulphate hoa
& CAc Vi tri khdong dong déu va c6 cau tric pharc tap.

+ PHAN TiCH CAU TRUC CHONDROITIN SULFATE BANG PHO HSQC

Phé HSQC la ki thuat pho hai chiéu 2D con cho thém cac thong tin vé tuong tac
gitta C va H gén truc tiép trén no, cho ta théng tin vé cac lién két truc tiép 1JCH. Viéc
phan tich phd HSQC s& rat dé dang va quan trong khi di gan duoc tét phd 'H-NMR va
phd COSY.

Phé Dept-HSQC cho thang tin vé lién két truc tiép 1JCH va phan biét CH2 Vi
CH va CH3. Trén phd d& dang gan 04 cap tin hiéu CH2 bét ddi xtng.

Bang phd HSQC két hop véi cac phd khac cho thay cac tin hiéu cua proton 1H va
13C cuia mach chondroitin sulfate duoc gan két theo bang sau:

Bing 3.7. Bang gin cac tin hiéu di nhan proton H/C trén pho HSQC

H/C GlcA (U) GlcA (1) GalNAc-6S (G) | GalNAc-4S (G)
H1/C1 | 4,63/96,54 | Ul | 4,46/103,95 | U’1 | 4,59/101,33 | G1 | 5,23/92,71 |G’1
H2/C2 | 3,24/7440 | U2 | 3,41/76,46 | U’2 | 4,01/68,23 | G2 | 3,78/80,94 |G2
H3/C3 | 3,45/77,33 | U3 | 3,65/77,33 | U3 | 3,94/76,04 | G3 | 3,78/61,45 |G'3
H4/C4 | 3,38/72,93 | U4 | 3,89/74,89 | U4 | 4,73/77,09 | G4 | 3,61/7427 |G4
H5/C5 | 3,39/70,41 | U5 | 3,71/75,17 | U’5 | 3,78/73,20 | G5 | 3,56/72,12 | G5
H6/C6 4,01/52,17 | G6 | 3,87/72,17 |G'6
H/CH3 2,02/23,18 | G7 | 2,02/23,18 |G’7

Tir két qua & bang 3.7 cho thay:

e Poi véi nhom GIcA (U)

Tin hiéu thay rd nhat cua Hydro (H) va Carbon (C) hay d6 dich chuyén proton rd
nhat caa H va C caa nhdm GIcA (U1) ky hiéu 1a U1 lan luot trong Gng 1a 4,63ppm va
96,54ppm. Tuong tu, tin hiéu rd nhat hay do dich chuyén proton cia H va C cia nhoém
GlcA (U2) ky hiéu 1a U2 lan luot la 3,24ppm va 74,40ppm. Do dich chuyén proton cua
H va C ciia nhom GIcA (U3) ky hiéu 12 U3 lan luot 1a 3,45ppm va 77,33ppm. Tin hiéu
rd nhat hay do dich chuyén proton cia H va C ciia nhom GIcA (U4) ky hiéu 1a U4 lan
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luot 12 3,38ppm va 72,93ppm. Tin hiéu rd nhat hay d6 dich chuyén proton cia H va C
ctia nhdm GIcA (U5) ky hiéu 1a U5 lan luot 12 3,39ppm va 70,41ppm. Con cac tin hiéu
cua nhém H, C va CH3 cua cac nhom khéac con lai khéng nhan ré hoac mo nhat.

e Pdi vi nhom GleA (U?)

Tin hiéu thay rd nhat caa Hydro (H) hay do dich chuyén proton rd nhat cua H trong
nhém GIcA (U”) 1an luot twong tng 1a H’1 =4,46ppm, H’2= 3,41ppm, H’3= 3,65ppm,
H’4 = 3,89ppm, H’5 = 3,71ppm. Tin hiéu thay rd nhat cua Carbon (C) hay d6 dich
chuyén proton rd nhat cia C cta nhom GlcA (U’) lan luot twong tng 1a va C’1=
103,95ppm, C’2= 76,46ppm, C’3 = 77,33ppm, C’4 = 74,89ppm, C’5 = 75,1 7ppm. Con
cac tin hiéu caa nhdm H, C va CH3 cuaa cac nhom khac con lai trong mau khoéng nhan
rdé hoac mo nhat.

e Doi véi nhom GalNAc-6S (G)

Tin hiéu thay rd nhat caa Hydro (H) va Carbon (C) hay d6 dich chuyén proton rd
nhét ciia H va C cia nhom GalNAc-6S (G1) ky hiéu 1a G1 lan luot twong tng l1a 4,59ppm
va 101,33ppm. Tuong tu, tin hiéu rd nhat hay do dich chuyén proton cua H va C cua
nhém GalNAc-6S (G2) ky hiéu 1a G2 1an luot 12 4,01ppm va 68,23ppm. D¢ dich chuyén
proton cua H va C cua nhom GalNAc-6S (G3) ky hiéu 1a G3 lan luot la 3,94ppm va
76,04ppm. Tin hiéu rd nhat hay d6 dich chuyén proton cua H va C caa nhom GalNAc-
6S (G4) ky hiéu 12 G4 lan luot 1a 4,73ppm va 77,09ppm. Tin hiéu rd nhat hay d6 dich
chuyén proton cua H va C ctia nhdm GalNAc-6S (G5) ky hiéu 1a G5 lan luot 4 3,78ppm
va 73,20ppm. Tin hiéu rd nhat hay d6 dich chuyén proton cta H va C ciia nhom GalNAc-
6S (G6) ky hiéu 12 G6 lan luot 1a 4,01ppm va 52,17ppm. Tin hiéu rd nhat hay d6 dich
chuyén proton cua H va C cia nhdm GalNAc-6S (G7) ky hiéu 1a G7 lan luot 1a 2,02ppm
va 23,18ppm.

e Déi véi nhom GalNAc-4S (G?)

Tin hiéu thay rd nhat cua Hydro (H) va Carbon (C) hay d6 dich chuyén proton ro
nhat cia H va C caa nhom GalNAc-4S (G’1) ky hiéu 1a G’1 lan luot twong ung la
5,23ppm va 92,71ppm. Tuong ty, tin hiéu rd nhat hay d6 dich chuyén proton cia H va
C cua nhém GalNAc-4S (G*2) ky hiéu 12 G°2 14n lugt 12 3,78ppm va 80,94ppm. Do dich
chuyén proton ciia H va C caa nhom GalNAc-4S (G’3) ky hiéu 1a G’3 lan luot Ia
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3,78ppm va 61,45ppm. Tin hiéu rd nhat hay d6 dich chuyén proton cia H va C cia nhom
GalNACc-4S (G’4) ky hiéu 1a G’4 1an luot 12 3,61ppm va 74,27ppm. Tin hiéu rd nhit hay
d6 dich chuyén proton cua H va C cia nhém GalNAc-4S (G5) ky hiéu 1a G’5 1an lugt
la 3,56ppm va 72,12ppm. Tin hiéu rd nhat hay d6 dich chuyén proton cia H va C cua
nhom GalNAc-4S (G’6) ky hiéu 1a G’6 lan luot 1a 3,87ppm va 72,17ppm. Tin hiéu rd
nhét hay do dich chuyén proton caa H va C caa nhom GalNAc-4S (G’7) ky hiéu 1a G*7
lan luot 1 2,02ppm va 23,18ppm.
+ Phan tich c4u trac chondroitin sulfate bing phé HSQC:
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Hinh 3.51. Tin hiéu c4u tric manh chondroitin sulfate bing pho HSQC véi dd dich
chuyén héa hoc proton ciia H tir 4.3 +5.3ppm va C tir 76 + 106ppm

Két qua phan tich trinh bay ¢ hinh 3.51 cho thay: tin hiéu rd nhat 14 tai vi tri G4
tuong tng véi proton cua H va C trong nhdm GalNAc -6S (G4) c6 d6 dich chuyén hoa
hoc vai gia tri 1a 4,73ppm va 77,09ppm. Tai diém GalNAc -4S (G’1) tuong ang Voi
proton cia H va C trong nhdm G’1 ¢6 do dich chuyén hda hoc véi gié tri 1a 5,23ppm va
92,71ppm. Tai diém GIcA -4S (U1) véi proton ciia H va C trong nhém Ul c¢6 do dich
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chuyén hda hoc twong (g véi gia tri 1a 4,63ppm va 96,54ppm. Tai diém GIcA -4S (U’ 1)
véi proton ciia H va C trong nhdm U’1 ¢6 d6 dich chuyén héa hoc twong ng Vi gia tri
la 4,46ppm va 103,95ppm. Cudi cung, tin hiéu rd nhat 1a tai vi tri G1 tuong ung Voi
proton cia H va C trong nhém GalNAc -6S (G1) c6 d6 dich chuyén héa hoc voéi gié tri

la 4,59ppm va 101,33ppm.
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Hinh 3.52. Tin hiéu cdu tric manh chondroitin sulfate bing phd HSQC véi dd
dich chuyén héa hoc proton cia H tir 3,1 + 4,Sppm va C tir S0 ~ 85ppm
Két qua phan tich trinh bay & hinh 3.52 cho thay tin hiéu rd nhat 14 tai vi tri G6
tuong tng Véi proton cua H va C trong nhdm GalNAc -6S (G6) c6 d6 dich chuyén hoa
hoc véi gia tri 1a 4,01ppm va 52,17ppm. Tai vi tri G5 twong (rng vai proton cua H va C
trong nhém GalNAc -6S (G5) c6 do dich chuyén hda hoc véi gia tri 1a 3,78ppm va
73,20ppm. Tai vi tri G3 tuong (g Vvéi proton cua H va C trong nhdm GalNAc -6S (G3)
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c6 do dich chuyén hda hoc véi gia tri 1a 3,94ppm va 76,04ppm. Tai vi tri G2 tuong tng
véi proton cia H va C trong nhém GalNAc -6S (G2) c6 do dich chuyén héa hoc véi gia
tri 14 4,01ppm va 68,23ppm. Tai vi tri G1 twong (rng v&i proton caa H va C trong nhom
GalNAC -6S (G1) c6 do dich chuyén hda hoc vai gié tri 1a 4,59ppm va 101,33ppm.

Tai diém GalNAc -4S (G’3) tuong tng véi proton cua H va C trong nhém G’3 ¢6
d6 dich chuyén héa hoc véi gia tri 12 3,78ppm va 61,45ppm. Tai diém GalNAc -4S (G’4)
tuong tng Vaéi proton cia H va C trong nhém G’3 ¢6 d6 dich chuyén hoa hoc véi gia tri
la 3,61ppm va 74,27ppm. Tai diém GalNAc -4S (G’5) twong tng voi proton cua H va
C trong nhém G’5 ¢6 do dich chuyén hoéa hoc véi gia tri 1a 3,56ppm va 72,12ppm. Tai
diém GalNAc -4S (G’6) twong @ng Véi proton cia H va C trong nhom G’6 ¢ do dich
chuyén hoa hoc véi gia tri 1 3,87ppm va 72,12ppm.

Tai diém GIcA -4S (U2) véi proton cua H va C trong nhém U2 c6 d6 dich chuyén
héa hoc twong ung vai gia tri 1a 3,24ppm va 74,40ppm. Tai diém GIcA -4S (U3) voi
proton ciia H va C trong nhém U3 c6 do dich chuyén héa hoc twong tng voi gia trj 1a
3,45ppm va 77,33ppm. Tai diém GIcA -4S (U2) véi proton caa H va C trong nhom U2
c6 @6 dich chuyén hda hoc twong tng voi gia tri 1a 3,24ppm va 74,40ppm. Tai diém
GIcA -4S (U4) vai proton ciia H va C trong nhom U4 c6 d6 dich chuyén hoa hoc tuong
g Vvoi gid tri 1a 3,38ppm va 72,93ppm. Tai diém GIcA -4S (U5) véi proton cia H va
C trong nhém U5 ¢ do dich chuyén héa hoc twong ung véi gi tri 1a 3,39ppm va
70,41ppm.

Tai diém GIcA -4S (U’3) véi proton ciia H va C trong nhém U3 ¢6 do dich chuyén
hda hoc twong (ng Véi gia tri 1a 3,65ppm va 77,33ppm. Tai diém GICA -4S (U’4) Vi
proton ciia H va C trong nhém U’4 c6 do dich chuyén héa hoc twong wng véi gia tri 1a
3,89ppm va 74,89ppm. Cudi cung, tin hiéu rd nhat Ia tai vi tri tai diém GIcA -4S (U’5)
véi proton ciia H va C trong nhdm U’5 ¢6 d6 dich chuyén héa hoc twong tng véi gia tri
1a 3,71ppm va 75,17ppm.

Tur két qua phan tich pho 'C-NMR, phé 3C-NMR va phé HSQC ¢ trén cho thay

chondroitin sulfate cia dich thiy phan sy ca mdp tang c6 cdu triic nhw hinh 3.53.
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Hinh 3.53. Céu tric chondroitin sulfate c6 trong dich thiiy phén tir sun ca mép
+ PHAN TICH CAU TRUC MANH CHONDROITIN SULFATE BANG

PHO COSY

Phé COSY cho thong tin vé lién két H-H, thuong 1a 3JHH (nhu lién két H7-H8),
han hitu c6 thé c6 4JHH (nhu lién két H3-H4). Trén pho, khi néi cac tin hiéu duong
chéo va cac tin hiéu giao nhau cua mot cap lién két, ta sé dugc mot hinh vudng.

Pé phan tich pho COSY, ta lap bang gan COSY, bao gom sb lién két COSY H-H
cho mdi tin hiéu. Bé xac dinh sé lién két COSY lién quan téi mot tin hiéu trén duong
chéo, don gian chiing ta ¢&ém sb hinh vudng ¢ dinh Ia tin hiéu trén duong chéo dang xét.

Vai tro, y nghia chinh cta phén tich phd COSY la kiém chtng va néi rong cac két
qua gan phd 1H-NMR, tao nén cac cum lién két, cdc manh phan ti thay vi chi gan duoc
ting nhom proton tuong duong riéng ré. Vi thé, phd COSY sé chi ra cac proton ¢ lap,
khong tuong tac (H1, H4) va ghép ndi cac cum lién két qua 3JHH, nhu H1 - H3 - H5.

Két qua phan tich cau tric chondroitin sulfate cé trong dich thay phan tir sun cé
map thu dugc bang phd COSY cu thé nhu hinh 3.54, 3.55 va 3.56 nhu sau:
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Hinh 3.54. Tin hiéu cu triic manh chondroitin sulfate bang pho COSY véi do dich
chuyén héa hoc proton ciia H tir 1,0 = 5,5ppm va C tir 1,0 = 5,5ppm
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Hinh 3.55. Tin hiéu cu tric manh chondroitin sulfate bing phé HSQC véi d dich
chuyén héa hoc proton ciia H tir 3,1 + 5,4ppm va C tir 3,1 = 5,3ppm
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Hinh 3.56. Tin hiéu cu tricc manh chondroitin sulfate bing pho HSQC véi d dich
chuyén hoéa hoc proton ciia H tir 3,2 + 4,8ppm va C tir 3,2 + 4,8ppm

Dua vao két qua tin hiéu ciu trGc manh chondroitin sulfate thu duoc bang phd
COSY véi khoang dich chuyén héa hoc proton caa H tir 1,0 + 5,5ppm va C tir 1,0 +
5,5ppm trén hinh 3.55 cho thay: Gia tri proton caa C 1a 2,0ppm lién két 2 chiéu voi H
c6 gia tri proton 1a 2,0ppm va nhom CH3 thong qua cac peak duong chéo van quan sat
rd mac du hing s6 twong tac cua ching rat bé. Chung to, day 1a lién két giao dong, giao
dong hoa tri va giao dong bién dang khong doi xung.

Phé cong huang tir hat nhan xac dinh manh cau trdc chondroitn sulfate trong hinh
3.55 ciing khong ngoai I€, do 1a sy twong tac proton gitra cac nhom carbon nay véi proton
cua carbon hoic hydro cia nhém khac thé hién rd qua céc peak duong chéo, cu thé:

Proton G’1/G’2 ¢6 do dich chuyén héa hoc 5,23ppm c6 twong tac véi proton G’6
(3,87ppm) va G’1 (5,21ppm). Tuong tu, proton G4/G3 c6 tuong tac véi proton G4
(4,73ppm) va G3 (3,94ppm). Dic biét véi chat luong hinh anh caa phd HSQC rét tt do
dugc, thé hién su tuong tac gitra proton ciia G’4/G’3 ¢6 do dich chuyén hoé hoc la 3,61
ppm va proton G’5 ¢6 d6 dich chuyén hoa hoc 14 3,56ppm qua cac peak duong chéo van
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quan sat duoc mac di hang sé twong tac cua ching rat bé.

Dua vao két qua tin hiéu cdu trdc manh chondroitin sulfate thu duoc bang phd
HSQC vai khoang chay proton ciaa H tir 3,2 + 4,8ppm va C tir 3,2 + 4,8ppm trén hinh
3.56 cho thiy cac tuong tac gan vé mat khong gian giita cac proton G4-G4/G3-G6
(4,72ppm/  4,0ppm), G1-G2/G3- G6  (5,59ppm/4,0ppm), U1-Ul/U2-U2
(4,63ppm/3,24ppm), U’1-U’1/U2-U’2 (4,7ppm/3,38ppm), U3/U4-U3-U’1/U°2
(3,48ppm/3,38ppm), G’2-G’3-G’3/G’4 (3,71ppm/3,42ppm).

Phé HSQC trén hinh 3.56 1a mét minh chirng cu thé cho viéc gan phd proton H-
NMR khi da phan tich dugc pho carbon BC-NMR. Tir pho HSQC cho thay cé sy twong
tac truc tiép cua proton véi carbon tai cac vi tri lién két cua ching trong mach
chondroitin sulfate.

Qua phan tich két qua phé HSQC cho thdy chondroitin sulfate bj sulphate hoa ¢
Cac Vi tri khéng dong déu va co cdu trdc phic tap.

+ PHAN TiCH CAU TRUC CHONDROITIN SULFATE BANG PHO HMBC

Phé HMBC cho thang tin vé lién két xa nJCH véin = 2, 3, ... (hay con goi la lién
két di nhan), Ph6 HMBC déng vai trd quan trong dé gan cac C bac 4, vén khong gan
duogc trén phd HSQC, va dé két ndi cac cum, cac manh thanh phan ta hoan chinh.

Két qua x4c dinh manh cau trdc chondroitin sulfate bang phd HMBC duoc thé hién
trén hinh 3.57 +3.60.

Dya vao phdé HMBC trén hinh 3.57 cho ta thay cac tin hiéu rd nét, chung to c6 sy
tuong tac xa cia 2 + 3 lién két proton cua H véi d6 dich chuyén héa hoc tir 1,7 + 5,5ppm
va proton cua C véi do dich chuyén hda hoc tir 10 + 200ppm. Két qua cu thé duoc cat
nho va giai thich cy thé trén hinh 3.58 +3.60.

Két qua chay phd HMBC véi khoang chay proton cua H tir 3,1 + 5,4ppm va C tir
40 + 110ppm trén hinh 3.58 cho thay lién két di nhan caa proton G4/G6 thé hién qua do
dich chuyén hoa hoc proton caa H4/C6 1a 4,73ppm/52,17ppm. Tuong tu, lién két di
nhan cua proton G4/G3 thé hién qua d6 dich chuyén héa hoc proton cua H4/C3 la
4,73ppm/76,04ppm. Lién két di nhan caa proton nhdm G2/G3 thé hién qua d6 dich
chuyén hda hoc proton cua H2/C3 1a 4,01ppm/76,04ppm. Lién két di nhan cua proton
G5/G3 thé hién qua do dich chuyén hda hoc proton cua H5/C3 la 3,78ppm/76,04ppm.
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Hinh 3.57. Tin hiéu c4u tric manh chondroitin sulfate bang pho HMBC véi dd
dich chuyén hoéa hgc proton cua H tir 1,7 + 5,5ppm va C tir 10 + 200ppm

Lién két di nhan cua proton nhém G’6/G’3 thé hién qua d6 dich chuyén héa hoc
proton ciia H’6/C’3 1a 3,87ppm/61,45ppm. Lién két di nhan cua proton nhém G’5/G’4
thé hién qua d6 dich chuyén héa hoc proton cua H’5/C’4 1a 3,56ppm/74,27ppm. Lién
két di nhan caa proton nhém G’2/G’5 thé hién qua d6 dich chuyén héa hoc proton cua
H’2/C’5 1a 3,78ppm/72,12ppm.

Lién két di nhan caa proton nhém U3/U5 thé hién qua d6 dich chuyén hda hoc
proton ctia H3/C5 1a 3,45ppm/70,41ppm. Lién két di nhan cua proton nhém U2/U1 thé
hién qua d6 dich chuyén héa hoc proton caa H2/C1 1a 3,24ppm/96,54ppm. Lién két di
nhan ctia proton nhom U’2/U° 1 thé hién qua do dich chuyén hoa hoc proton ciia H*2/C’ 1
la 3,41ppm/103,95ppm.

116



I PO VA Y

' Ciath

T

'E]T:.l'(i'!-

"r_lm:s
| CNGGs
e WS
1

1
G243 !'r:'»ms

L

i

.lJ'E."h"I

- 40

100

=105

110

T 1 T |
5.2 5.0 4.8 4.8

Hinh 3.58. Tin hiéu cu tric manh chondroitin sulfate bang phé HMBC véi dd dich
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chuyén héa hoc proton ciia H tir 3,1 = 5,4ppm va C tir 40 = 110ppm

Két qua chay phdé HMBC trén hinh 3.59 chinh 12 ban cat chi tiét hon cua hinh 3.58
Véi tin hiéu cau tric manh chondroitin sulfate thu duoc bang phé HMBC vai khoang
chay proton cua H tir 3,4 + 4,7ppm va C tir 50 < 85ppm cho thay lién két di nhan cua
proton G4/G6 thé hién qua do dich chuyén hoa hoc proton cua H4/C6 la
4,73ppm/52,17ppm. Tuong tu, lién két di nhan cua proton G4/G3 thé hién qua do dich
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chuyén hoa hoc proton cua H4/C3 14 4,73ppm/76,04ppm. Lién két di nhan cua proton
nhém G2/G3 thé hién qua do dich chuyén hoéa hoc proton cua H2/C3 la
4,01ppm/76,04ppm. Lién két di nhan cua proton G5/G3 thé hién qua do dich chuyén
hoa hoc proton cua H5/C3 la 3,78ppm/76,04ppm.
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Hinh 3.59. Tin hiéu cu tric manh chondroitin sulfate bang phé HMBC véi dd dich
chuyén hoéa hoc proton ciia H tir 3,4 +~ 4,7ppm va C tir 50 + §5ppm
Lién két di nhan cua proton nhom G’3/G’3 thé hién qua d6 dich Chuyén héa hoc
proton cia H’3/C’3 1a 3,78ppm/61,45ppm. Lién két di nhan cua proton nhém G’6/G’3
thé hién qua d6 dich chuyén héa hoc proton cia H’6/C’3 1a 3,87ppm/61,45ppm. Lién
két di nhan ciia proton nhém G’5/G’4 thé hién qua d6 dich chuyén héa hoc proton cua
H’5/C’4 1a 3,56ppm/74,27ppm.
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Hinh 3.60. Tin hiéu cu tric manh chondroitin sulfate bang phé HMBC véi dd dich
chuyén hoa hoc proton ciia H tir 3,2 + 4,0ppm va C tir 60 ~ 105ppm

Két qua chay pho HMBC trén hinh 3.60 chinh 12 ban cat chi tiét hon cua hinh 3.59
Véi tin hiéu cau tric manh chondroitin sulfate thu duoc bang pho HMBC vaéi khoang
chay proton cua H tir 3,4 + 4,0ppm va C tir 60 + 105ppm cho thay lién két di nhan proton
G3/G2 thé hién qua do6 dich chuyén hoa hoc proton ciia H3/C2 1a 3,94ppm/68,23ppm.
Tuong tu, lién két di nhan caa proton G2/G3 thé hién qua do dich chuyén héa hoc proton
cuia H2/C3 1a 4,01ppm/76,04ppm. Lién két di nhan caa proton G5/G3 thé hién qua do
dich chuyén hoa hoc proton cua H5/C3 Ia 3,78ppm/76,04ppm. Lién két di nhan cua
proton nhdm G2/G1 thé hién qua d6 dich chuyén héa hoc proton cua H2/C1 la
4,01ppm/101,33ppm. Lién két di nhan cua proton G3/G1 thé hién qua do dich chuyén
hoa hoc proton cua H3/C1 la 3,94ppm/101,33ppm.

Lién két di nhan cua proton nhom G’6/G’3 thé hién qua d6 dich Chuyén héa hoc
proton cta H*6/C’3 1a 3,87ppm/61,45ppm. Lién két di nhan cuaa proton nhom G’3/G’3
thé hién qua do dich chuyén hoa hoc proton caa H’3/C’3 1a 3,78ppm/61,45ppm. Lién

két di nhan ciia proton nhém G’5/G’4 thé hién qua d6 dich chuyén héa hoc proton cua
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H’5/C’4 1a 3,56ppm/74,27ppm. Lién két di nhan caa proton nhém G*3/G*2 thé hién qua
d6 dich chuyén héa hoc proton cua H’3/C’2 1a 3,78ppm/80,94ppm. Lién két di nhan cua
proton nhdm U3/U5 thé hién qua d6 dich chuyén héa hoc proton cia H3/C5 la
3,45ppm/70,41ppm. Lién két di nhan caa proton nhém U2/U1 thé hién qua d6 dich
chuyén hda hoc proton cua H2/C1 1a 3,24ppm/96,54ppm. Lién két di nhan cua proton
nhom U’2/U°1 thé hién qua do dich chuyén hoéa hoc proton cua H’2/C’1 la
3,41ppm/103,95ppm.

Tong hop két qua phan tich HMBC vira dé hoan thién cdu tric, vira dé kiém ching
cac ket qua gan HSQC. HMBC cho biét thdng tin vé lién két xa 2JCH, 3JCH, nho d6 ¢6
thé “khau” cac manh 1JCH da gdn truée do theo phé HSQC. Khé khan chinh ciia buéc
nay 1a khéng phan biér diroc mét lién két 1a 2JCH hay 3JCH. Vi thé, khi phan tich phé
HMBC, thwong phdi két hop véi phan tich phé COSY. Diém ddc biét ciia phé HMBC la
cho phép gan cac C bdc 4, diéu ma khong thé thuc hién diwoc véi phé COSY. Chang
han, trong nhdm N-acetyl-D-galactosamine (GalNAc)-6S la: C bdc 4 ¢ 73,20ppm (C6)
c6 lién két véi proton H3 (s; 3,94ppm), nho dé ¢é thé gan C nay 1a 6 (qua 2JCH). Trong
nhém D — glucuronic acid (GlcA) 1a U: C bdc 4 thir 2 1a C5 (70,41ppm) lién kér dong
thoi véi H3 (3,45ppm) va H5 (3,39ppm), do vdy cé thé gan C5, c6 3JCH téi cd hai

hydrogen. Két qua thu dieoC nhw sau:

6
CH,0S05"
6 OH > o o——
COO- A
H O O !
4K/ On 1 H 3 2 1
H JNHCO H,
0} H
13 [2
H OH
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Tir cdc phwong phdp phan tich phé tH-NMR va 3C-NMR 1D va 2D cho phép két
lugn vé cdu triic ddc trung cua chondroitin sulfate ¢ trong dich thiy phan sun c& mdp

(Carcharhinus dussumieri) c6 cdng thitc cau tao nhuw sau:

6
CH,0S0y"
6 OH * 0 0—
COoO H
H 5 0 0_4_ 1
H N
4 H H A1 H |3
0 H  NHCOCH;
0 H
3 |2
H OH
6
CH,0H
6 0305

sk oH H 1 H 3 2
H NHCOCH,
o— H

GlcA-GalNAc-4S03
GlcA-GalNAc-6 SO3

Hinh 3.61. Cau triic chondroitin sulfate ¢é trong dich thity phan sun ¢4 map
3.3. NGHIEN CUU SAY PHUN TAO BOT PAM THUY PHAN CHUA

CHONDROITIN SULFATE
3.3.1. X4c dinh chat mang thich hop cho qua trinh say phun

Tién hanh 3 thi nghiém siy phun tao bot dam thay phan tir dich thuy phan sun ca
map véi cac mang khac nhau: Mau 1: maltodextrin 10%, Mau 2: gum arabic 10%, Mau
3: saccharose 10%. Qua trinh say phun thyc hién & cung diéu kién nhiét d6 budng sy
la 80°C, tc do bom nhap liéu 12 12ml/phdt, 4p suat budng sdy la 2,5bar. Sau khi siy
phun thu ché pham bot dam va lay mau xac dinh ham luwong nito tong, ham luwong
chondroitin sulfate, hiéu suat thu hoi san pham. Két qua dugc trinh bay & cac hinh

3.62+3.64.
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Hinh 3.62. Anh hwéng ciia chit mang dén ham lwong nito tong ciia bot dam
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Hinh 3.63. Anh hwéng ciia loai chiat mang dén ham lrong chondroitin sulfate ciia bot

dam
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Hinh 3.64. Anh hwéng ciia chit tre sdy dén hiéu suat thu hoi bot dam
T céc két qua phan tich & c&c hinh 3.62+3.64 cho thay:
122



* \/& ham lwong nito tong sé

Két qua phan tich cho thiy ham luong nito tong cia ché pham bot dam thu dugc
sau say phun thay d6i phu thudc vao loai chat mang st dung nhung mirc @6 chénh léch
khong nhiéu. Do vay, cac thi nghiém tiép theo s& khong dua thong sb nay vao danh gia.
Trong d6, ham luong nito tong sé cuia mau bot dam st dung maltodextrin 1am chat mang
c6 ham luong nito tong cao nhat va dat muc 50.4 + 0.02mg/g bot. Trong khi d6, mau
bot dam sir dung gum arabic va sacharose c6 ham lugng nito tong sb thip hon mét chit,
dat twong tng 12 50.1 + 0.12mg/g bot va 49.6 + 0.11mg/g bot (hinh 3.63). Nhu vay, mau
bot dam st dung sacharose ¢6 ham lugng nito tong s6 thu duoc thap nhat. Su khéc biét
nay co thé giai thich 12 do c6 su khac nhau trong cau tric héa hoc va dic tinh cua cua
cac chat mang. Khi cho chat mang vao dich thaly phan sun c& map, giira chat mang va
cac chat nhu acid amin, khoang, chondroitin sulfate, ... s& hinh thanh céc lién két tao
thanh phitc hop chat mang gan két, bao lay cac acid amin, khoang, chondroitin sulfate,
... giup ching khdng bi bay theo hoi nuéc nén han ché dugc that thoét trong qua trinh
say phun. Két qua nay ciing phtt hop véi nghién ciru cua Renata V. va cong su cong b
nam 2010 khi nghién ctru vé& qué trinh sdy cac chat cd hoat tinh sinh hoc thu nhan tix
thuc vat [78].

Tur cac phan tich ¢ trén cho thay maltodextrin & chat mang, gan két va bdo vé cac
thanh phan c6 trong dich thiy phan sun c& mdp tot nhat nén ham lieong nito téng so cua
bot dam thu dwoc cao nhat. Do vdy, maltodextrin nén duwoc lya chon 1am chat mang
ding cho qué trinh sdy phun tao bér dam chira chondroitin sulfate tir dich thiy phan
sun ca map.

* \/é ham hrong chondroitin sulfate

Két qua phan tich ¢ hinh 3.63 cho thay mau bot dam sir dung maltodextrin 1am
chat mang c6 ham luong chondroitin sulfate (CS) cao hon cac mau khac. Nhu vay, khi
xét theo thir ty giam dan cia ham lwong chondroitin sulfate ¢6 trong bot dam thu duoc
sau say, thi thir tw c4c chat mang c6 hiéu qua thu chondroitin sulfate cao trong say phun
dich dam thay phan sun c& map dugc sip xép nhu sau: maltodextrin, gum arabic va

saccharose.
* /& hiéu suit thu san pham
Két qua phan tich & hinh 3.64 cho thy tuong tu nhu két qua phan tich vé ham
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lwgng chodroitin sulfate va ham lugng nito tong s6, mau st dung maltodextrin 1am chat
mang ciing c¢6 hiéu suit thu hdi san phiam cao nhat va dat 86.41%.

Tvr nhitng phan tich ¢ trén cho thdy maltodextrin la chdt mang tot nhat trong qud
trinh sdy phun tao bt dam thiyy phdn chira chondroitin sulfate tir dich thity phdn sun cd
mdp. Do vdy, maltodextrin dwgc liwa chon la chdat mang cho qud trinh sdy phun thu bt
dam chira chondroitin sulfate tur dich thuy phdn sun ca map.

3.3.2. Xac dinh ti 1¢ chat mang thich hop cho qua trinh siy phun

Tién hanh 3 mau thi nghiém say phun dich thiy phan sun ca map & nhiét d6 budng
say 80°C, &p suat budng say 2,5bar, tbc d6 nhap liéu 12ml/phdt, ty 1é maltodextrin sir
dung khac nhau: 8%, 10%, ..., 14%. Sau khi say phun, ldy mau d4nh gia hiéu suat thu
hoi chondroitin sulfate va bot dam. Két qua duoc trinh bay ¢ hinh 3.65 va 3.66.
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Hinh 3.65. Anh hwéng ciia ti 1é maltodextrin st dung dén hiéu suét thu hdi chondroitin
sulfate

Tir két qua duoc trinh bay ¢ hinh 3.65 va 3.66 cho thay:

* V& higu suat thu hai chondroitin sulfate

Két qua phan tich trinh bay ¢ hinh 3.65 cho thiy & cling mot ché do say, ty 18
maltodextrin st dung c6 anh hudng 16n dén hiéu suat thu hdi choindoitin sulfate (CS)
c6 trong bot dam. Cu thé, khi ty 1é maltodextrin st dung tang tir 8% lén 12%, thi hiéu
suat thu hoéichoindoitin sulphate cua bot dam ting tir 83,12% 1én 86,40%. Nhung khi
tang ty 1& maltodextrin trén 12% thi hiéu suét thu hdi choindoitin sulfate trong bot dam

tang khong dang ké va su chénh léch khong c6 y nghia thong ke.
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Nhur vdy khi xét theo hiéu sudt thu chondroitin sulfate cao trong bgr dam thi ti I¢

maltodextrin su dung thich hop la 12%.
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Hinh 3.66. Anh hwéng cia ti 1é maltodextrin sit dung dén hiéu suét thu héi bot dam

* V& hiéu suat thu hdi bat dam

Két qua phan tich trinh bay ¢ hinh 3.66 cho thay & cing mot ché do sdy, ty 18
maltodextrin bo sung ¢ anh hudong 16n dén hiéu suat thu hdi bot dam. Cu thé, khi ty 1&
maltodextrin b sung ting tir 8% Ién 12%, thi hiéu suét thu hdi bot dam tang tir 77,81%
lén 78,21%. Sau d6 néu tiép tuc tang ty 1é maltodextrin bo sung trén 12%, cu thé 1én
14% va 16% thi hiéu suat thu hdi bot dam ting khong dang ké va su chénh léch vé hiéu
suat khong c6 y nghia thong ké. Tur phan tich ¢ trén cho thdy khi xét theo hiéu sudt thu
hoi bét dam cao thi t7 1¢ maltodextrin bé sung thich hop 1a 12%.

Tur tat ca cac phan tich ¢ trén cho phép chon ty 1¢ maltodextrin bé sung trong

qué trinh s@y phun tao bét dam tir dich thuiy phan sun c& mdp 1a 12%.
3.3.3. Xac dinh nhi¢t @9 khong khi budng say thich hop

Tién hanh 5 mau thi nghiém sy phun dich dam thuy phan tir sun c4 map & ap suat
budng say 2,5bar, toc d6 nhap liéu 12ml/phut, ty 1é chat mang maltodextrin bo sung 1a
12% va nhiét ¢ budng sy thay doi: 70°C, 75°C, 80°C, 85°C va 90°C. Sau khi siy phun
ldy mau danh gia ¢6 am, hiéu suat thu hoi chondroitin sulfate va bot dam. Két qua dugc
trinh bay ¢ hinh 3.67 + 3.609.
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Hinh 3.68. Anh hwéng ciia nhiét d9 budng say dén hiéu suat thu hoi bot dam
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Hinh 3.69. Anh hwéng ciia nhiét d9 budng siy dén do am ciia bt dam
Tir két qua phan tich trinh bay ¢ hinh 3.67 + 3.69 cho thay:

* /& hiéu suit thu hdi chondroitin sulfate
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Két qua phan tich ¢ hinh 3.67 cho thay nhiét do budng sdy c6 anh huong lén dén
hiéu suét thu hdi chondroitin sulfate. Cu thé, khi ting nhiét do budng say trong khoang
70°C + 80°C thi hiéu suat thu hdi chondroitin sulfate ting tir 84,70% Ién 86,24%. Sau
d6 néu tiép tuc tang nhiét d6 budng say lén trén 80°C thi hiéu suat thu hoi chondroitin
sulfate c6 tang nhung khong dang ké va su chénh léch vé hiéu suat thu hdi chondroitin
sulfate cua cac mau bot dam say & nhiét d6 trén 80°C khong c6 y nghia thong ke.

Tur két qua phan tich ¢ trén khi xét theo hiéu sudt thu hoi chondroitin sulfate cao
thi nhiés @ buong say phun 80°C 1a phu hop.

* V@& higu suat thu hoi bot dam

Két qua phan tich ¢ hinh 3.68 ciing cho thay nhiét do budng say c6 anh husng I6n
dén hiéu suat thu hdi bot dam. Cu thé, khi ting nhiét d6 budng say trong khoang 70
+80°C, thi hiéu suat thu hdi bot dam tang trong khoang 77,12% +78,16%. Khi ting nhiét
d6 budng say phun Ién 85°C va 90°C thi hiéu suat thu hdi bot dam ting khong dang ké
va su chénh léch vé hiéu suét thu hdi bot dam khi say phun & nhiét d6 budng say 85°C
va 90°C khong c6 ¥ nghia thong ké.

Tir phan tich & trén cho thdy khi xét hiéu sudt thu hai bét dam cao thi nhiér d@é
buong say phun nén dwoc lira chon 1a 80°C.

*\/& 49 Am caa bt dam

Két qua phén tich d6 4m cua cAc mau bot dam sy phun cho thdy 6 am cua bot
dam giam theo chiéu tang cua nhiét d6 khong khi trong budng sy (hinh 3.69). Cu thé,
khi ting nhiét do budng siy trong khoang 70 +80°C, thi do am cua bot dam giam tir
5,02% khi nhiét d6 budng say phun 1a 70°C xudng chi con 4,26% khi nhiét ¢6 budng
say phun 1a 80°C. Sau d6, néu tiép tuc ting nhiét d6 budng siy trén 80°C thi d6 4m cua
mau bot dam thu dugc khdng giam khi so véi d6 am cia mau bt dam say phun & nhiét
d6 budng say 80°C va do am caa bot dam sdy ¢ nhiét d6 budng siy trén 80°C c6 xu thé
giit n dinh & muc 4,26%. Két qua nay ching té khi sy phun dich dam thay phan tur
sun ca map ¢ nhiét do khdng khi budng sy > 80°C thi luong nudc tu do cé trong dich