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H E 4 A5 H14 200, 400, 600 MPa A2 /R 4L 3E 480s, M 4°C A4 TR 0. 4. 8, 12, 16d B AR,
pH. #AH. &F. TAREBAEANLFTL, UK THGELESHLFALBEP A LRG0, ZREA: &5
EAETALERRERPALFAGEZEH, EHELMEE LR A E (total volatile basic nitrogen, TVB-N)
(P<0.05) , ERBEAH, BB2EH 4~8d GRRIFHEBEFANEESR R, 2R ELEEHRFNLYE, bAE
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Fe Ak (P<0.05) . Lk, BRHEEAE B LR TEORBRANL, "L RNELWEN A A THRFR
FHG R ERTEREET R, #mm#%%mé@ﬂ:m%i, XATAL B A A S A A T 8 AREA L,
KR ARG ELZ (HHP) , A&, & 4R 84k, IR AL, 424 R

hE 9SS TS251.5 SCRRFRINAD: A XEH{S:1002-0306(2023)06—0351-10 9
DOI: 10.13386/.issn1002-0306.2022050020 AT T i

Effects of High-pressure Processing on the Storage Properties of
Yak Meat

CHEN Lamei, TANG Shanhu®, LI Sining, ZHAO Jiaying, LI Qiaoyan

(College of Food Science and Technology, South West Minzu University, Chengdu 610041, China)

Abstract: To investigate the effect of high-pressure processing (HPP) on the quality of yak meat, yak meat was processed
under pressure at 200, 400, and 600 MPa for 480 seconds, respectively, and the sensory, pH, microorganism, color, protein,
and lipid oxidation of yak meat stored at 4 °C for 0, 4, 8, 12, and 16 days was determined. The results showed that HPP
significantly lowered the total number of colonies and total volatile basic nitrogen (TVB-N) during storage (P<0.05), and
extended the shelf life of yak meat. Yak meat was well preserved for 4~8 days from sensory perception. The L” and b°
values of yak meat with HPP increased significantly (P<0.05). The a” value increased significantly at 400 MPa (P<0.05)
and remained at the highest level throughout storage, and the contents of various myoglobin (Mb) in the 400 MPa group
also demonstrated excellent meat color stability. Whereas the a” values decreased significantly under other pressure
conditions (P<0.05). The carbonyl content and surface hydrophobicity of yak meat myofibrillar protein (MP) were
increased, while sulfhydryl content were decreased, and TBARS of yak meat were elevated. According to Pearson
correlation analysis, pressure, protein oxidation, lipid oxidation, and microbes were all associated with changes in yak meat
quality under HHP (P<0.05). In conclusion, although HPP accelerated the oxidation of protein and lipids, the use of
appropriate pressure was conducive to maintaining the meat color stability and sensory quality of yak meat, providing a
reference for the application of yak meat with HPP.

Key words: high pressure processing (HHP); meat color; protein oxidation; lipid oxidation; yak meat
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FEA R EAA =AM . IRIBTT . RO AU URE
SRR PR, FEA AR S L N T B A R ATY
FEAERAO 5 T 25 A% | Sk = A A 2 (n) i, H A,
B2 5 g Ty ik TSR MG R AR R AL B AR
ZEE M o, A A — IO A ER I
R, TR I T A5 AR R4 AR, PR,
100~1000 MPa J& J7 &b BHAT 35 SA [F 2 B 19 KR4
B, B R R 0 BT L AR B B IR AL IR
RITHACT A, #E e R AL AR HEAT R A 35 2 P Y
DIRERFEN S, (R, b S R AR FR T A S A
LEFITUALR | SRALAE B S AR R i), {8 i R B TE
P il i T B R A2 B BRI . il an, 24 ke it
300 MPa B}, P05 H B 38 gy ", 6 ) i
400 MPa B, A0 2 IKEE S, HWFXRH, 94

200 MPa HFHILshBEREE 1451, 400 MPa Hf Mb A8,

=T 400 MPa B4 G ILT A 1 (Oxymyoglobin, OMb)
EAk, SR NLLTEE 1 (Methemoglobin, MMDb) Fu3) &
BT, [EEY, 21T 300 MPa B, AR XK
i T I E R B, (B B R UE TR AR,
R e RN 2a e NI B U S R R [ s A S E 2N V. 7 i
St Guyon S5 A A E AT LAS SR BRI 15T
SRR AT ROME AT, IfaE e 3t [ AR 3R AT Bk in s 4R
1k, ST AR LA TR .

HAT, 2 THE AN 4Rt 3Rt S E
A HRE et A v BRI SR A R 2 4R E, H
Ji, AR AT A R A i R AL S e AR P
AR ERAGARENE A R E AR S . T A
i AR ZR 02 2%, AN [R] SRR ) PR ] A JR S B 9 AR £k
ASTEL, T H R B AR B AR AL AS B B . PR,
AT IAS )R ST A ERAEA PR, 38 30 s I o A v
FEA4- R A ERALARENE | 8 L RUIR T S A LA B E P i)
ARk, BRVTFE A PS8 i FEARFRJS K 0. 4. 8. 12,
16 d ry B Ak ST AR A, Al e R AE R AR PR AR et
VL BAEA PSS i R SRS
1 RS
1.1 MRS5S

FEARA DT )48 B 21 B i R PR,
FEAAELU R AR R S, O, 22V SNHEmR AL 21
J&,—4 C iz RIS T 4 °C T Na,HPO,,-
12H,0. NaH,PO,-2H,0. MgCl,. EGTA. 2.4-_ 4
FEORME(DNPH) . G005 . 1R W . — 518 . iR
SRS, IERBHE G2 A BR S H] s 3R K. SDS. IR
= Srpral, 8 E BioFroxx 4 Fl; 2-mf G EL FL 2R
(TBA). 5,5-_#i3%-2,2- _fFEPEH R (DTNB) 473
ral, g st A A RS |l PG TSR ol
WAEYRFIA R e B EALE(12%22 ecm) . w2
FREAE(35%50 cm)  JGABMSTHOR S A o

HPP 3-5L & R K iRs  kBHE & ER
A BRFAT A 7] TA-XT Plus Bif4{%  2E Stable
Micro Systems 4\ 7] ; CR-700d4/600d {4, 224X H 7

Konica Minolta 2 F]; Centrifuge 5804R = 314 I 25
DML fE[E Eppendorf 2N Fl; T-25 Rl SJ AL 18
[ IKA 23 5] ; UV1810S 24143566 EE i1 . PHS-3C
R IS EMY A ERA TR F]; DHP-9052 Hi,
PIEIRIEFEFE IS RBFAES A BRATE .

1.2 SLWHE

1.2.1 FESATALEE 225 Wang 250 07 B2 IFm8AE
P, XHEA B T E AR BUEA S IL R
W . I, Sy E 2.5%2.5%3.0 ecm ZE A7 K/ A B,
SRR IR As N B As A48, 7548 50 g, P2 B A ZH
3 ARSI T AT E o X RBLH AN T AL B, AbFHZH
PR E TR & R, B340 5155E 8 200, 400,
600 MPa, # i FARE 480 s, 1L EA Fi /K (IR AR
FEAE 20+1 °C) o ACFHSEEE 5 FH /K AR TR 3R 1m
K4y, B Sr =R TR AET 4 °C vKFET, 4
FIMAE 0. 4.8, 12, 16 d WIASH BT

1.2.2 BEIHMY  BEIIMRES S 2 SCOREN 1
TR IS . B RS/ 10 B EM Lk
AR AR 2 A, BRI ATt 551, BGRIPA N 25
FFTHARUE (UL 1) PR BHERE A B S itE A 7, A
HAREEAE

#1RETERE

Table 1 Sensory scoring criteria
mH Wi P4y
PGB B35, AOLRE 9~10
; PG EELT H 5T, AOLRE 6~8
iE(10) e Bt L L -
WAL BRSO R 6, R 3~5
PR IR I B TR A £, TEOLIE 1~2

LSO I, SM R s O, A BT 9~10
LSO, MR KSR, A FTF 6~8

HEURE(10) , .
WA SRR AT, MRS K, BT 35
WA BB A3, ShR kL, ZiF™E 02
PG, 18 R MG S B 9~10
HHE10) BAPEAET, 76 R 156 S 18] P A2 6~8
e — P, 36 R JG MG HEA A REIR A 3~5
TeafE:, 35 R S5 M54 BA (5 0~2
BB AR R, TR R R 9~10
ek (10) E—E%ﬁ#ﬂl’ﬁ%ﬁ%% %7‘%%‘ 6~8
FEAR ARERIR, BT SL L IR 3~5
SR BRI 0~2
Al 9~10
AT (10) ?i;fff j:j
ez 0~2

123 pHIME =% Huang U 0y Jr L B AE
ek, B 3 g BESRINA 30 mL 25 T /K (pH7.0) /1,
10000 r/min #J/5T 30 s /5, B3RS 3 IREEIIE .
1.2.4 TVB-N & EMIE SHZEHEEEVT T
B, YERMAREL 5 g PIFES 22.5 mL 2.2% =425
3% (12000 r/min, 60 s)J5E.0>(4 °C, 8000xg, 10 min),
W EWEW 5 mL & TP HULSNZE S, 3 mL SRR UL
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WP UL N 2, A S E B3RP
FAHNE P FEIA 5 mL BREREFF W (10 g/L), %5 &,
37 °C W5 2 ho f#] 0.01 mol/L ELFRE & PN =AY
MR AR, H AR 2 R AE (0, Il THFEAYER IR
AR T TVB-N & (mg/100 g) .
1.2.5 B BEME =% GB 4789.2-2016&
i 2 4 R GRARUE B T A ) A A B0 R 75 A S0 5 ) o
1.2.6 (EMNE S35 Tomasevic F' T IAIF
TR . O2Z{CRA] D65 G, 8 mm fLAE, TP
AR 10°, BBMKIE . MU IE GBS 2Bt
e, TOHUE T iR, BEPLEE 6 10 v &
BEATINAE, TCSRPESR Y LY, a", b™(H .
1.2.7 Mb & & ZAREWME =% Krzywicki”
FIDT RIS EE M, B 10 g AR, I 5 f5F (viw)
) 0.04 mol/L 11 1% 1'% 4 2% vh W% (pH6.8) , = it T
10800 r/min ZJ3Z 10 s, VK¥F 1 h JFELx(4 °C, 1000%g,
30 min), ;I E EIEW, 7E 525, 545, 565, 572 nm Ab
M E W GRE

DMDb(%)=(0.369R ;+1.140R,—0.941R;+0.015)x 100

OMDb(%)—=(0.882R ,—1.267R,+0.809R,—0.361)><100

MMb(%)=(—2.514R ;+0.777R,+0.800R;+1.098)
%100

P, DMb, OMb, MMb 43 51| 5275 it SEULLT 55
A&E. AAaEAEE. SENaEAS® R, .
R, Fll Ry S BIMRRIE SR EUAE: Agrn/Assss Asgs/Asyss
A545/A5250
1.2.8 WUFEF4EFE 9 (Myofibrillar Protein, MP) i32
B =% Wang 5P 05k % 4 51K (viw) 1
10 mmol/L B 1% £k 2% vp % ¥ (#% 0.1 mol/L NaCl,
2 mmol/L MgCl,. 1 mmol/L EGTA, pH7.0) % Jill ]
10 g A, vKIB &1 F 10000 r/min 2J3¢ 1 min, 85.0»
(4 °C, 2000%g, 15 min), 5 _LIEWK, EEIZSEMR
W TEYS FRAME T H 45K (vvw) 19
0.1 mol/L NaCl VRHEUTTEIFESCr 2 IR, B8 =R BTk
il 4 2Lk pR L BRE 4 4121, DR 0.1 mol/L
HCI1 ## pH = 6.0, B0 /555 LB, I3 UL Bl R
MP. XU WRIZD E S5 I, MP LRAFAE 4 °C UK
B, 18 h I A .
1.2.9 MP BRILERIGME S35 EHRRERT 197
¥k B 0.5 mL & H# W (5 mg/mL) I 0.5 mL
£ 0.02 mol/L DNPH FY 2 mol/L HC1 &, 25 H 40
JINA 0.5 mL 2 mol/L HCI #&#, IR >IJE7E 25 C T I
% 40 min. MJE, AIA 2.0 mL 20% =44 ZBRIFE 0
(4 °C, 10000 r/min, 5 min), B 2= & W, JTiEH
1.0 mL -2 MR BRI (V:V, 11 1) PRH% 3 K.
JIA 3.0 mL 6.0 mol/L FhEEAAER, 7E 37 °C 2514
IKIE LR IE 30 min EMREULIE, LAZS HE X R, 78
370 nm AN RE e SR, LLEE SR S FR L 22000
mol/(L-cm) A S ELF = (nmol/mg) o

1.2.10 MP HZEEEFEME S5 THEHEE 197
72, B 0.5 mL 2 HEW (2 mg/mL)AKKINA 2 mL JR
#-SDS % (% 8.0 mol/L FRZ, 30 g/L SDS, 0.1 mol/L
W2 4N 2% v %, pHS.0) A1 0.5 mL 10 mmol/L DTNB
W (F#T 0.1 mol/L BEMRENZE v, pH 8.0), 25 H
HAFE DTINB, il A 15 min J&5, 412 nm 4201
RE WL, LUEE IR WG Z %L 11400 mol/(L-cm) 334
HiALE i (nmol/mg) .
1.2.11 MP EIHHKPERIE 7% TSR 1)
I, ) 1.0 mL S5 HEW (5.0 mg/mL) H A 200 pL
1.0 mg/mL AR, 1RETE0(6000 r/min, 15 min),
B _EYEWAEAT 10 5F RS, DAJCER (B IR SR i3 A
25 IR, ZE 595 nm P AR E WOGEE , DATR 9
g ROk IR RmHK e (ng) -
1.2.12 BACE HFRIE(TBARS)FUIE =% Huang
SRS [y, B 0.3 g PARE, IIA 3 mL 1% TBA ¥
WA 17 mL TCA-HC1 15T, 90 °C 7K+ 40 min,
BRI 5 mL &4, 2504 °C, 3000 r/min, 5 min),
B _EVEWAE 532 nm FISE OGAE, G5 R Fm NRT
TEAREI TN S (MDA) U ZZ v 8. BEIRTN G FR B
A 152000 mol/(L-cm) .
1.3 IR

P FEPREEME 3 IR, 4559 LASF I EEbrfE2E
e RGBS B2 11 2R A Excel 2019, 2R JH SPSS
24.0 PFTEHME . FrvEZE . ANOVA 522504 AbT
ZH %0 2 6] R Duncan 22 8 AT B 35 M50
BT, KA P<0.05; 2R Pearson AHICHE ST X

SHRAHSEN: ST BT E R Origin 2019b 231l .

2 BERSHI
2.1 BEELEMNELARE MR

BB PP S d BT B 42 PP PR I 14 v o
FH & 1 AT, S8 e TRAR BR A 4R 2E A, FEAS R e
(BRI IT AR b . G0 i R A B R A A 1 JEk
BV RS R RITR N; Cmebis 13 R R IR
AR ML (200~400 MPa), 24 J1 8750 (600 MPa),
AR RO isE (a, SRT AT ES Ry 507 78,
400 MPa ZHA4E4 AIZEN 6K 8 d Je /B i B AR e H Atk
HEEAE, X UEIHIE 24 A0 N R AL B BB A P TR, B
HARERTEEH—2L8E . SXTIRAMELk, M%)
A1 200 1 400 MPa Bt $E2F PR EE T R AT 1) (05
FIHLBURES, H 12 d FREEY R EA K, JRF A
A I A R SR BAIR T RISz . YR
> 600 MPa B, FE4-PIZEER 0 d B gt BB EH B 454F, i
ZHER LA FAT, 3X PTG o R 2R e Ak 3 300
22 BEELEIFESE pH #9520

pH &R i3 Rk ) | UE i E YA K A
B EZERIZEPY, HIE 2 s, S5 RELLAR B, BEE R
JIRIEE R, ¥R A pH 838 L FAH(P<0.05) . X EHTF
A R A B BR a5 18 kA AR Ak, TRt St AT el 1,
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Fig.1 Effects of HHP on the sensory quality of yak meat during
storage

(RIS ] PR 22 MR e A\ 0 At 5 & sk i, 28 ZEme e
FEITIVER T s fie, 530 pH T,

FE 5B BT, T R ZH A1 200 MPa 20 4L 4= 1A B9
pH BEAT N FE, 3X 1] REJZHERASTINIG, FLERF R ITEL .
5 25 7 9 st TR 113 S 1, X BRZH AN 200 MPa 4H pH i
FHAR(P<0.05) o X2 K S Tl A e R R TR ER |
WG BI, Fe A g eSS I, (W] B AR
THEAESSR, pH FHEP, 400 MPa 415 600 MPa
ZHAEA P pH BB RIBG InSe IS RS ey

2023 4F 3 A
7.0
6.8 | O3 XTHELL

° [ =3 200 MPa
6.6 - @@ 400 MPa
6.4 | 18 600 MPa

Aa
Aa Aa
6.2 Ab) A
§ B B Ab
BC¢|
pd B Be
Cc Ce
Dc,
4 8 12 16

6.0

5.8 ke

5.6

5.4

5.2

5.0

IR AL (d)
P2 AR BRI R AR PR A pHL RS IR
Fig.2 Effects of HHP on pH of yak meat during storage

TE: KB FREAN ) 275 A ) b BR2H | S [ Db 78 Ak ] 357 22 S
B3 (P<0.05), /NG TR Z R AT B0 18] | ANTR] 2k PHZH
ZIH] 2 57 .3 (P<0.05) 5 €] 3~I51 7 [F].,

pH

] pH E AR RESE B T8 1 B AR M 5 R B A Ak
29T 16 d B 400 MPa 2H 1 600 MPa #H 114 pH
JE R B AT B H T Al B AE 52 B0 5 38 TR 5 1
P, ARSI T A PR . BRI o728,
2.3 BEEAITEIES AR AR

TVB-N Rl ¥ S B0R T D734 2 i Sl T R
FEPO R 3A FIE 3B AT, 8 AL BRI T 4E
IR TVB-N & EAIEETS B4, 5 Chen %58°% Fil Sola-
doye FPY (IR ARW) G o B WS ] A SE K, 4R
2RI BEYE O TVB-N S8y 51 R (P<0.05)
B T A AR S B I R A e o, e
TSN, TVB-N S Wit 16 d B, XF R
#H TVB-N &8k 15.68 mg/100 g, #5655 15.0 mg/100 g,

—_
oo

[A

Aa
16+ D XHR4 +
% 4| £3200MPa Ba
g = 400 MPa o ab
5 12F EE600MPa oAb cAe
E o} e
it
&b
Z 6r
m
z
2.
0
12 16
101,
~ 0 coxtma 2
@ 8 E3200MPa T A
2 7f EB400MPa - .
O ¢ EE600MPa . d
% 5_ ‘be
% 4-E DaDa 3
Bl Dy b
Eii 3H 5 bCh G
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1.
0
0 4 8 12 16
I KA (d)

3 e e A BRI 0 8 v AR A R B B2 14 52 )
Fig.3 Effects of HHP on freshness of yak meat during storage
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AL HRLHAEAE A TVB-N S EET 15 mg/100 g, 55¢ , = %mﬂ[’ . = ggg ﬁﬁ:

[E, XF BRZH F1 200 MPa 2H 12 d B B 7& S 0c & T 507 - ] .

6 1g(CFU/g), 453k 7.57. 7.16 1g(CFU/g), ifii 400 ast . . [e4 )

MPa £H 12 d B EEGA 5.92 1g(CFU/g), 600 MPa . 40 ) .

20 16 d P74 %k 5.83 1g(CFU/g), iR & & 351 rorEiO Aot e Ol |

FIT R T, &5 I, #8= EAC PR REA S = e 307

LR PR E | SER AR, 25}

24 BEELCEEFAGFHNEMN 20 4 8 12 16
CEPEEEE N T E S AL R, RE 4 7] IR (d)

N, B RS, FEAR IR LT b EI R, YR Tt 141 S

(600 MPa) i, a (HIE/IN; W R4S 4H L, b AR 3 200 MPa

PEHT R TFRARE, o (LB, 0 d i, 8RS T = 600 Mo

Aa
b

Ba CbAa

i

12

C BbB

(400 MPa 1 600 MPa), ¥E4- A L™, p™H B 35 15 K 2 M,
(P<0.05), FIFAEFEA WU PN AR AEFF 7R = 1 7K F 5
(VLI 4A. A 4C), 3% 5 Bak %02 {1 BF 5% 45 5 4 H
Bl 33X AT HE 2 A i T Ak B 2T 4 455 44 15 4 125 T

PR BT AR Ak, S BRI TG AE G R AR T R " .
0 d i}, B K 1 FH i, 44 A o (BT e a5 R IR (d)
(P<0.05) (UMLK 4B) . iZ45H 5 Kruk 605 (yHziE A
Lo XRS5 MMb & AR 1bAT 56, Hh a5 77 (200~
400 MPa) 7/ MMDb [ iff 22 50 1T BER 300G, 4%
755 771 (600 MPa) F Wi 5 48 Fil MMDb B a2 31+
PP, IR 8 d B, 200 MPa £HAEA P o (H B R R
(P<0.05) ., WF5EH MMb YRR B2 o"(H FRER =
b e S R i b i) D TE A R S v | KA e =4 = K= R LT ERE
DE, R o (ERFIK . CEE AR,

BCa
Bb
Ce
d
16

I

=200 MPa 8 600 MPa
Aa

BCa

Ca

CDb

B

o L . 0 4 8 12 16
25 BEELIENESA Mb SRR [ S q0)
OPERZEAE S L oK I3 BPIRES . Mb BYSAR P4 i T AR OO I AR B2 P T 1 S
A C, FRIJIX Mb s 7, K s AL 5 Fig.4 Effects of HHP on the color of yak meat during storage
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