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Abstract: In order to investigate the effect of curing time on the edible quality and oxidative characteristics of compound
low-sodium yak meat products, in this experiment, complex low-sodium yak meat was selected to investigate the effects of
curing time (12, 18, 24, 30 and 36 h) on the edible quality and oxidative characteristics. The results showed that prolonging
the curing time significantly reduced the cooking loss (P<0.05), affected the energy storage modulus (G’) and loss modulus
(G"), and improved the textural characteristics of the products, but had no significant effect on the yield pH and color of the
products; total myoglobin (TMb) and oxymyoglobin (OMb) showed an overall decreasing trend, and methemoglobin
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(MMb) showed an increasing trend during the curing period. Meanwhile, correlation analysis showed that the cooking loss

of yak meat products in sauce was significantly negatively correlated with the curing time, and the fat oxidation and protein

oxidation were significantly positively correlated with the curing time (P<0.05). With the extension of curing time, the

oxidation of fat and protein were increased, which was manifested by a significant increase in the value of thiobarbituric

acid reactive substances (TBARS), carbonyl content, dimerized tyrosine content, and a significant decrease in sulfhydryl

content (P<0.05). In conclusion, the highest sensory score (7.411) and the best overall quality characteristics were obtained

at 24 h of curing time with better textural characteristics and less oxidation.

Key words: yak meat; complex low-sodium; curing time; edible quality; oxidation characteristics

YA E SRR, mE ARG, 5 S5 AR
i B IR AN Z A RIS TER, ITAFACE W32 2131
PRHEAITT IR b PR TR EML ST i P i A, O
BAERUAR . CPFEH A HBIGRAERR A, RN
THE e

JHE o) e 3 A PRI T A A G A v i R B —
B, i g, A ARSI T, BEREESE . B
JHE T e B LA o, BR T YRR, i B T s L
PRI R R SR A, S5 R FUBOK-G VR, M TTTek
A AR IO A EOKRBE ST . (HEA BFTEIN N, R4
SRS R IXURS:, A v XU s I AL O i A 45
P DDAy e S S N S R eV SR S K2
ErERAShE: . A XU R | AT R T AR
fEEERE A ES . o, B —=E#EA —E R
P, FLAEU A BN 20T it ) XU AT 110 A3
i), JXUBR EAC R 7 G R A NBTAA AN BRI 2%, i Y
INCHARNIAAAE A B Ab PR /NSRS . BNER
MEE 515, BEEATFA XY 6080, -t nl e 21 4% ot
a3, S0P ot IR AN /K PR BOAE DRI A U
RV N A T TR N SR B R A BN SR
WA 4@ G 4EL (KC1, MgCl, 45) | SR EL (Famfie
BN WEIR N NP SN . —IRWEIRENAE) | FLIRER
ST ERIMETRI A S, B[] L s e i o SR Y
HENER . M AOAS TR R AN AR I 6l W i e
WU 2385 A B AAL R A o BT ] 1) i it Wk 5~
Tty BRI B USRI 1, (BRI in 1 4 A28 ot
BURTRENE . PRI, 3 AR i o 1] LIS 50 XU AT
EALIKS- B~ 00 T i = OS2 . (H il T etk
AL e )™ i RIS AR i R 77 AN [R), HE e det i
TN R . F AT S TR eI il i [l g e 224
FRAERE R B AL M AR RIS, B L i 2 O
AL AR ) S, AR, AL R A
ZEUS SCTHEAR PR BOF S e DL, R
TR AIY, HLEA A5 TIRAMIE ] i SCRkoOC 46
rh AR RN S A ER A L, SETHIRBMIE Sl R A L
PR RE RO HaE R L, g A LA B A s f e
AR DA Ke — 35 Y SC R I AN

AR SR A A RN BEC 5 g, LUE HAS [R] i T8
HOAEAF A I WF e &2, il A i e e A ot iR o 4R
AN I EALAFFEAR, PR R P 2 B T
B, IRFEHE S I TR AR A B el BRI A
A2, DI R A PR il i T A P IR e =

2L AEE S
1 RS
1.1 MRS
FEARIBR A SR H IV ] FHYT RS JE 52 1,
BEBEIRIFE SR —ER, 2~4 B W IHEPEGEA 3 3k, JE SR
1 h HCHTBR AL, P15y alibese A [ 3148, F3H2y 500 g,
Tk 5507 [0 SEG = R B T80 °C; Bei Ak (B
AN =€ I N =1 N = S SN 1 e R S
J RS AAT A8 LA e A= S 1T s Sl fbsm . SThr . £
BERREN B AN, T T IR IO A B 7] SR — A
. BEIR A AN . A OTR . 2-i A R Lh 2 | R
I s3dral, siERTi Rk b2 AT R AT .
CL22Q1-405] ZThRerEMEY" | ZREMETER
wrfilidE A R F; BiE PHS-3C Y pH 11 R
Bl 28 AT PR F]; CM-700D 2. 254% i Je R 2EhE
IO BRSF] s XHF-D oy ies T2 4
YIRS A BN 75 Centrifuge 5804 R Ehid A7 55
DL FEE Eppendorf 23 Fl; V-1000 284043656
T BZEANES BB BRASF]; F-4700 285643006
T HAKR ST H ST AR R E IR =L T,
1.2 EWHE
1.2.1 JFURHAWIALEE  4E4- 1A 4 °C fBER, Y5k
53 6 cmx6 ecmx2 ecm Ay AIB, BEERZ) 100 g0 HRPE
TS 56 52 B TR E O ST AE A IR R T ST, 4 °C 4y
HMEH 12, 18, 24, 30, 36 h, MEHIWECT7: 44 A
100 g. 53k 3.2 g(60%NaCl, 30%KCl, 10% £
BREM) | 7K 30 g.
1.2.2 EIEARFEFTE  FFINA 500 g FE4- 1A,
40 g ¥ . 20 g B . 12 gBE . 100 g & E ¥ AN
50 g AR B at R, &8k S T DL/ K
60 min, ;& il 58 S PIEES H I T8 2 AR EERRE AL
BEREARTARAE, 24 h PNIIE S
1.2.3 &M R
1.2.3.1 pH Z:Hd GB 5009.237—20164 £ & pH H
B RE UL, B 3 g FEA I EIRE, N A 10 fEARFLY
KCl1 %% (0.1 mol/L)5J3, #+E 30 min J5I%E pH-
1.2.3.2 @F KRR KSS HIELAEET, R
FRrE2EONERERFTRIA LE. o (B b™H, 50y
FESRAE 6 YR, 45 SFBOF-H4IME
1.2.3.3 PHERENM SBHHGESE"Y 1Yk, isE



<78 - £ Tl B4

2024 4 8 A

ek, HX 5.0 g VIREAIHEAFANIA 25 mL 0.04 mol/L
pH6.8 iR 2% v ik (Phosphate buffer, PBS), 5000 r/
min 53¢ 20 s, 4 C ## % 1 h J55.0>(3300 r/min,
30 min, 15 °C), FHIEL4GTUE FIEW, H iR PBS %%
% 25 mL, ME 525, 545, 565, 572 nm ALY
B, BHWLLIEE A (Total myoglobin, TMb) | & & ALLL
# 1 (Oxymyoglobin, OMb) . = £k AILLL 2 H (Me-
themoglobin, MMb) & &t 43 Il #% (1) . (2) . (3)
T

TMb(mg/g) = —0.166A,,+0.086A 5 +0.088 A + 0.099A
x (D

OMb(%) = (0.882R, — 1.267R,+0.809R; —0.361) x 100
=X (2

MMb(%) = (=2.514R,+0.777R,+0.800R,+1.098) x 100
X (3

:T:E: EF': Rl ﬂ\:’ A572/A525‘ R2 j\j A565/A525‘ R3 j‘j
A545/A‘525O
1.2.3.4 ZEAEWILR HEREERMKISFIFFREICH
Wy, 90 °C KN . PAEHLOGIREE IS E] 70 °C IFHL
H Ve A 3 =R R AR 25 R K Sy, FREIC N
Woo ZEEIRISFIE(D T,

W, —W,

AR (%) = % 100 A @

|
o w, HZEERT R (g); w, HFEAG i
(g)o
1.2.3.5 JBifgdetE  SREREH RISEM I mEEE
2, B AR A AT 40 2 emx2 emx4 cm B A B, fif
FH P/50 5k, IMETHEE 1.0 mm/s, MEHEE 5.0 mm/s,
M S B 5.0 mm/s, Strain B, JE4E 50%, filik 1
5.0 go MGERERE . PP PNIRTE. BhTEFINE IS PE
5 M FEkR.
1.2.3.6 mASRIE =% Li SR sk, A B
B BREERE SN 1 mm, ESAEIEEESA 20 °C, Lk 2.0 °C/
min HARTHEZE 85 °C, SEAFHI AN 60 s, BAE 0.25%,
PHiEE 1 Hz, W GMEF G"E.
1.23.7 BREEN  BREESSEHE TR e
Jike 10 ZRCETEE N G143 X E AR P
FESANL AR LSBT TG R XU PO T A
BB .
1.2.4 JERr4fbdstrs  mif b Z 2 (Thiobarbituric
acid reactive substances, TBARS ){E I & == REMFIL SC
ZEU WY IR REE B M. B 5.0 g DIRRAY4ELR AL, TN
A 25mL 7.5% =S 0.1%EDTA), 3000 r/
min &J3¥ 1 min J5&5.0>(5000 r/min, 5 min, 4 °C), B
VB pE, B 5 mL 3N A 5 mL 0.02 mol/L %t
R Z % WOIT IR G 5, 100 °C 7K ¥ in #4
40 min, A EE I E 532 nm A1 600 nm 7 AL 1

JGH. TBARS {EH##0(6)H5H:

TBARS{H(mg/kg) = 4.65 X (Asy, — Ago) A 5

s Agyys Agg 23 A R FE S TE 532 Fl1 600 nm
Ab I SEAE -
1.2.5 HEHAAEFER
1.2.5.1 WL 4T 48 H (Myofibrillar protein, MP) #&
U =% Park 1 IR IERSEIE . B S g HE
A HNEEINA 4 AT PBS(pH7.0, 20 mmol/L, &
0.1 mol/L NaCl, 2 mmol/L MgCl,, 1 mmol/L EGTA)
VK ¥ &) 3% ( 8000 r/min, 1 min) 5 & .0 15 min
(2000%g, 4 °C), Frf3-UTIEN A PBS HE#AE 3 K.
B —RECIEUIIES 4 51K F 1 0.1 mol/L
NaCl ¥ AI3K, H 4 JZ20A0 0085 P s O (S5
), FBUTIERI S MP (4 °C R, S FH X4 IR
W72 2R AR, ITAE 48 h PNSEREE H T AL FE R
MR
1252 REESE SH3CETEEN % 1 mL 2 mg/
mL i FE A E KA 1 mL 2 mol/L HCl % % (&
0.02 mol/L 2,4- _fi¥FER M) 1RS]S #EGHHE 60 min,
A 4 mL 20% — & LREW, ¥2251)5 5.0 5 min
(10000%g, 4 °C). 77 I3, F 2 mL 4R ZBE- LG
WPEHDLTE 3 K, ZJE A 6 mL 6 mol/L FhFE AN
WIET 37 °C JK¥ 30 min, BHSTE IS 370 nm
AR I R TS VR PR A

x10°xn

X 6)

K Ay MFEMAEPEES 370 nm Ak IR SGAE;
C NEHBERHE (mg/mL); D HILA EHAE, 1 cm;
22000 A FE SR 2 5 22 L (L/(mol-cm) ) s n I #6 B
L, 6
1.2.5.3 SEiALEE MRS i, B 1 mL
2 mg/mL B FHBERINA 4 mL JR 2 -SDS B (&
8 mol/L JRZ, 30 g/L SDS, 0.1 mol/L PBS, pH7.4) fl
1 mL 10 mmol/L. DTNB % #% (¥ T 0.1 mol/L PBS
F, pH7.4) , kG B 15 min, I G2 5 WAE WK
412 nm AbBYGIE .

A
B S (ol /me) = T
BieAE T i (nmol /mg) C x D x22000

A, Xn .

13600 C = D
o Ay, FFEMTEFAS 412 nm AR HOGIE;

n AR BAEEL, 55 13600 4 BE JR 7 56 & %0 (L/(mol-
cm)); C HEHHKREE (mg/mL) .

1.2.5.4 FWEFAME =% Zhou 7 By 1k, B
LA 2 mL 2 mg/mL £ HEE W AT 400 pL 1 mg/
mL IR, IRGEIR SIS E 4 °C 6000 r/min 254 T
B0 15 mine B 1 mL L MR BE 10 fi5, 7EBE
595 nm AL SE FLOSGE . L PBS AU R A G
ATAREIREE . Mg rE LIRSS SR, $50
()5,

MRS B (nmol/mg) =



%453 55 15

PR A W RO AL A ARG PR A B A A SR AR PR R 79 -

A —-A

o Ay Sy PBS WOGIE; A S EE RO CIE
1.2.5.5 TRMEAR SR 2% Li F pJrikmn
&%, MP #EWAMIER 2 mg/mL, SRV G0
I E S AR ORI 325 nm, R BT
420 nm 54 R B OGIR BE, BR4E N 5 nm, MR
400 Vo TRRINAE Sh Y 2R I R & B LU XS 9O 6H
ESZINS

L %200 2 (®)

HIXE 7 HAH(AU) = Ag“”“ S C))
U A T INAE B S T OGS s C AR
SR E (mg/mL) .
1.3 HEAIE
FH ARG FEEME 3 K, BOPIIE, Eoi -
{8 by U 22 2 N s 4k B A Microsoft 2016
Excel; & 35 M 4387 d FH SPSS 26.0, DL P<0.05 £~
2= 5 W2 FRLE#H Origin 2022,
2 HBRESH
21 BR&ERSH
2.1.1 fEdIEt R S ARENFE A IR pH 52 SEE
H et R AR BRI Y pH A 5.7~6.61"71, mHIE 1 A4,
R 25 T o) BF ) 386 0, 44 09 pH AR fb AN K, 7E
5.79~6.29 Z[a], FEAS LA o PR Je YR e 7)) pH 7 [
PN, U8 F ) B TR A G AR B TEE T T R % 4 AR TR
pH FEIAEVIN, X 5 José45R0 fUfiff ot et s h—ak, 7EME
WL, RIFERY pH BEAR S 1 345,30 h 55 12 h
FY pH 777E i 35 22 5 (P<0.05), IX 1] & Tl =
FEWFIR AN 52 55080, e R P TR T A R,
JHERIRAE LR T a9 HUE A RS pH 3K, 36 h B, JIL
PR P4 G SR IR A o D T B M7, I A A i LR
i pH JF4fH R4

’ a

b ab ab ab
//%7 %

- 2 Z
6.00 ) O - O
Z Z Z Z
2% 77 7 % Z
2 Z Z 4 G
77 4 Z 4
4 4 44 Z
jas) r 4 G 77 7
5 500 O 0 U O
7% 7 7 G4
7 72 4 7
G v 7 7
4 Z % “
4.00 + v 7 Z G
. 7 7 % G4
7 7 Z 7
77 v Z 7
7 T N G
Z 77 Z4 G4
7 “ 7 G4
L 7 A 2 7
3 00 7 /// 7 Z
. A G 44 “
7 7 TH Z
7 7 ZH w4
I 7 2 v
% Z 7 Z
.00 LZZ 7 # 7 7

JHE I TR] (h)

P D 52 S R BAHEAF Y pH RS20
Fig.1 Effects of curing time on pH value of complex low-
sodium yak meat
He: A REFRR 22 57 35 (P<0.05); 1€ 2, &1 3. &) 6~ 8 [l
2.1.2 i A 1E] X 52 5 AR s e A P e (B2 L TR
ORCEERIRN A I R B R T
it R B BRIV, 4R P G R] AR AL 2R S VT -
A 2(a) RIS, BB 58 LE. o (ERERE

Jiég il Bt 18] ST Br i sh, LB 28.80~36.11 2 [H],

a{H7E 14.89~19.56 2 [d], 18 h #1 30 h 1y b (HEAH
2= F(P<0.05) . «MHS5ULAFHILEH (Myog-

lobin, Mb) S ALRAS . ABXT LB B 2. HE 2(b) 7T

0, B RS B AR 0, RIEERY TMDb & &F1 OMb H
Sy He SRR RS, MMDb G4 Fe S 5 T

B FEEEEIE AR, RATEY Mb B A

e K, S ECA RE TP i TMDb & 1 190 42 T 35 i 20

(P<0.05), 1 12 h 9 0.057 mg/g [FFIEE 24 h 1Y
0.047 mg/g, 36 h [F{KZE 0.037 mg/g; OMb H 4L &
AT T REEITIC W 22 5 (P>0.05); MMDb H 43 Lb

Frt 12 h (9 45.36% RBEHINE 36 h 19 56.91%(P<
0.05) . i FHEd LB P oRFR4L =, Mb 5 O,
P LGSR S EL1 (5 OMDb, OMb X E— 5948 4k
LA MMDBPY, 55416, BRI EALJE: Mb {2 ik
EZ—, IBE b= R 3 AR YA

Yy, 23 Mb 11 112128 3k 5 880 25 2 vl S| Ak, o
A E S MM 2B BLER PP, Mb (RS T
AEXT HE B A 2 5 e PR e ) SR 22 PR 3R, (REARF 5

71, ol bHS Mb ZRfba#EIFATE 2, Ui ¥
FEA= P OIFIA W GEAZ 211 £T 2255 FHAM DR R A2, 55

S1, FEA R R I A BT . B

BT REFE TS T ISt A A B B9 (B0, 380 Ui HY

M) LH. o (EESA 8.

(a) 50.00 - ALl

SR
=0
ab

40.00

[

ab ab

o

%

30.00 - ¢
i

@ 20.00

NN

7/

mm;

10.00

\\‘\\\\\\‘\\‘\\\\‘§\\}‘\\\‘\\\\\2\\Q
o
o
AL
©
AT

7277722
=

ALITITTTIHnid

0 ZA 7N A§ 74

12 1
JHEHRIIRFTED (h)

3
)
=

3

S
W
N

TMb 170.00
OMb
B= MMb ab a 160.00

(b) 0.08

TMb (mg/g)
OMb., MMb & (%)

12 18 4 30 36
g 1] ()
P2 I D0 5 S AR A R A PR R (8 L Y (R
YRR
Fig.2 Effects of curing time on color parameters and color
stability of complex low-sodium yak meat

2.1.3 il i [a] 0T 52 SRR AR A PR ol A 2 A AB R
AUSENR  ZRA 3O S T HILA S SRRk BE ST, e



- 80 - £ Tl B4

2024 4 8 A

R A PRI 0 Tk A vy Ot A o 3R DA R e 2 1) S
Ban S, XTI T A g2 B e EE . K 3
TTAS Y, B T S s ) A28 i, B2 A Bl 28 & 0
BT I/ N (P<0.05) . AEHEERAEES L el fn
BAEMEH] 4 h BFK S gk B . AT,
ZEFR I RMAEEH] 36 h B AR, IR 11.87%,
12 h BE R T 51.69%(P<0.05), ASWFST 582 5%
BB oT 4% HAH 258 0T BB S IR} P i R AN ] 3
. BEHE IR ) A8 0, NaCl 76388 R IE R
ZRHTIE ANLA PSS, MP L ERER ARG, 4E4F PIAIK
WIS /K 5324, [RIBE AR S AN 7 i AR R el
HA IR KM, $6 s RS SR E R, 35
[RIWE RS T 4 E4E A 28 8RR

30.00
a
25.00F I a
%
@ O
> 20.00 | ////;///%/
.
G b
//// Z U
2 1500 ) wmy
S . G4 Z# C
¥ -
; 7 7 7 %%
& 10.00 1 0 U4 Vi _
7 % % T
) Z 4 7 Z
7 7, 7 4 Z,
500F | 0 00 4
. Z 7 Z G %
78 BN BE )
0 7 7 7 4 P
12 18 24 0 36
JREIS ] (h)

P 3 el )0 52 5 IR R A4 P ) it 28 2 G B )
Fig.3 Effect of curing time on cooking loss of complex low-
sodium yak meat

2.1.4 BRI ]SS RN AE A IR I SR R
P TR AR REAS I B B Y FUER, SRR R
PR FRE Y, 3 1 nl 1S, BEE I BN, 24
{RANAC T IS T 344 P B SR, BRI i
BE . FEPE L MHIEA: R (P<0.05) o FEFEAR R AE
BEAEFIRHAEIIPE 36 h BFAZIEK, 435108 2651.87 g
1 1710.81 g-sec, 3xX A G842 K S i B iy A AL i AR 1
R SRW, T RS A s ) — RSS2 SRR S A A
B K i 2B IR B [RIEsT, d R T DU A4
FABEI SR EE, (5 4E 25 1A 6 B HIE I PEAR A, SR T
S A 5 FRALNR AR T A T 2 sz, AR
ShBONE AN A . RN T R T B S A R A
AEWIE R GrF AN, ORI, BEE S
B ARANEC T e A TRT A e R, PRVRE A SR PN SR
BUE LR s, (H22 R AR B3 (P>0.05), Ui Hi it

[EIXF R P A3 . NSRRI K
2.1.5  JHE ) s )3 S A5 AR AR A A i A2 e e S i
fEREALS L G/ M WRR A SRR i, AT LA B 8 o
AOEEIERE T, 3B E THEE R P GHEL, nT RAHEN B
5 T A BEBEIR S A IRSE VR, Gl AR BRI E
JyB . IFERIEE G XK R, Sk 1A
mn PR PERAE . H B 4(a) . (b) ATAS, AR [E] Y
GMEAAL I ZARRL, YI7E 50 C Z24 9T 4G BT, WLk
HHA AR T IRAE, WP IE AN B BRI 4t A4, B
WLERER 11 RS F A 52, E5 1 IR0 285 95 s s gl DA 271,
GBS T B, 5 7E 60~85 C il B T+ S BUULER &R
F A I BRI B R iih PSR A, SR R 52 s, 12
SRS SE FLss A B A )7 — AREERC S A, G TR
T e GMER BRSBTS B n T A
TR, H GMELERANTHE SR P IR 2T GME, ¥
IITE IR G R b, PR BEAR R A BRI L s T
TEAS TG P25 2H P BE e GM{ELREREH I Ta] B2 AR B2
R dAy, X ] RE S AEREIR BN S LR E 1 g B AN
FAFRE MRS S,

(a) 60000
- 12h
| - 18h
50000 7 o4 -~
~ +30h M
£ 40000, 3¢p »/f",
1 2
© 30000 - ol
& 4
= | o
A 20000 .l:;x'
“Hm-*“g:;&‘
10000 - MOOQQQOW'QO"""
o
20 30 40 50 60 70 80 90
L (°C)
(b) 6000F . o
- 18h
5000 - +24h ask
_ +30h ool
s +36h «
£ 4000 | jaasasrasnan, £,
ﬂ;ﬂi .......... 4 it
St U e
".\E 3000 ::;:hvvvv"f,:::?‘A ey
= L
2000 Tt
1000

2I0 3IO 4IO SIO 6I0 7I0 8I0 9IO
TR (C)
P4 AR A S RN PE A A il A R A REAS 1 1028 Ak
Fig.4 Change of energy storage modulus and loss modulus of
complex low-sodium yak meat during curing process

F 1 M 1A S A A PR R R PR 52 )

Table 1 Effects of curing time on texture characteristics of complex low-sodium yak meat
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