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ABSTRACT

The study was carried out to investigate lipid oxidation and protein oxidation
of snakehead fish meat by changing the salt concentration (0, 4, 8, 12, 16, 20%
NaCl, w/v) and pH adjustment (4, 5, 6, 7, 8 and 9) of soaking solution. The
magnitude of oxidative changes was monitored by: (i) lipoxygenase enzyme
activity (LOX), peroxide value (PV) and TBRAS (thiobarbituric acid reactive
substances) value, (ii) protease activity, sulfhydryl index, and (iii) whiteness
index, water holding capacity and drip loss (physicochemical properties). The
results showed that salting process has limited the activity of lipoxygenase and
protease enzymes, while improving the quality of fish meat. Salted fish in 12%
NaCl (w/v) for 3 hours had significantly lower (p < 0.05) lipoxygenase and
protease activity, PV and TBARS value and a higher sulfhydryl value when
compared with control sample (no salt immersion) and salted fishes in lower
salt concentration (4, 8% NaCl, w/v). In addition, lipid oxidation and protein
oxidation of the snakehead fish meat was delayed at neutral pH of salt solution,
which was most effective at pH 8. The quality of snakehead fish meat at this
condition was also improved with whiteness index (WI) of 81.17, water holding
capacity 72.39%, and drip loss 11.78%.

TOM TAT

Nghién ciru duoc thue hién nhdm khdo sdt sy oxy héa lipid va oxy héa protein
ciia co thit cd l6¢ nuéi theo nong do mudi ngam (0, 4, 8, 12, 16, 20% NaCl, w/v)
va pH ciia dich ngam (4, 5, 6, 7, 8 va 9). Cac théng s6 sir dung dé danh gid su
oxy héa ciia co thit cd gom: (i) hoat tinh enzyme lipoxygenase (LOX), chi sé
peroxide (PV), chi $6 TBARS (thlobarblturlc acid reactivesubstances), (ii) hoat
tinh cua enzyme protease, chi so sulfhydryl, (iii) do trang kha nang giit nudc,

dé ri dich (tinh chdt héa 1y). Két qud nghién ciru cho thdy, qud trinh wép mudi
da gitip han ché hoat déng ciia enzyme lipoxygenase va enzyme protease, dong
thoi givip cdi thién chat luong co thit cd. Thit cd l6c ngdm trong dung dich NaCl
12% (w/v) sau 3 gio co su giam thdp hon hoat tinh enzyme (lipoxygenase,

protease), chi so peroxlde va TBARS giam trong khi chi so sulfhydryl tang cao,

khac bi¢t ¢d y nghia thong ké (p < 0,05) khi so sanh v&i mau doi chiing (khong
ngdm mudi) va cd cdc mau ngam & nong dé mudi thap (4, 8%, w/v). Pong thoi,

sw oxy héa lipid va protein ciia co thit ca l6c dwgc han ché khi pH cia dung
dich mudi ¢ khodng trung tinh, dat hiéu qua nhat & pH 8. Chat lwong cua thit
cd loc & diéu kién ngdm mudi nay ciing dwoe cdi thién véi dg trang (WI) la
81,17, kha nang giit nuéc (WHC) la 72,39% va do ri dich 11,78%.

Trich dan: Tran Bach Long, Tran Thanh Trac va Nguyén Vin Mudi, 2019. Anh huéng ciia uép mudi dén sy
oxy hoa lipid va oxy hoa protein trong co thit ca 16¢ (Channa striata) nuéi. Tap chi Khoa hoc
Truong Pai hoc Can Tho. 55(S0 chuyén dé: Cong ngh¢ Sinh hoc)(2): 301-310.
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1 GIOI THIEU

C4 1a ngudn cung cip cac chét dinh dudng cn
thiét va co ich dbi véi stre khoe con ngudi, nhd vao
su hién dién cua ham lugng protein cao, nhiéu acid
béo khong no trong thanh phan lipid (Hu et al.,
2002). Tuy nhién, ham lugng protein va lipid cao 1a
nguyén nhan thic day nhanh sy won hong, sinh doc
chat tir ca ngay sau khi chét, kéo theo cic bién dbi
hoa 1y 1a nguyén nhan chinh lam giam cht lugng
nguyén liéu (Eyo, 2001). Thit c4 dé bi oxy hoa do
ham lugng acid béo khong bao hoa cao (Sullivan
and Budge, 2012) va dé bi hu hong do qua trinh thay
phan cua enzyme va sy phat trién cua vi sinh vat
(Ugak et al., 2011). Sau khi chét, chét béo trong ca
bién dbi, phan giai lipid va qua trinh tu oxy héa
(Hardy, 1980). M& ca c6 chira mét ty 1€ cao cac acid
béo khong bao hoa ludn phan ting véi oxy trong khi
quyén. Cac san pham cudi cing la aldehyde va
ceton, dan dén ca bi 6i manh (Huss, 1994). Qua trinh
oxy hoa lipid va protein trong ché bién c4 can duge
dic biét quan tam, do qua trinh nay lam mét chat
dinh dudng va tao mui khé chiu. Nhiéu yéu t6 anh
huong dén chét luong ciia san pham nhu: nguyén
lidu, loai, chat lwong, phuong phap tién xu ly
(Beraquet et al., 1983). Trong do, udp mudi 1a
phwong phap phd bién gitp bao quan san pham ca,
tranh sy won hong va cac bién dbi khong mong
mudn xay ra sau khi ca chét (Barat ez al., 2002). Vi
vdy, viéc nghién ctru anh huong cua qué trinh u6p
mubi dén su oxy hoa lipid va oxy hoa protein trong
co thit ca loc (Channa striata) nudi sau khi giét mo
1a van d& cap thiét, tao mot bude tién quan trong
trong viéc nghién ctru cac bién phap han ché su oxy
hoa lipid va protein trén san pham cé ldc.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén li¢u

Ca 16c (Channa striata) dugce thu mua tir vung
nudi thuc huyén Tra Cu, tinh Tra Vinh. Khéi luong
dao dong trong khoang tir 500+800 g. Yéu cau ca
16¢ phai con song, khoe manh, khong co khuyét tat,
khong nhiém bénh hay ky sinh trang. Ca 16c sau khi
mua duoc giir song trong thung nhwa c6 chira nudc,
thoi gian van chuyen v¢€ phong thi nghiém (Bd mon
Cong nghé Thuc phim, Khoa Nong nghiép, Trudng
Dai hoc Can Tho) tdi da trong 3 gio. Dén phong thi
nghiém, ca dugc giit on dinh trong bé nudc it nhit 1
gid trude khi lam ngat, cat tiét va xa mau trong nude
(thoi gian xa mau 10 phit dé dam bao tach loai mau
hoan toan). Cé sau khi cat tiét dugc chuyén sang
danh vay, bo mang, nap mang va ndi tang.

2.2 Phuwong phap nghién ciru

2.2.1 Phwong phap phan tich

— Hoat tinh enzyme lipoxygenase (nmol
MDA/mg protein): Xac dinh theo phuong phap ctua
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Harris and Tall (1994) su dung co chat 1a acid
linolenic, bao gom 2 budc:

+ Chudn bj (trich ly) enzyme lipoxygenase: Cho
8 g co thit c4 loc dd dwoc nghién min vao binh tam
gi4c, bd sung 200 mL dém phosphate (10 mM, pH
6,6), u ¢ nhiét do phong (30+2°C) trong thaoi gian 20
phat, st dung thiét bi khudy tir (Sibata Magnestir
MG-10, Nhat) dé tang hiéu qua trich ly enzyme.
Tiép theo, hon hop dugc ly tim (Ronata 46 R,
Herlme Z323K, Duc) véi tée d6 9.000 vong/phut
trong thoi gian 15 phut ¢ nhiét do 4°C. Phan dich
chiét phia trén (loai bo két tua) dugc chuyén sang
loc chan khong, st dung mang loc Cellulose
Acetate, 16 loc 0,2 um, dudng kinh 47 mm (Satorius,
Drtic) dé loai bo chat béo, thu dich chiét co chira
lipoxygenase tho, st dung dé xac dinh hoat tinh
enzyme (khong tién hanh tinh sach tiép theo).

Xac dinh hoat tinh: Chuan bi hdn hop phan tmg
bao gdm 2 mL dich chiét chira enzyme va 3 mL hdn
hop co chit phan tmg (gdm 25 mg acid linolenic va
FeCl; 0,015 M hoa tan trong 3 mL dung dich dém
phosphate 10 mM, pH 7). Miu tring 12 2 mL dich
chiét va 3 mL dém phosphate 10 mM (pH 7). Hoat
tinh enzyme lipoxygenase dugc xac dinh dua trén
ham lugng malondialdehyde (MDA) sinh ra sau 24
gio sau 4. Hon hop sau 24 gid phan ung dugc loc
(str dung gidy loc Whatman va duogc tron v6i dung
dich (acid 2-thiobarbituric) TBA 0,02 M theo ty 1¢
thé tich bang nhau dé dat thé tich tong cong 1a 6 ml
trong mot dng nghiém 10 ml va giit & nhiét d6 s6i
trong 40 phut. Sau d6 lam ngudi dudi voi nude chay
dén nhiét d6 phong trudc khi di xac dinh d6 hap thu
quang hoc ¢ budc song 532 nm.

— Hoat tinh enzyme protease (U/mg protein):
Hon hop 10 g co thit ca 16c trich ly 40 mL dém
phosphate (pH 7,8) duogc trich ly trong thoi gian 40
phut sau do ly tdm trong 15 pht tai 9.000 vong/phut
& 4°C (Tran Thanh Trac va ctv., 2014). Hoat tinh
cua enzyme protease dugc xac dinh theo phuong
phap Anson (1938) cai tién, thong qua lugng
tyrosine tao thanh tir phan tng thiy phén casein 1%
trong thoi gian 30 phut ¢ nhiét d§ phong (28+2°C).
Ngtng phan tng str dung 5 mL trichloroacetic acid
(TCA). Xac dinh lugng tyrosine tao thanh dua trén
phan Gng tao mau vai folin, st dung 1 ml dich Igc,
2 mL NaOH 0,5 N, 0,6 mL folin, thoi gian phan
ng10 phit va do mirc d6 hip thu ¢ budc séng 660
nm (Pang Thi Thu va ctv., 2004).

—  Chi sb peroxide (mEq/kg lipid): can 10 g
mau cho vao binh tam giac 250 mL. Cho thém vao
mdi binh 30 mL hdn hop dung dich acid acetic-
cloroform (ty 1€ 2: 1) va 1 mL dung dich potassium
iodide (KI). Pay nut, lic déu hon hop trong 1 phut.
Tiép theo cho thém 30 mL nudc cat vao mdi binh va
chuan d6 bang dung dich Na,S,0; 0,01 N cho dén
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khi dung dich mat mau vang. Sau dé cho 5 mL chi
thi hd tinh bdt vao mdi binh va chudn dd iod tao
thanh bang dung dich Na,$,03 0,01 N cho dén khi
mit mau xanh. Chi s§ peroxide dwoc tinh dua trén
tong thé tich Na,S,0s, don vi mEq/kg lipid (Michael
va Oscar, 2003).

— Chi s6 sulfhydryl (-SH) (umol/g protein):
Ddng hoa 0,5 g c4 trong 10 mL dém Tris-HCI 0,05
M (pH 8) str dung may ddng hoa. Hoa tan 1 mL dich
ddng hoa véi 9 mL dung dich dém Ellman (pH 8)
(chira 0,6 M NaCl, 6 mM
ethylenediaminetetraacetic acid 8 M Ure, 2%
sodium dodecyl sulfate).
Hdn hop vortex ky va ly tam (1.400 ) g, 15 phut, 5°C)
dé loai bo phan can. Chuan bi mau, cho vao 6ng
nghiém thuy tinh 3 mL dung dich sau ly tam va 40
pL 5,5'-Dithiobis (2-nitrobenzoic acid) (DTNB)
0,01 M da dugc pha trong natri acetate 0,05 M.
Chuén bi miu tring bang cach cho vao éng nghiém
thuy tinh 3 mL hdn hop dung dich dém ellman va
tris-HCI (9:1) va 40 pL dung dich DTNB 0,01 M.
Tét ca cac mau duge vortex ki va u & 40°C trong 15
phat. Do d6 hap thu ¢ 412 nm dé xac dinh ham
lwong nhém sulfhydryl tu do. Str dung hé s6 hap thu
phan tir 13.600 M-lcm-1 dé xac dinh ham lugng
nhom sulthydryl tw do (Ellman, 1959).

— Chi s6 thiobarbituric acid reactive substances
(TBARS) (mg MDA/Kg): Cac chit phan ung véi
TBA duoc xac dinh theo phuong phap cia Lemon
(1975) véi mot sy hidu chinh nhd Nguyén Xuan Duy
va Nguyén Anh Tuén (2013). Can khoang 5 g thit c4
da duoc xay nhuyén tron voi 10 ml dung dich chiét
TCA 7,5% va tién hanh chiét trong thoi gian 15
phut, sau d6 loc qua gidy loc s6 1. Phan dich loc thu
duogc tron voi dung dich TBA 0,02 M theo ty 1¢ thé
tich bang nhau dé dat thé tich tong cong 1 6 ml trong
mot 6ng nghiém 10 ml va giit & nhiét do soi trong
40 phat. Sau d6 1am ngudi dudi voi nude chay dén
nhiét do phong truée khi di xac dinh do hip thu
quang hoc ¢ budc song 532 nm.

— Kha nang gilt nudc (%): St dung phuong
phép xéc dinh ctia Grau and Hamm (1957) (trich dan
cua Honikel and Hamm, 1994). Can khoang 0,3+0,4
g mau, dat gitta gidy parafilm va gidy loc dd duoc
xac dinh kha nang hip thu nudc. Sau d6, mau duogc
dit gitra 2 tAm kinh c6 kich thudc 200 x 200 x 7 mm
va dugc nén bang qua can c6 trong lugng 1 kg trong
thot gian 10 phat. St dyng but chi danh dau duong
bién ciia mau va vét nudc loang ra trén bé mat gidy
loc. Dién tich ctia mau bi ép (a, cm?) va vét nudc
loang ra trén gidy loc (b, cm?) dugc xac dinh bang
thudc planemeter. Kha ning giit nuéc ciia mau duoc
xac dinh theo cong thuc:

WHC (%) = Luong nudc tu do c6 trong mau —
lugng nudce bi tach ra khdi mau
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Véi: Luong nudc bi tach ra

_(b-a)x0,0064 |00
m

Trong d6: 0,0064: Luong nude co6 trong 1 cm?
cua giay loc = 0,0064 g nudc (g/cm?)

Luong nuéc tu do trong mau (d6 am, %) duoc
xac dinh theo phuong phap MNKL (Nordic
Committee on Food Analysis) No.23.3 Ed.,1991
(AOAC 934.06).

— Do ri dich (%): Can khoang 10 g mau (a, g)
cho vao bao bi PA, dong goi chan khong trudce khi
cho vao ndi hap ¢ nhiét d6 95+100°C trong thoi gian
30 phat, 1am ngudi nhanh. M bao bi, tach iy mau
thit c4 sau khi hap va can lai khéi lugng tinh (b, g).
Ty 1€ dich ri (%) cua thit ca sau khi lam chin = (a -
b) x 100/a

—  Mau sdc: Sir dung may do mau Colorimeter
2nh (Trung Qudc). Tién hanh do mau véi cac gié tri
ghi nhan L* (biéu thi mau tir den dén tring), a* (c6
gié tri tir -a dén +a biéu thi mau tir mau xanh 14 cy
dén mau do) va b* (c6 gia tri tir -b dén +b biéu thi
mau tir mau xanh da troi dén mau vang) tir d6 tinh
ra do 1éch mau AE (d6 1éch mau) va do tréng co thit
cd (Whiteness index): WI =L* - 3b*.

— Xac dinh ham lugng mudi NaCl trong co thit
ca (%): Can 10 g co thit ca 16c, xay nho, cho thém
60 mL nuéc nong liac khoang 1 gio. Sau khi da
chuén bi miu thir, cho vao binh dinh mirc véi nude
cit gan di 100 mL. Kiém tra lai xem dung dich c¢6
trung tinh hay khong, néu khong thi phai trung hoa.
Klem tra lai xem dung dich ¢4 trung tinh hay khong,
néu khong thi phai trung hoa va cho nudc cit vao
vira i 100 mL. Thém 10 mL cho vao binh tam giac
voi 3 giot KoCrOs, chuén do tir tir béng dung dich
AgNOs 0,1 N cho dén khi xuét hién mau do gach
bén vitng (phwong phap Mohr, TCVN 4330:1986).

Ham Iluong protein hoa tan (mg/mL): Ham
luong protein duoc xac dinh véi thude thir
Coomassie Brillant Blue (CBB) G 250 theo
Bradford (1976). CBB G 250 két hop v&i protein
trong diéu kién acid tao nén mot phirc mau tim hap
thu anh sang ¢ budc song 595 nm. Do hép thu ty 1&
thudn véi ham lugng protein trong dung dich. Chuén
bi miu phan tich gom 1 mL dich chiét enzyme va 5
mL thude thir Bradford. Lic déu va dé yén 20 phat,
dem do mat d6 quang & bude song 595 nm. Xac dinh
ham lugng protein hoa tan duya trén duong chuén sir
dung protein huyét thanh bo (bovine serum protein).

2.2.2  Phwong phdp thu nhdn va xir 1y s6 liéu

Cac thi nghiém duoc bé tri hoan toan ngiu nhién
V(")’i ba lf%n 1§1p lai. S@ liéu dugc thu thap va xu ly
bang phan mém thong ké Statgraphics Centurion
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16.1 va phan mém Microsoft Excel 2016. Phan tich
phuong sai ANOVA va kiém dinh LSD, Duncan dé
ket luan vé su sai khac giita trung binh cac nghiém
thuec.

2.2.3 BO tri thi nghiém

Thi nghiém 1: Anh huéng cia ndng d9 dung
dich mudi NaCl dén sy oxy hoa llpld va protein
ciia co thit ¢4 16¢ nudi sau khi giét mo

Nguyén liéu ca 16c sau khi lam sach, dugc xac
dinh khdi lugng va cho vao dung dich nude mudi
NaCl & cac ndng d6 da pha sin, ty 16 c4 va dich ngam
1a 1:1 (w/v), dam bao ca ngap trong nude mudi. Thoi
gian ngam mubi dugc xac dinh cho den giai doan
can bang (khi khong c6 su thay doi nong do mudi
trong co thit ca). Ca sau khi ngdm mudi duoc vét
réo, rira nhanh bang nudc sach dé loai bo phan mudi
trén bé mit ca. Tién hanh phan tich va do dac cac
chi tiéu thé hién su oxy hoa ciia co thit ca va su bién
dbi chét lugng.

Thi nghiém 2: Tac dong pH cia dung dich
muoi NaCl den su oxy héa co thijt ca loc nudi
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Nguyén li€u ca 16c sau khi lam sach, xéc dinh
khéi luvgng duge tién hanh ngdm mubi, voi ché do
ngam dugc c6 dinh nhu thi nghiém 1. Tuy nhién, pH
dung dich mubi ngdm dugc diéu chinh bang dung
dich acid acetic va sodium tripolyphosphate
(Capaccioni et al., 2011) dén cac giatri4,5,6,7,8,
9. Ca sau ngam dugc vét réo, rira nhanh bang nude
sach dé loai bo ph@m mudi bé mat ca sau do phan
tich danh gia két qua.

3 KET QUA VA THAO LUAN

3.1 Anh huéng ciia nong d9 dung dich mudi
NaCl ngam dén sy oxy héa lipid va protein ciia
co thit ca 16¢ sau khi giét md

3.1.1 Xdc dinh thoi gian ngdam mudi NaCl
thich hop

Qua trinh wép mudi 13 sy tham thdu mudi NaCl
tir dich ngam c6 ndng d6 mudi cao hon vao nguyén
liéu va kém theo su khuéch tan 4m ra ngoai moi
truong. Do d6, qua trinh udp mudi dugce dimg lai khi
nf)ng d6 chat tan trong nguyén liéu va moi truong
bang nhau (Pérarinsdottir, 2010) va co6 thé duoc
danh gia dya trén d6 am cua co thit ca va ham luong
mudi ngdm vao (Hinh 1).

0% 4% 826
e —k—16% 20%

B b

HHEA FA

0 Gy 90 120 130 130G 210

Thwi gian {phat)

240

Hinh 1: Sy thay doi d9 am co thit (A) va ham lugng mudi NaCl trong co thit (B)
theo nong do dung dich mudi ngadm va thoi gian ngam

Két qua Hinh 1 cho thdy, khi ngam c4 trong dung
dich mudi NaCl 4%, d6 4m ctia co thit c6 xu huéng
tang theo thoi gian so v6i miu ddi chimg, nguyén
nhan nay 1a do ¢ ndng d6 mudi < 1M (5,43% w/w)
s& kich thich céc soi co lién két véi nude, bén canh
d6 mudi di vao dich bao nhiéu hon lugng nude di ra
tao modi trudng p suat thim thau cao 16i kéo nudc
tr& lai bén trong dich bao cua té bao (Hamm, 1981).
Khi ting ndng d6 mudi thi d6 4m trong nguyén lidu
giam xubng dang ké, day 1a do tac dung khir nudc
ciia mudi (Trén Thanh Trac va ctv., 2014). Nhin
chung & tat ca cac mau, sau 3 gio ngam (180 phut),
murc do giam am rat cham, sy gia tang nong d§ muoi
trong san pham khong dang ké. Diéu nay cho phép
sir dung thoi gian ngam c4 trong 3 gid 1am nhan t6
¢b dinh cho nghién ctru.

3.1.2 Anh hudng cia nong dé dung dich mudi
NaCl dén sy oxy hoa lipid va oxy hda protein co
thit ca

Lipid ca chtra nhidu acid béo chua bio hoa nén
rat d& bi oxy héa trong qua trinh ché bién va bao
quan (Rao and Bandyopadhyay, 1983). Qua trinh
oxy hoa lipid sé€ kéo theo su oxy hoa protein cua co
thit ¢4 16¢. Su oxy hda lipid co thit ca dugc thé hién
qua hoat tinh enzyme lipoxygenase, chi s6 peroxide
va TBARS (Thiobarbituric Acid Reactive
Substances), trong khi d6 sy oxy hoa protein thé
hién qua hoat tinh enzyme protease va nhom -SH
dugc trinh bay ¢ Bang 1. Két qua cho thdy uép mu01
tac dong dén hoat tinh cta enzyme, ham luong mudi
trong co thit ting lam giam hoat dong clia enzyme
lipoxygenase va protease, khi ting nong do dung
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dich mudi ngam, hoat tinh ciia enzyme giam dang
ké. Hoat tinh cta lipoxygenase khi ngdm & ndng do
mubi 0% 13 cao nhat 379,02 (nmol MDA/ mg
protein), va giam dan theo hudng tinh tién ti 18
nghich véi su gia tang nong d6 muoi. Hoat tinh cua
enzyme lipoxygenase ¢ nong do mubi 20% 1a thap
nhit 203,93 (nmol MDA/ mg protein), nhung khong
c6 su khac biét v6i hoat tinh lipoxygenase ciia mau
dugc ngdm mudi ¢ nong do 12% 1a 211,05 (nmol
MDA/mg protein), va 16% la 205,61 (nmol MDA/
mg protein). Stodolnik (2001) cung da khang dinh
vai trd ciia mudi Na* va CI', muéi c6 anh huéng
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dén hoat tinh cta enzyme lipoxygenase ciia mo co
thit. Két qua cho thiy NaCl trc ché lipoxygenase
trong tt ca cac ndng do, hoat tinh ctia enzyme giam
khoang 15+35% va 35+65%, twong ing véi ndng do
NaCl Ia 1-10% va 11+20%. Mit khac, NaCl & nong
dd 26,4% (dung dich bdo hoa) lam giam hoat tinh
cua enzyme trén 70%. Theo Osinchak et al. (1992)
NaCl dudi néng d6 43,0 mM kich thich hé enzyme
clia md co ca thu. Nhiing thay doi trong cu triic
phan tir cua lipid ¢6 thé tao diéu kién cho hoat dong
cua enzyme lipoxygenase (Osinchak ef al., 1992).

Bang 1: Anh hwéng ciia nong d9 dung dich NaCl dén sw oxy héa lipid va protein trén co thit c l6c

Nong (jl(‘) Lipoxygenase Peroxide TBARs Protease Sulfhydryl
dungdich  (nmolMAD/" b o linid) (mg MDA/Kg) (U/mg protein) (umol/g
NaCl (%) mg protein) 9k fip 8 g gp protein)

0 379,024+6,2 0,024°+0,004 3,30°+0,21 0,285°+0,017 10,91°+£0,44

4 328,79°t4,8 0,019%+0,003 3,079+0,19 0,247%+0,014 11,27%+0,38

8 285,04%+4,3 0,0162+0,004 2,24°+0,47 0,2212+0,011 13,712+£0,42

12 211,05%+5,5 0,0132+0,003 1,52+0,11 0,209%+0,007 13,792+0,32

16 205,61°+4,7 0,0172+0,002 1,29%+0,15 0,205%+0,010 13,833+0,32

20 203,932+5,8 0,0182+0,002 2,67°+0,12 0,200°+0,012 11,91%+0,31
Ban diu 382,16+4,2 0,005+0,002 1,15+0,04 0,299+0,015 15,05+0,27

Cdc chit cdi giong nhau trong cing mot cgt biéu thi khéng khdc biét ¢é y nghia ciia cde nghiém thire khdo sdt ¢ mire dé

tin c@y 95%

Mat khéc két qua tir Bang 1 ciing cho thiy hoat
tinh enzyme protease giam theo hudng ti 16 nghich
VvGi sy gia tang cua nong do mubi. Hoat tinh enzyme
protease clia mau ban dau khoéng ngdm mudi la
0,299+0,02 (U/mg protein). Hoat tinh cua enzyme
protease giam manh khi ngdm & cic ndng do muoi
cao hon. Cuy thé khi ngam ca trong dung dich mudi
NaCl ¢ nong d6 4%, 8% va 12%, hoat tinh protease
lan luot 1a 0,247; 0,221 va 0,209 (U/mg protein), va
tiép tuc giam tir ndng d6 mudi 16% dén 20%, tuy
nhién hoat tinh giam khong dang ké. Két qua ciing
phu hop véi nghién ctru cia Muyan et al. (2006) cho
thdy hoat tinh protease trong cac phan da day va rudt
duogc ting cudng & mot nong do6 mudi NaCl thép,
nhung bi trc ché néu ndng d6 NaCl cao hon 1 mol/L.
Tuy nhién, hoat tinh protease bi (rc ché boi NaCl &
céc nong d6 mudi khac nhau.

Qua trinh oxy héa lipid va protein s& lu6n dién
ra sau khi ca giét mo, tuy nhién viéc han ché Su OXy
hoéa ciing dugc cho thay ‘qua viéc ngdm mubi. Qua
trinh oxy héa lipid dan dén hinh thanh cac san pham
nhu peroxide va TBARS, tuy nhién viéc ngdm muoi
& nong do thich hop gitp cho qua trinh oxy hoa dién
ra cham hon. Két qua cho thay chi sb peroxide thip
nhat 0,013 (mEq/kg lipid) khi ngdm c& ¢ nong do
mubi 12%. Trong khi d6 str dung ndng d6 mubi thap
(4% va 8%) hay nong do mudi cao (16% va 20%),
co thit ca loc ¢6 gia tri peroxide cao hon. DPbi véi
mau ngdm & ndng d6 mudi cao, nguyén nhan cua

qua trinh oxy hoa lipid c6 thé 1a do anh hudng pro-
oxidant (pro-oxidant 1a chat gdy ra stress oxy hoa,
c6 thé 1a chat chéng oxy hoa hodc chat oxy héa do
tac dong cua ndng d0) cua mudi NaCl (Rao and
Bandyopadhyay, 1983). D6i v6i mau ngam & ndng
d6 mubi thap, qua trinh oxy hoa lipid it bj anh huong
boi tac dong ciia NaCl, nhung c6 thé do thoi gian
tiép xtic v6i anh sang va khong khi qué 1au nén gia
tri peroxide tang cao. Ngoai ra, chi s6 TBARS giam
khi nong d6 mudi ting. Cu thé, ca l6c sau khi giét
mé sau 3 gio khong ngdm mubi chi sé TBARS la
3,30+0,21 (mg MDA/Kg), khi ting nong d6 mudi
l1én 12%, chi s TBARS chi c¢6 1,52+0,11 (mg
MDA/Kg) tuy nhién khi ngdm nong d6 NaCl 20%,
chi s6 TBARS lai ting hon so v&i ngdm & trong
dung dich NaCl 16%.

Nhém sulfhydryl (-SH) dugc xem 1la mot gia tri
danh gia sy oxy hoa protein, cu thé 1a sy oxy hoa
cysteine. Su oxy hoa cysteine gay ra va hinh thanh
cau ndi disufide, do d6 nhém sulfhydryl cao thé
hién sy oxy hoa thép vanguoc lai (Laraetal., 2011).
Sy oxy hoa protein dan dén giam cédc nhom
sunfydryl va hinh thanh disulfide (Batifoulier et al.,
2002). Két qua cho thay, gia tri sulfhydryl cua san
phim giam nhiéu nhit khi khong ngam mudi, va
ham lugng sulfhydryl thu duoc ting dan khi ndng
d6 dung dich mudi ngam ting tir 4% dén 12% va sau
d6 khong co su khac biét & nong d6 16%. Tuy nhién,
khi ngam ¢ ndng d6 20% thi ham luong protein lai
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giam hon so v&i cac mau duoc ngdm & cac nong do
mudi khac, chi cao hon so v&i mau khong ngam
mudi. O ndng 6 mudi NaCl thap, gia tri nhom -SH
ctia san pham thu duoc thip. Didu nay co thé giai
thich rang sy bién d6i cac nhom -SH phu hop véi su
bién d6i d6 bén déo va n6 dic trung cho sy chéc lai
clia cAu trac md thit ca c6 lién quan dén sy bién tinh
protein. Do giam lugng cac chat c6 trong trang thai
long va do lam chéc lai mang ludi ciu truc, thit ca
tré nén ctng va chic hon. Theo muc d¢ ting ham
luong mudi trong ca va do bén cua thit ciing ting
theo. Trong nghién ctru anh huéng cua ndng do
mudi dén sy thay ddi protein cua ca tuyét (Gadus
morhua) Nguyen et al. (2011) cling da khang dinh
ndng d6 mubi ngdm gia ting lam thic ddy su bién
tinh va két tiia protein, lam giam ham lugng nhom -
SH trong san pham.
3.1.3 Anh heong ciia nong do dung dich mudi

NaCl dén dic tinh chat lwong co thit ca loc

Chét luong co thit ca 16¢c ¢6 thé duoc duy tri boi
viée bd sung mudi. Nhidu nghién ctru dd ghi nhan
nhitng anh hudng tich cuc ciia mudi dén chat luong
co thit ca. Viéc mudi ca co thé cai thién kha ning
gilt nudc cua thit ca (Esaiassen et al., 2004, 2005).
Mot s6 nghién ciru da chi ra rang mudi ¢6 thé lam
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giam sy hu hong va mét khdi luong ctia san pham
trong thoi gian ton trir va ting hiu sudt san phim
(Barat et al., 2002; Esaiassen et al., 2008; Larsen et
al., 2008). Tuy nhién, mudi ca cling dan dén su mét
mat ctia cic thanh phan hoa tan trong co thit ¢4, nhu
cac acid amin tu do, vitamin va cac protein (Larsen
et al., 2007), dic biét khi co su thay doi pH va udp
v6i nong d6 mudi qua cao (Martinez-Alvarez and
Gomez-Guillén, 2005). Nhiéu nghién ctru khac cling
dé chimg minh rang néng d6 mu6i trong dbi co tac
dong tich cuc hon trong viée duy tri chat luong san
pham cu01 (Larsen et al., 2008). Mu01 ca voi nong
d6 mudi NaCl thap c6 the phat huy t6t hon ning suét
va kha ning giit nudc cia thit ca so v6i ndng do
mudi bio hoa (Barat et al., 2002). Su oxy hoa lipid
va protein anh huéng dén chét lugng cam quan cia
co thit ca l6c. Viéc ngam mudi han ché sy oxy hoa
lipid va oxy hoa protein, 1am thay ddi chét lugng cua
co thit cling dugc thé hién qua kha ning gitr nudc,
do ri dich va do trang & Bang 2. Két qua cho thay
nong d6 mudi NaCl c6 anh huong dang ké dén mau
sac cua co thit ca. b6 trang cua co thit gia tang theo
ham luong mubi trong dung dich ngam. Gia tri nay
dat cao nhat khi ngdm mudi ¢ néng do tir 16 dén
20%, tuy nhién mau ngdm mudi 12% va 16% c6 do
sang khong khac biét ¥ nghia thong ké.

Bang 2: Anh hudng ciia ndng d9 dung dich mudi NaCl dén tinh chét héa 1y co thit ca l6c

Nong dd dung

dich NaCl (%) Do tring (WI)  Kha ning giir nuwée (%) pH Do ridich (%)
0 72,609+0,58 69,929+0,34  6,37%+0,11 13,01°+0,23

4 75,07°+0,32 70,05%+£0,36  6,41%+0,12 12,10°+0,24

8 76,53+0,60 70,724£0,80  6,42%+0,07 11,94°+0,22

12 80,24°+0,77 71,38%+0,99  6,45%0,05 11,83%+0,18

16 81,57°+1,20 72,38%+0,84  6,47+0,08 11,80°+0,15

20 81,74°+0,75 73,05*+0,36  6,49°+0,07 11,822+0,11

Ban déu 71,46%¢1,35 71,01°4£0,74  6,78°+0,09 12,46+0,26

Cdc chit cdi giong nhau trong ciing mot cot biéu thi khong khdc biét ¢6 y nghia ciia cde nghiém thire khao st 6 mire dé

tin cqy 95%

Bang 2 cho thiy nong do mudi NaCl co anh
hudng dang ké dén mau sic cua co thit c4. Sau qua
trinh ngam, do tréng (WI) cia tit ca cac mau déu
tang so voi ban dau (71,46). Heme protein lién quan
dén mau do twoi cua co thit ca bao gom
oxymyoglobin va oxyhemoglobin, nhiing thanh
phan niay d& dang bi oxy hoa tao thanh
metmyoglobin va methemoglobin hinh thanh mau
ndu lam giam d6 sang cua ca (Bremner, 2002). Két
qua & Bang 2 nhan thdy, d6 tring (WI) c6 su khac
biét dang ké khi ngam c4 véi dung dich NaCl ¢ cac
ndng d6 khac nhau. Gia tri do trang (WI) tang dan
theo ndng d6 mudi ngam va khi ngdm c4 & ndng do
12% cho gia tri d§ sang 1a 80,24. Khi ngdm ca ¢
ndng d6 mudi 8%, do tring 76,53 cb gia tri 1a 75,07

khi ngam 4%. Nguyén nhan c6 thé 1a do nong do
mubi thip, cic heme protein con lai nhiéu.

Béng 2 ciing trinh bay sy thay d6i kha nang giir
nude, pH va do ri dich cia co thit ca 16c theo néng
d6 mudi ngam. Nhin chung, sy gia ting nong do
mudi ngdm din dén sy gia ting gia tri kha nang gitr
nudc, su suy giam gia tri pH va do ri dich cta co
thit. Ttr ndng d6 mudi NaCl 12% cua dich ngam, su
gia tang cac chi tiéu do dac khong khac biét y nghia
thong ké. Tac dong ciia NaCl & ndng d6 khac nhau
gia tang kha nang gilt nudc cua protein sgi co (& mot
ndng d6 NaCl t&i han) di duoc rat nhiéu nghién ctru
khing dinh (Hamm, 1960). Mudi c6 tac dung kich
thich cac nhom chiic cua céac acid amin trong mach
polypeptit cua protein ca lién két nhau hinh hanh dic
tinh gel bén chic cho san pham thit ca (Smith,
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1998). Nhin chung, khi kha nang lién két ctia thanh
phan protein voi nuée ting, d6 ri dich giam xudng.
Do ri dich thip danh gia chit luong tuoi ngon va
dam bao hiéu suét thu hdi cia san phdm. Dya vao
két qua nghién ctru cho thdy rang khi ngdm ca loc
trong dung dich mudi NaCl 12% giup han ché su
oxy hoa lipid va oxy hoa protein, ddng thoi cai thién
ddc tinh chat Iugng co thit ca 16¢c. Chinh vi vay
nghién ctru st dung dung dich mudi NaCl 12% dé
mubi ca 16c trong cac nghién ctru, thi nghiém tiép
theo.

3.2 Anh huéng ciia viéc diéu chinh pH
dung dich muéi NaCl dén hoat tinh enzyme va
qua trinh oxy héa co thit ci 16¢ sau khi giét md

3.2.1 Tdc déng pH ciia dung dich NaCl dén su
oxy hoa lipid va oxy hoéa protein trong co thit ca
loc

Gia tri pH 1a yéu t6 anh huong dén sy oxy hoa
lipid mo co thit ca. Gia tri pH dudi trung binh 1a dac
trung ctia hé théng co thit ca sau khi ca chét. Sy ting
toc clia qua trinh oxy hoéa lipid bang cach giam do
pH c6 thé 14 do sy tu oxy héa hemoglobin dugc ting
cuong (Tsuruga et al., 1998). Sy tu oxy hoda
hemoglobin 1a nguyén nhan gay ra viéc sinh ra cac
gbc tir do va methemoglobin tir sit oxyhemoglobin
(Fridovich and Mirsa, 1972). Chinh vi vy, nghién
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ctru ngam ca trong dung dich mubi NaCl 12% c6 pH
lan luot 13 4, 5, 6, 7, 8 va 9. Su oxy hoa lipid va
protein cua co thit ca 16c sau khi ngdm trong pH cua
dung dich mudi dugc trinh bay & Bang 3.

Két qua Bang 3 cho thdy khi pH cua dung dich
mudi thip din dén hoat tinh enzyme lipoxygenase
tang dang ké, trong khi d6 khi pH tang lén hoat tinh
lai giam, cu thé khi pH 4 hoat tinh 14 233,7 (nmol
MAD/mg protein) giam xuéng con 200,3 (nmol
MAD/mg protein). Trong khi d6 hoat tinh enzyme
protease tang 1én khi ting pH cta dung dich mubi
thip tir 0,198. Su thay d6i pH cua dung dich mubi
dan dén thay dbi pH cua co thit ca tir d6 sy hinh
thanh cac san pham cua sy oxy hoa lipid va protein
cling c6 khéc biét. Két qua ciing cho thdy rang chi
sO peroxide thay doi dang ké do thay doi pH cia
dung dich mudi NaCl. Chi sé peroxide cao nhat khi
ngam o pH 4 14 0,019 (mEq/kg lipid), va thip nhét
khi ngdm & pH dung dich 8 14 0,012 (mEq/kg lipid).
Tuy nhién chi sé peroxide lai khong c6 su khac biét
khi ngdm & cac dung dich ¢6 pH trung tinh. Piéu
nay c6 thé giai thich rang do hé dém trong co thit ca
diéu chinh pH cua co thit ¢4, dan dén pH cua co thit
khong c6 su khéac biét ¥ nghia théng ké.

Biang 3: Anh huéng pH ciia dung dich NaCl dén sy oxy héa lipid va protein ciia co thit ca l6c

Lipoxygenase

[{H dung (nmol MAD/ Perolxi'de TBARS Protez.lse Sulfhydf‘yl
dich NaCl mg protein) (mEq/kg lipid) (mg MDA/Kg) (U/mg protein) (umol/g protein)
4 233,7%+6,5 0,019°+£0,002 2,23°+0,15 0,198°+0,017 10,91¢+0,44

5 237,4°+4,7 0,018"+0,003 1,914£0,08 0,2032+0,013 11,27°+£0,38

6 224,845 3 0,016%+0,004 1,78%+0,14 0,204*+0,015 12,71%+0,42

7 215,2°£5,6 0,014%+0,002 1,53%+0,11 0,207*+0,014 13,77*+0,32

8 205,4%0+4,7 0,012°+0,002 1,49+0,11 0,215%+£0,013 13,83%+0,27

9 200,3°+£5,8 0,018%+0,003 1,85¢+0,27 0,2232+£0,015 13,55°+0,31

bC (7,6) 211,05%+55 0,0132+0,003 1,52%+0,11 0,2092+0,007 13,792+0,32

Cdc chit cdi giong nhau trong ciing mot cot biéu thi sw khéng khdc biét ¢6 y nghia ciia cde nghiém thire khdo sdt ¢ mirc

s tin cdy 95%; PC: Doi chitng

Ngoai ra, chi s6 TBA cuia thit ca cling ¢ su thay
dbi do tac dong cua viéc didu chinh pH dung dich
mudi ngdm. Chi s TBA thip nhit & gia tri pH cia
dung dich mudi 12 7 va 8, ham lvong MDA chi co
1,5340,11 va 1,49 +0,11 (mg MDA/Kg), va ham
luong MDA 1a 2,23 (mg MDA/Kg) khi ngam ¢ pH
4. Trong khi d6 chi s6 sulfhydryl ciing bi anh huéng
bdi pH cia dung dich. Nhém -SH & pH dung dich
mubi ngdm 7, 8, 9 1a cao nhat dat 13,77; 13,83 va
13,55 (umol/g protein). Nhin chung khi ngam ca
trong dung dich mu6i NaCl 12% va pH 8 gitp han
ché sy oxy héa lipid va protein, thé hién & chi sd
peroxide gidm con 0,012 (mEq/kg lipid), TBARS la
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1,49 (mg MDA/Kg), trong khi d6 chi s6 nhém —SH
la 13,83 (umol/g protein).

3.2.2 Tdc déng pH ciia dung dich NaCl dén
tinh chdt héa Iy va ddc tinh chat lwong cd léc sau
giét mé

Viéc thay doi pH cua dung dich mudi ngam ciing
tac dong dén tinh chat hoa ly ciing nhu dic tinh chét
luong co thit ca loc. Két qua xé&c dinh ham lugng
NaCl trong thit c4, d6 4m va su thay d01 pH co thit
ca dugc trinh bay ¢ Bang 4 cho thay rang, viée didu
chinh pH c¢6 tac dong dén su thdm thiu va khuéch
tan mudi vao nguyén liéu. Khi ngdm ca trong dung
dich NaCl 12% c6 pH 4, ham lugng mudi ngdm vao
nguyén liéu twong ddi thap chi 0,89%, khi d6 d6 am
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cua co thit ca la 76%. Ham luong mudi trong co thit
tang dan khi ting pH cta dung dich mudi ngdm, cu
thé & pH 9 ham lugng mudi cua thit 13 1,55%, va do
4m chi con 75,21%. Diéu nay co6 thé giai thich ring
khi ngam & pH thip sé& lam bién tinh protein trén bé
mit cia co thit ¢4, va can trd qua trinh thim thiu cia
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mudi vao thit ca. Tuy nhién, sy khac biét giita d6 am
ctia co thit c4 va ham luong mudi trong san pham 1a
khong c6 y nghia thdng ké khi diéu chinh dung dich
mudi ngdm dén pH 8 va pH 9. Dleu nay cling duoc
nhéan thay o két qua do dac do trang cua co thit ca.

Bang 4: Anh hwéng pH ciia dung dich mudi NaCl dén tinh chit héa 1y ciia co thit ca l6c

pH ciia Ham lwgng Kha nang P AL
dung dich P 4m (%) mudi trong thit pH gilr nuwée bori di;h by tr{a)lvnlg
NaCl ¢4 (%) (%) (%) (WD
4 76,00°+£0,20 0,89%+0,03  6,17°£0,09  69,88%+0,35 13,04°+0,25 73,60°+0,36
5 75,97°+0,16 1,14°+0,13  6,41°£0,05  70,019+£0,33  12,44°+0,39 76,10%+0,43
6 75,84%+0,18 1,18°+0,07  6,42°£0,07  70,72°£0,80 11,94°+0,22  78,53°+0,59
7 75,53%+0,26 1,28°+0,06  6,45°+0,09 71,34°+1,04 11,82%+0,18 80,20°+0,77
8 75,45%+0,33 1,43°£0,08 6,54%+0,09 72,39%+0,82 11,78*+0,16 81,17%+0,32
9 75,218£0,24 1,55£0,07  6,6340,06  73,09%£0,39 11,65%0,08 81,49%+0,27
bC (7,6) 75,324+0,25 1,54+0,0,05 6,45°+0,05 71,38+0,99 11,83%+0,18 80,24°+0,77

(Cac chir cai khac nhau trong cung mot cot biéu thi sy khéc biét ¢é ¥y nghia cua cdac nghiém thirc khdo sat ¢

mirc d¢ tin cdy 95%; PC: Doi chimg)

Két qua & Bang 4 ciing cho thiy sy gia ting cua
kha nang gitt nudc, twong ung la sy suy giam cua do
ri dich cua thit c4 16¢ sau khi hip theo su gia ting
pH dung dich mudi ngdm. Sy ting hay giam kha
nang gilt nudc cua co thit ca cha yéu do sy oxy hoa,
bién tinh, dong tu ctia protein va lién két protein tot
hon khi ngam pH thich hop (Esaiassen et al., 2004).
Qua trinh thuy phéan cta phospholipid trong ca khi
lam lanh sé& gia ting ham luong acid béo tu do dé bi
oxy hoéa kéo theo sy giam kha ning gilt nudc cua
protein. Nho su gia ting pH cua thit ca loc do tac
dong cua mudi NaCl va pH cao (pH 9) cua dich
ngam, sy lién két cuia nudc va protein ciing nhu cac
thanh ph?m khéc trong co thit ca on dinh, két qua thé
hién & ty 1& dich ri sau khi hap thip hon miu c4 dugc
ngam & diéu kién pH thap, do ri dich tang tir 11,65%
1én 13,04% khi giam pH 9 xu6ng pH 4. Nhin chung,
pH cua dung dich mudi ngam tac dong dén sy oxy
hoa lipid va protein trong co thit ca loc. Viée diéu
chinh dung dich mudi NaCl 12% vé pH 8 gitip han
ché su oxy hoa lipid va oxy hoa protein cing nhu
dam bao chét luong co thit ¢4 16c sau khi giét mo.

4 KET LUAN

Két qua nghién ctru cho thiy, qua trinh wép mudi
d3 giup han ché hoat dong cua enzyme lipoxygenase
va protease, dong thoi gitip cai thién chat luong co
thit ca. Thit ca 16¢ sau khi ngdm 3 gio ¢ nhiét do
phong trong dung dich NaCl 12% (w/v) ¢6 sy giam
thap hon hoat tinh enzyme (lipoxygenase, protease),
chi s peroxide va TBARS giam trong khi chi s6
sulthydryl tang cao, khac biét c6 y nghia thong ké
(p < 0,05) khi so sanh voi mau dbi chimg (khong
ngam mubi) va ca cac mau ngdm & nong d6 mudi
thap (4, 8%, w/v). Pdng thoi, su oxy hoa lipid va

protein ciia co thit ca 16c dwoc han ché khi pH cua
dung dich mubi & khoang trung tinh, dat hiéu qua
nhit & pH 8. Chét lugng cua thit ca 16¢ ¢ diéu kién
ngam mubi nay ciing duoc cai thién véi gia tri do
trang W1 1a 81,17, kha ning giit nudce 1a 72,39% va
ty 18 dich ri sau khi hap 1a 11,78%.
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