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Viet Nam ABSTRACT
This study investigated the effects of substituting NaCl with KCI at
various NaCl:KCl ratios (100:0, 70:30, 50:50, 30:70, 10:90, and
0:100) on the quality (color, texture, sensory) and protein properties
including protein electrophoresis (SDS-PAGE), protease activity
(U/mg protein), and lipoxygenase activity (mg MDA/g protein) of
dried snakehead fish. The SDS-PAGE results showed a significant
reduction in the intensity of the myosin (200 kDa) band with increasing
KCl concentration, notably almost disappearing in the 100% KCI
sample. Lipoxygenase activity tended to decrease in KCI-containing
samples, indicating better control of lipid oxidation. Conversely,
protease activity increased. Regarding sensory attributes, the 50%
NaCl: 50% KCI treatment exhibited high acceptance for color
(decreased L*, increased a*) without significantly affecting odor,
taste, or texture. This research provides valuable information for
developing reduced-sodium dried snakehead fish products that are
more beneficial for consumer health.

Keywords: Dried snakehead fish, NaCl/KCI, protein property,
sensory
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1. GIOI THIEU

Ca 1oc (Channa striata) 1a loai ca dac trung cia
cac nude chau A, ndi tiéng vi d& nudi, gia tri dinh
dudng cao va chit lugng thit tét (Andriani &
Septiana, 2024). Theo Nguyen and Tran (2016), ca
loc chura khoang 77% d6 am, 19% protein, 2,9%
chét beo, cung voi cac vitamin va khoang chat thiét
yéu, trd thanh nguon cung cép protein dong vat co
gi4 tri trong khau phan 4n ctia con nguoi.

Trong bbi canh bao quan thyc pham, viéc udp
muoi va say kho 1a nhiing phuong phap truyen thong
va phd bién dugc st dung rong rai ¢ nhiéu nuéc
dang phat trién. Kho ca loc u6p mudi 1a san phim
dac trung duoc nguoi tiéu dung wa chudng nho
huong vi dam da va do bén bao quéan cao. San pham
nay duoc san Xuét voi quy mo 16n, dac biét tai cac
tinh thugc dong bang séng Ciru Long cta Viét Nam
nhu An Giang va Ca Mau, noi c6 nhiéu lang nghé
ché bién ca kho truyén théng phuc vu thi truong
trong nudc va xuét khau (Tran & Nguyen, 2021).
Thong thuong, ndng d6 NaCl duoc sir dung dé uép
va ngam mudi trong ddi cao c6 thé 1én dén khoang
12% (Tran & Nguyen, 2021). Tuy nhién, viéc tiéu
thu NaCl qua mic da dugc chimg minh 1a co mbi
lién hé mat thiét véi mot sb van dé sire khoe nghiém
trong, bao gdm ting huyét 4p va cac bénh tim mach
(Oberleithner & de Wardener, 2011). T6 chuc Y té
Thé giéi (WHO) udc tinh rang 2,5 tridu ca tu vong
6 thé dugc ngan ngira hang ndm néu muc tiéu thy
natri toan cau giam xudng mirc khuyen nghi (WHO,
2015). Nguoc lai, WHO ciing khuyén nghi luong
kali tiéu thu hang ngay 16n hon 3,5 g, vi luong kali
cao hon di dugc chimg minh 13 c¢6 thé giam thiéu
tac dong bt loi dén sirc khoe lién quan dén viée tiéu
thu natri qua micc (WHO, 2015). Do d6, cac chién
luge duge thuc hién nhdm giam téng luong mudi,
dac biét 1a natri, trong thuc phém ché bién sin dang
tré thanh mot wu tién cap thiét trong linh vuc stc
khoe cong dong.

Kali clorua (KCl) da dugc st dung rong rai nhu
mot chat thay thé NaCl trong nganh cong nghiép
thyc pham. Viéc thay thé mot phan NaCl bang KCl
¢6 tiém nang dang ké trong viéc giam luong natri
tiéu thu va cai thién strc khoe tim mach, dic biét ddi
v6i nhitng ngudi bi ting huyét ap hodc ¢6 nguy co
mic cac bénh lién quan dén tim mach (He &
MacGregor, 2009). Cac nghién ctru trudc day khi
duogc thuc hién da kham pha anh hudng cia viéc
thay thé NaCl bang KCI trén nhiéu san phim thuc
pham khac nhau. Jing et al. (2023) di nghién ctru
anh hudng cua viée thay thé mot phan NaCl bang
KCl Ién tinh chét protein va cac dic tinh chat lugng
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cua phi 1€ ca r6 phi udp mudi, cho théy rang viéc
thay thé t6i 50% NaCl bang KCl van duy tri dugc
chat luong san phidm mong mudn. Twong tu, Pi et
al. (2022) ciing bao céo rang viéc thay thé NaCl
bang KCI c6 thé anh huong tich cuc dén thude tinh
mau sic va cau trac gel cua thit ca xay.

Mic du co nhimng nghién ctru vé viéc thay thé
mudi trong cac san pham ca khac, anh hudng toan
dién cua viéc thay thé NaCl bang KCI 1én céc tinh
chit hoa 1y va cam quan cta san pham khé ca 1oc
truyén théng Viét Nam van chwa duoc danh gia mot
cach k§ ludng. Nhu cau vé mot san pham kho c4 loc
vira dam bao an toan sirc khoe, vira gitr dugc cac dac
tinh chat lugng truyén thong 1a rat 16n. Do do,
nghién ctru nay dugc thyce hién nham muc dich xac
dinh ty 18 thay thé KCl thich hop cho NaCl trong qua
trinh ché bién kho ca loc, véi muc tidu kép 1a cai
thién strc khoe cong dong thong qua viée giam luong
natri, ddng thoi duy tri tdi wu cac dic tinh hoa ly va
cam quan quan trong ctia san pham khé ca 16¢ uép
mudi.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén vit liéu va héa chit

Cé loc duge mua tr mét trang trai dia phuong &
Phuong 8, tinh Vinh Long, véi khdi lwgng mdi con
tir 700 dén 800 g. Sau khi thu hoach, ca dugc van
chuyén dén phong thi nghiém va gt song trong cac
thung nhya chira nuéc. Ca dugce gitt 6n dinh it nhét
mot gid trude khi xtr Iy (Tran & Nguyen, 2021).

TAt ca cac hoa chit duoc st dung trong thi
nghiém déu 1a loai tinh khiét phan tich va dugc mua
tor Cong ty Merck KGAA (Darmstadt, Dirc), bao
gébm NaCl, KCI, malondialdehyde (MDA), 2-
thiobarbituric acid (TBA), tyrosine, trichloroacetic
acid (TCA).

2.2. Quy trinh sy khé ca 16¢ wép mudi

Hinh 1. C4 l6¢ phi 1é sau khi ngdm mudi
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C4 16¢ duogc can khdi lwong trude khi 1am ngt,
cét tiét va xa méau trong nudc (thoi gian xa mau 10
phut & nhiét d6 phong dé dam bao loai mau hoan
toan). Ca sau khi cit tiét dugc chuyén sang danh
vay, bo mang, nip mang, ndi tang va dau (Tran &
Nguyen, 2021). Sau khi lam sach, ca 16¢ dugc phi 1€
va ngam trong dung dich nuéc mudi véi ty 18 ca:
dung dich 1a 1:2 (khdi lugng/khdi lwong) trong 3 gio
(Hinh 1). Ty 1€ NaCl: KClI trong dung dich nuéc
mudi 1an luot 1a 100:0, 70:30, 50:50, 30:70, 10:90
va 0:100%. Dung dich mudi dwoc pha sao cho nong
d6 mudi cudi cung dat 12%. Sau khi ngdm nudc
mudi, phi 1& ca dugc siy & 50°C theo dé xuét cia

Béng 1. Cac chi tiéu phan tich
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Tran and Nguyen (2021) bang may siy khay (DRC
- 16T, Viét Nam). Ham luong 4m duoc do 2 gid mot
lan trong qua trinh sdy bang méy phan tich d6 4m
(MOC-63U Shimadzu, Nhat Ban). Qu4 trinh sdy két
thiic khi ham lugng am cudi cliing clia san pham dat
20%. Sau d6, cac mau kho ca 16¢ duogc cho vao tai
polyamide (PA) (25x35 c¢m) va st dung cho qua
trinh phan tich.

2.3. Phuong phap phan tich
Phuong phéap phan tich cac chi tiéu hoa ly va

cam quan trong cac thi nghiém duogc trinh bay ¢
Béng 1.

Chi tiéu

Phwong phap phén tich

DPién di protein (SDS-PAGE)

Xac dinh theo phuong phép cua Laemmli (1970). SDS-PAGE
dugc tién hanh véi gel tach 10% va gel co dic 4% trong diéu
kién khir, str dung dung dich ¢¢m SDS dé tach protein sgi co, sau
d6 dién di, nhuém Coomassie Brilliant Blue R-250 va phan tich
bang Gel-Pro Analyzer.

Hoat tinh enzyme lipoxygenase (nmol
MDA /mg protein)

Xac dinh theo phuong phéap ctuia Harris and Tall (1994)

Hoat tinh enzyme protease (U/mg protein)

Xac dinh theo phuong phap ctia Dang et al. (2004)

Do cung (N)

Xac dinh bang may do cau triic (TMS Pro, USA). Chuong trinh
may duogc thiét 1ap vai tbe d6 40 mm/pht, luc kich hoat 50 N,
va do dich chuyén 10 mm. Dé thu thap dir liéu, phﬁn mém
Texture Lab Pro (phién ban 1.18-408/15/10/13) dugc st dung.

Mau sac (L*, a*, b*)

Xac dinh bang may do mau (MSEZ-4500 L, HunterLab, USA)

Panh gia cam quan

Thyc hién theo phuong phap cua ElShehawy et al. (2015) st
dung thang thi hicu 9 bac (hedonic scale)

2.4. Thong ké va xir Iy s6 liéu

Tét ca cac két qua thi nghiém cua ba 1an do duoc
thé hién dudi dang gia tri trung binh + d6 1éch chuan
(STD). Dt li€u dugc so sanh sy khac biét gitta cac
gié tri trung binh ciia cac nhom khac nhau bang cach
sir dung phén tich phuong sai (ANOVA) va kiém
dinh Duncan (Steel & Torrie, 1980). Viéc phan tich
théng ké dugc thuc hién bé“mg ph?m mém SPSS cho
Windows (SPSS 11.0, SPSS Inc., Chicago, IL,
USA).

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia viéc thay thé NaCl bing
KCl dén sy thay doi cau tric protein ciia
khé ca léc
Dé 1am 16 nhitng thay ddi trong ciu trac protein
cua co thit‘khf) cg’t loc duéj tac dong cua viéc thay
thé mot phan mudi NaCl bang KCl, két qua dién di
protein bang phuong phap SDS-PAGE dugc thé
hién ¢ Hinh 2.
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Két qua cho thdy, trong ciu truc co thit c4, ba
loai protein cdu trac chinh thudong dwoc nhén dién
1d rang qua phan tich SDS-PAGE 1a myosin chudi
nang (myosin heavy chain, MHC), actin va
tropomyosin. Mdi loai protein ndy déu cé vai trd
chirc nang va vi tri dién di dac trung trén gel. Sy hién
dién, sic nét va cudong do cua cac dai protein trong
SDS-PAGE la nhiing chi bao quan trong vé mirc d¢
bao toan cau truc protein, khd ning hoa tan, ciing
nhu dé danh gia anh hudng cia cac diéu kién xu ly
nhu loai mubi, pH vanhiétdo dén cht luong protein
co thit ca (Sikorski, 2001). O mau TO (trudc khi
ngam mudi), cac dai protein ddc trung nhu myosin
(~200 kDa) va actin (~45 kDa) dugc nhan dién rd
rang, phan anh trang thai ty nhién cla protein co
trong mo. D6i véi mau 100N (100% NaCl), cac dai
protein van hién r, dic biét 1a dai myosin, cho thiy
hiéu qua chiét tach protein myofibrillar cao. Ion Na*
da dugc chirng minh 1a c¢6 kha nang tdng cuong do
hoa tan cia protein nhd kha ning 6n dinh dién tich
bé mat va hd trg twong tac protein-nude hidu qua
(Jiao et al. 2024).
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Hinh 2. Pién di protein (SDS-PAGE) co thit kho ca léc é cac ty 1€ NaCl: KCI khac nhau

Ghi chii: TO - Co thit cd I6¢ trieée khi ngdm muéi; 100N - Co thit cd [dc fillet ngdm mudi & ty 1é 100% NaCl; 70N - Cor
thit cd Iéc fillet ngdm mudi 6 1y 16 70% NaCl:30% KCI; 50N - Co thit ¢ Iéc fillet ngdm muoéi ¢ ty 16 50% NaCl:30%
KCI: 70K - Co thit cd ¢ fillet ngdm mudi ¢ ty 1é 30% NaCl: 70% KCI; 90K - Co thit ca léc fillet ngdm mudi ¢ ty 16
10% NaCl: 90% KCI: 100K - Co thit cd Iéc fillet ngdm mudi & ty 16 100% KCI; MHC - Chudi nidng Myosin (Myosin

heavy chain)

Tuy nhién, khi tién hanh thay thé timg phan
NaCl bang KCI (mau 70N va 50N), cuong do dai
protein bat ddu giam, dic biét 1 myosin. Muc do
suy giam nay cho théy su giam hiéu qua chiét tach
protein, didu nay c6 thé do ion K* ¢6 kha ning tuong
tac yéu hon véi cic nhém phén cuc trén bé mit
protein so véi Na™, Dong thoi, su hién dién ctia K*
¢6 thé 1am giam muc hydrat hoa protein va ting
nguy co hinh thanh cac két tu protein khong hoa tan
(Jing et al., 2023). Cac mau c6 ham lugng KCl cao
hon (70K, 90K va 100K) thé hién su suy giam rd rét
ca vé cudong do va do sic nét cua cac dai protein.
Dang chu y, dai myosin gan nhu bién mat & mau
100K. Két qua nay phan anh hién tuong bién tinh
manh, mét hoat tinh chirc nang hoac két tua protein
dudi tac dong cua ion K*. Ton K* vén ¢6 xu hudng
pha v& mang luéi lién két hydro cua nude va lam
mat can bang dién tich trén bé mat protein, ddn dén
giam d6 bén keo va kha ning duy tri trang thai hoa
tan (Jiang et al., 2019). Theo Wu et al. (2021), khi
ty 16 thay thé NaCl bang KC1 vuot qua 50%, cau tric
protein cua cd ro phi bi phé vd, dan dén hién tuong
két ty va lam giam dang ké do hoa tan. Nhimng thay
d6i nay c6 y nghia quan trong ddi véi cau tric va
chat lugng cam quan ciia san pham kho cé loc.
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3.2. Anh huwéng ciia viéc thay thé NaCl bing
KC1 dén sy thay dbi hoat tinh enzyme
lipoxygenase va enzyme protease cia
khé ca loc

Hoat tinh cta lipoxygenase va protease, 1a cac
chi s6 chinh 1an luot cua qué trinh oxy hoa lipid va
thuy phan protein, da dugc do luong trén cac nghiém
thirc (Hinh 3). Hoat dong cua lipoxygenase cho thiy
su suy giam dang ké khi mirc d6 thay thé KCl ting
1én. Xu huéng nay c6 thé chi ra kha nang 6n dinh
oxy hoa dugc cai thién, do KCl c6 kha nang pha v&
lipid mang thip hon so véi NaCl, hoic do cuong do
ion thay dbi anh huong dén cau trac va hoat dong
cua enzyme (Wu et al., 2016). Nguoc lai, hoat ddng
clia protease van tuong dbi khong doi, nghia 1a viée
thay thé KC1 & mirc do vira phai khong 1am thay doi
dang ké su thiy phan protein trong qua trinh lam
kho.

Lipoxygenase, mdt enzyme cd trong mo dong
vét, xtc tac sy hinh thanh cac chét chuyén hoa co
hoat tinh sinh 1y khac nhau va dugc biét dén 1a yéu
t6 khoi dau qua trinh oxy hoéa lipid (Armenteros et
al., 2009; German et al., 1986). Qua trinh chuyen
hoa lipid dong gop dang ke vao chat luong san phim
cudi ciing va mirc d6 oxy hoa lipid trong co cé loc
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dugc phan anh qua hoat déng cua enzyme
lipoxygenase. Song song do, qua trinh thuy phan
protein, dugc biéu thi bang hoat dong cua protease,
cling dong vai tro trong yéu trong viée xac dinh chat
luong san pham (Ye et al., 2024). Hoat dong cua cac
enzyme lipoxygenase va protease trong cic mau kho
cé 16c c6 su thay thé mot phan NaCl bang KC1 duoc
trinh bay ¢ Hinh 3. Két qua cho thdy xu huéng giam
trong hoat dong cuia lipoxygenase khi muc d6 thay
thé KCI tang 1én, tir 7,12+0,09 dén 4,79+0,29 mg
MDA/g protein (Hinh 3A). Hoat dong lipoxygenase
cao nhat dwoc quan sat thay & mau dbi ching (100%
NaCl), trong khi hoat dong thip nhét dwoc ghi nhan
& mau chira 100% KCl (p < 0,05). Diéu nay chi ra
rang KCI ¢6 tic dung lam giam hoat dong cua
lipoxygenase khi mirc d6 thay thé cua no tang Ién.
Nhitng phat hién nay phu hop véi cac bao cao cua
Guo et al. (2019), tac gia di quan sat thay su giam
tuong tu trong hoat dong lipoxygenase & ca trdm co
kh6 u6p muoi duge xur ly bang céc chit thay thé
mubi goe KCI.

Dt liéu thu duoc chi ra réng hoat dong cua
protease thé hién xu hudng ting voi muc do thay thé
KCl cao hon, ting tir 0,28+£0,02 dén 1,14+0,03
U/mg protein (Hinh 3B). Hoat dong protease cao
nhat dugc quan sat thdy ¢ mau chira 100% KCI,
trong khi hoat dong thap nhat duoc ghi nhan & mau
dbi chung véi 100% NaCl (p < 0,05). Cac mudi
clorua khac nhau da dugc bao cao la co tac dung uc
ché khac nhau ddi voi hoat dong cua protease (Lee
et al., 2012). Theo Cittadini et al. (2020), NaCl thé
hién tac dung tc ché manh hon d6i voi hoat dong
cua protease so vOi cac mubi khac. Do do, viéc ting
ty 1¢ thay thé KCI c6 thé 1am giam su trc ché enzyme,
dan dn ting hoat dong cua protease trong kho ca
loc.

Nhimng thay dbi vé hoat tinh enzyme nay dugc
cling ¢ boi cac nghién ciru gan day trén phi 16 ca rd
phi. Jing et al. (2023) d4 phat hién rang viéc thay thé
mot phan NaCl bang KCI (1én dén 50%) trong phi 1&
ca 16 phi wép mudi da din dén ting qué trinh oxy
hoa protein va thuy phén protein, anh huong dén sy
6n dinh cu tric cia protein to co. Viéc thay thé KCI
quéa mirc (hon 70%) di dan dén bién tinh protein va
suy giam cac thuge tinh cam quan, bao gom mui vi
va két cau. Két qua nghién ciru nhin manh rang, viéc
thay thé KCI1 1am thay d6i cAu hinh protein, dan dén
tang tinh ky nuéc bé mit va twong tic protein-
protein ndi phan tir, didu nay c6 thé anh huéng dén
chat luong tong thé cua san phdm ca (Jing et al.,
2023). Tém lai, mic du viéc thay thé KCI c6 thé 1am
gidm qua trinh oxy héa lipid bang cach giam hoat
dong cua lipoxygenase, n6 ciing ¢6 thé ting cudng
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hoat dong cua protease, dan dén ting qua trinh thity
phan protein. Nhing thay d6i nay nhan manh tim
quan trong cua viéc toi wu hoa mirc KC1 dé can bang
gitra loi ich cua vi€c giam oxy héa lipid v6i nhiing
han ché tiém 4n cuia viée tang phan hay protein, dam
bao cac thudc tinh chat lugng mong mudn cia kho
ca loc.

3.3. Anh huéng caa viéc thay thé NaCl bang

KCI dén céu tric ciia khd ca loc

Viéc thay thé NaCl bang KCl trong qua trinh ché
bién khé cé 16¢ da duge ghi nhan c6 anh huong dén
d6 ctmg (N) cua san pham (Bang 2). Cu thé, su gia
tang mirc KCl twong quan véi viée tang do cung,
dao dong tir 53,80+1,54 N trong mau 100% NaCl
dén 69,85+2,48 N trong mau 100% KCI. Tuy nhién,
& chc ty 1¢ thay thé 50:50%, 30:70%, 10:90% va
0:100% (NaCl: KCl), sy khac biét veé do cung khong
¢6 y nghia thong ké (p > 0,05). Nhitng két qua nay
phu hop véi nghién ciru ciia Wang et al. (2024), tac
gia da khao sat anh huong cua viée thay thé mot
phan NaCl bang KCI trén xtc xich kho. Két qua
nghién ciru nay cho thiy viéc thay thé 40% NaCl
bang KCI, viéc két hop véi viée cay vi khuan lactic
da cai thién cdu tric cta xtic xich. Piéu nay goi y
rang viéc thay thé KCl & mirc do vira phai co thé
nang cao cac thudc tinh cdu tric ma khong anh
huéng tiéu cuc dén chét lugng san phim (Wang et
al., 2024).

Bang 2. Sv thay déi ,Cf’lll tric cia kho ca léc béi
cac ty 1€ muoi NaCl: KCI khac nhau

Ty 1& NaCL:KCI Dj cirng (N)
100:0% 53,80°1,54
70:30% 59,41°+1,48
50:50% 62,35°+0,78
30:70% 69,10%%1,28
10:90% 68,82%41,36
0:100% 69,85+0,51

Ghi chi: Cac ky tw khdc nhau trong ciing mét cot thé
hién su khac b’iét)} nghlta o mirc 5% voi kiem d‘mh LSD.
Cdc gia tri thé hién 3 lan lap lai + dé léch chuan.

3.4. Anh hudng cuaa viéc thay thé NaCl bing
KCI dén mau sac ctia khé ca léc

Vé cac thudc tinh mau sic (Bang 3), gia tri L*
(d6 sang) giam tir 39,44+0,50 xudng 36,26+1,04 khi
mirc KCI ting 1én, diéu nay cho thdy san pham cé
mau t6i hon. Gia tri a* (46 do) tang tir 15,00+0,78
1én 17,16+0,64, trong khi gia tri b* (d0 vang) giam
tir 25,88+0,33 xudng 22,05+1,33. Nhitng thay doi
nay cho thdy mirc KCl cao hon c6 thé dan dén san
pham t6i mau va d6 hon. Cac quan sat tuong tur ciing
duoc bao cdo bai Pi et al. (2022) trong nghién ctiru
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vé gel thit c4 xay chua rira tir ca trim c6. Hon nita,
Guo et al. (2019) da khao sat anh hudng cta viéc
thay thé mot phan NaCl bang KCI va acid amin trén
kho cé tram c6 wop mudi. Két qua chi ra ring nhiing
sy thay thé nay di dan dén giam qua trinh oxy hoa
lipid va cai thién qua trinh thuy phén protein, gop
phan tang cuong sy 6n dinh mau sac va cac thude
tinh c4u trac trong san pham cudi ciing.
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Tom lai, viéc thay thé mot phan NaCl bang KCl
trong qua trinh ché bién khé c4 16¢ ¢ thé anh huong
dén céc thudc tinh ciu tric va mau sic. Mtre do thay
thé vira phai (1&n dén 50%) co thé cai thién dugc cac
thugc tinh céu trac va mau sic, trong khi murc d§
thay the cao hon dan dén nhimg thay d6i dang ké vé
mau sic va cdu trac cua san pham. Nhing phat hién
nay nhan manh tam quan trong cua viéc t6i wu hoa
muc do thay the KCl d dat dugc chat lugng san
pham mong mudn.

Bing 3. Anh hwéng ciia ty 18 NaCI:KCl khic nhau dén sy thay doi cac gia tri mau sic cia khd ca loc

Ty 1 NaCI:KCI L* a* b*
100:0% 39,44+0,50°* 15,0040,78*  25,88+0,33"
70:30% 38,11+1,78% 15,53+1,68%  24,24+121°
50:50% 37,83+0,63% 16,32+1,54%  21,65+2,01°
30:70% 36,74+1,63 16,1240,92%  21,90+0,92°
10:90% 36,861,11° 16,62+0,48%  21,94+0,66°
0:100% 36,26+1,04° 17,1640,64°  22,05+1,33°

*Ghi chu: Cac ky tw khac nhau trong cung mot cot thé hién sur khdc biét y nghia ¢ mirc 5% voi kiém dinh LSD. Cac gid

tri thé hién 3 lan Igp lai + dg léch chudn.
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Hinh 3. Hoat tinh enzyme lipoxygenase (A) va enzyme protease (B) ctia kho ca loc ¢ cac ty 1€
NaCl:KCl khac nhau

Ghi chu: 100:0 - 100% NaCl; 70:30 - 70% NaCl:30% KCI; 50:50 - 50% NaCl:50% KCI; 30:70 - 30% NaCl: 70% KCI;

10:90 - 10% NaCl: 90% KCI; 0:100 — 100% KCI

3.5. Moi twong quan giira cac dic tinh Iy héa
va hoat tinh enzyme ctia kho ca léc

Biéu do Pearson (Hinh 4) trinh bay mdi quan hé
giita cac dic tinh cu trac (d6 ctng), mau sic (L*,
a* b*) va hoat tinh enzyme (lipoxygenase,
protease) cua kho cé 16c. Cac gia tri trong biéu do
cho biét hé sb tuong quan Pearson (r) gilta cac cdp
bién. Két qua cho thay ton tai mdi tuong quan
nghich manh gitta d0 cung va hoat tinh
lipoxygenase (r = —0,76), nghia la khi d0 cung tang,
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hoat tinh lipoxygenase c6 xu hudng giam. Hién
tuong nay co thé duoc 1y giai boi hoat tinh
lipoxygenase thép lam han ché qua trinh oxy hoda
lipid, tir &6 gop phan duy tri chu triic protein va nang
cao d cung cla san pham. Két qua nay ciing phu
hop v6i nhan dinh cua Guo et al. (2019), khi nhom
tac gia bao céo rang viéc giam oxy hda lipid co thé
cai thién chat lwgng cau tric cua ca trim c6 mudi.

Nguoc lai, hoat tinh protease cho thﬁy mbi tuong
quan thuan manh mé véi d¢ cting (r = 0,66). bicu
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nay tudng chirng mau thuin véi quan diém phd bién
rang protease phan huy protein, lam giam cau trac
gel va do cimg. Tuy nhién, trong mot sé diéu kién
cu thé, mirc hoat tinh protease vira phai co thé thuc
déy qua trinh cit chon loc cac chudi polypeptide, tao
ra cac doan protein ngan hon nhung c¢6 kha nang tai
sap xép va hinh thanh lién két ngang (cross-linking)
hiéu qua hon, tir d6 cing c6 mang gel va 1am ting
do cung (Jing et al., 2023). Két qua dién di SDS-
PAGE trong nghién ctru ny cho thiy & cic mau co
ty 1€ KCI cao (10:90% va 0:100%), cac dai protein
c6 trong lugng phan tir cao (myosin heavy chain)
giam cuong d9, dong thoi xuét hién cac protein co
trong lugng phén tr trung binh va thap hon (Hinh
2). Diéu nay goi y rang protease da cét mot phan cac
protein soi 16n thanh cac phan doan ngin hon nhung
van gilr kha nang twong tac. Hoat tinh protease do
dugce & cac mau nay ciing cao hon so véi cac mau
con lai, cho thay sy phan giai protein ¢ mirc klem
soat dugc (Hinh 3B). Su ket hop giita sy phan cit c6
chon loc va tai to chirc ciu triic protein co thé giai
thich tai sao & mau 10:90% va 0:100%, du hoat tinh
protease cao d§ cung lai tang. Hién tuong nay phu
hop vé6i nhan dinh cua Jing et al. (2023) ring sy thay
thé KCI c6 thé thay d6i cau hinh protein, ting cudng
tuong tac ndi phén tir va lién két ngang, tir do ting
dac tinh co hoc cua san phém.

Vé cac thudc tinh mau sic, gia tri L* (40 sang)
twvong quan thuan manh m€ vd&i hoat tinh
lipoxygenase (r = 0,73) va tuong quan nghich manh
vdi hoat tinh protease (r =-0,63). Diéu nay cho thay
rang khi hoat tinh lipoxygenase cao hon, san phim
6 xu hudéng sang hon, trong khi hoat tinh protease
cao hon lai lién quan dén san phdm t6i hon. Sy
tuong quan gitra L* va lipoxygenase co thé lién quan
dén cac san phim oxy hoa lipid gay ra sy d6i mau.
Dbi v6i hoat tinh protease, sy phan hay protein c6
thé dan dén hinh thanh cic hgp chat melanoidin
hodc céac phan ing khac lam san pham t6i mau hon,
nhu duoc dé xut boi Ye et al. (2024) trong nghién
clru vé vai trd ciia thily phan protein trong chat
luong san pham. Gia tri a* (46 do) co twong quan
nghich vira phéi véi hoat tinh lipoxygenase (r = -
0,50) va twong quan thuan vura phai v6i hoat tinh
protease (r = 0,55). Diéu nay ngu y rang hoat tinh
lipoxygenase thip hon ¢ thé lién quan dén mau do
hon, trong khi hoat tinh protease cao hon lai lién
quan dén ting do do. Su thay d6i mau sic nay c6 thé
do qua trinh oxy hoa heme hodéc hinh thanh cac san
phim phan tng Maillard, nhu di dugc quan sat
trong cac san pham cé khac khi thay d6i nong do
mubi va enzyme (Pi et al., 2022). Cubi cling, gia tri
b* (d6 vang) twong quan thuan manh v6i hoat tinh
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lipoxygenase (r = 0,68) va tuong quan nghich vira
phai v6i hoat tinh protease (r = -0,56). Hoat tinh
lipoxygenase cao hon duong nhu lién quan dén mau
vang hon, ¢6 thé do sy hinh thanh céc san pham oxy
hoéa lipid mau vang. Nguoc lai, hoat tinh protease
cao hon ¢ thé lam giam d6 vang. Tom lai, nhirng
mdi twong quan ndy cung cip cai nhin sau sic vé sy
tuwong tac phuc tap giira cac dac tinh 1y hoa va hoat
tinh enzyme trong kho cé 16c khi thay thé NaCl bang
KCI. Mirc d6 thay thé KCI, théng qua anh huéng
dén hoat tinh enzyme, di tac dong dang ké dén ca
d6 ctmg va mau sic cua san pham cubi cing.
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Hinh 4. D6 thi Pearson thé hién mdi twong quan
giita cac dic tinh ly héa va hoat tinh enzyme ctia
kho ca loc

3.6. Anh hwéng ciia viéc thay thé NaCl bing
KC1 dén chét lrong cim quan ciia kho
ca léc

Két qua danh gia cam quan, bao gdm céc diém

vé mau sdc, mui, vi, ciu tric va muc do wa thich
chung ddi v6i kho ca 1oc duge thay thé mot phan
NaCl bang KCI duoc trinh bay & Bang 4. Ddi véi
mau sic, mau c6 50% NaCl dugc thay thé bang KCI
¢6 diém cao nhat. Tuy nhién, khéng c6 su khac biét
¢ ¥ nghia thng ké so véi cac ty 1& NaCl: KCI 1a
70%:30%, 30%:70% va 10%:90% (p > 0,05). V&
mui, vi va cu triic, khong co su khac biét dang ké
nao dugc quan sat giita cic mau. Pang chu y, ddi
v6i diém mirc d6 ua thich chung, mau c6 50% NaCl
dugc thay thé bang KCI duoc danh gia t6t nhat. Cac
danh gia cam quan twong ty dugc thye hién trén kho
¢4 trim co6 cho thiy rang viéc thay thé NaCl bang
KCI khong anh hudng tiéu cuc dén kha ning chap
nhén ctia nguoi tiéu dung (Guo et al., 2019). Ty 1¢
NaCl: KCI 50:50% nhan dugc diém cao nhat cho tat
ca cac thudc tinh. Tuy nhién, khi ty 1¢ thay thé KCI
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vuot qua 70%, diém cam quan vé vi va su yéu thich
chung giam xudng, c6 thé 1a do cac huong vi ding
hodc kim loai dd dugc ghi nhan rd rang lién quan
dén ndng @6 KCl cao (Kilcast & den Ridder, 2007).
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Mic di vy, khong c6 anh huéng dang ké nao dugc
déanh gia vé cau tric, diéu nay cho thay rang mirc do
thay thé vira phai 14 c6 thé chap nhan dé duy tri chat
lugng cam quan.

Bing 4. Anh hwéng ciia viéc thay thé NaCl bang KCI1 dén chit lwgng cam quan ciia khd ca loc

Ty 18 NaCl: KCl  Mau sic Mui Vi Ciutric  Swwa thich chung
100:0% 7,60+0,67%* 7,10£1,32*  7,00£1,02*  7,30+1,12*  7,20+0,89%
70:30% 7,90+0,71b 7,20£1,350  7,10£1,40°  7,20£1,56*  7,30+1,21%
50:50% 8,10+0,71° 7,20£1,000  6,70£2,23*  7,20+£1,00°  7,50+0,68"

30:70% 7,80+0,61% 7,401,040 6,60£1,94°  7,60£1,04*  7,20+1,00%
10:90% 7,80+0,61% 7,10£0,96° 6,401,650  7,00£1,29*°  6,90+0,84°
0:100% 7,00£1,11° 7,10£1,40°  6,30£1,99°  7,30£1,37*  7,20£1,19%

*Ghi chu: Cac ky tw khac nhau trong cung mot cot thé hién s khac biét y nghia ¢ mirc 5% voi kiém dinh LSD. Cac gia

tri thé hién 3 lan Igp lai + dg léch chudn.

Két qua & mot nghién ciru ciia Armenteros et al.
(2009) cho thay khong co6 su khac biét dang ke nao
v€ mui, vi va cau tric dugc quan sat gitra mau dbi
chimg (100% NaCl) va mau c¢6 téi 50% KCI thay
thé. Hon nita, mau c6 KC1 duoc wa thich hon vé mau
sdc va chat luong tong thé (Armenteros et al., 2009).
Mot danh gia cam quan tuong tu trén giam bong
mudi sir dung cac mudi clorua khac nhau di phat
hién ra ring mau d6i ching (100% NaCl) va nghiém
thirc 50% NaCl:50% KCI khong cé su khac biét
dang ké v& mui, chu tric va do mong nudc
(Armenteros et al., 2009). Nhitng phat hién nay cho
thdy viéc thay thé mot phan NaCl bang KCI khong
anh hudng tiéu cuc dén cac dic tinh cam quan cua
¢4 kho va trong mot sd truong hop, né co thé cai
thién kha nang chap nhan san pham tong thé, dic
biét 1a vé mau sic.
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