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Abstract: This study examined the silverside, striploin, rump, high rib, shoulder, and shank of yak meat. Specifically, the
differences in nutritional quality, muscle fiber characteristics, and physicochemical properties before shabu-shabu
processing, as well as physicochemical properties and edible quality indices after shabu-shabu processing were analyzed.
Through correlation analysis, principal component analysis (PCA), and cluster analysis, key quality indicators for shabu-
shabu yak meat processing were identified. Rsults showed that, the raw yak meat redness (a"), fat content, water loss rate
under pressure, gel hardness, shabu-shabu yak meat yellowness (b°), and chewiness were the key quality indicators for
shabu-shabu yak meat processing. A comprehensive quality evaluation equation for shabu-shabu yak meat was established:
Y=0.1644X,+0.0561X,+0.3630X,+0.1102X,+0.1609X+0.1453X,. This equation was employed to calculate scores for
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different shabu-shabu yak meat cuts. K-means cluster analysis was used to assess the suitability of various cuts for shabu-

shabu processing, indicating that high rib and silverside cuts with Y values greater than or equal to 0.61 were suitable,

striploin and rump with Y values between 0.50 and 0.61 were relatively suitable, and shank and shoulder with Y values less

than or equal to 0.50 were unsuitable. The regression equation, y=5.0914x—2.2958 (R*=0.8232), correlating comprehensive

quality scores as the independent variable with overall acceptability scores of consumer sensory evaluations as the

dependent variable, validates the accuracy of the quality assessment model in determining the suitability of different yak

meat cuts for shabu-shabu. This study provides distinct evidence validating the suitability of different yak meat cuts for

shabu-shabu, as well as a basis for the rationalization and standardization of yak meat processing.

Key words: yak meat; shabu-shabu; different cuts; processing suitability
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Table 1 Difference in physicochemical quality of different cuts

of yak meat
wh ikﬁ%)ﬁ% Hﬁﬂﬁ)ﬁ% %ﬁlﬁﬁﬁ% -
(%) SE(%) E(%) p

HNE 72.35+0.64°  4.88+£0.78"  23.01£0.41*  5.36+0.10°

] 73.29+0.94°  4.05+0.68®  22.01+0.6" 5.61+0.04°

JA R 74.46£0.50°  2.13x0.31°  23.36:0.24*  5.56+0.06
KEJRS  73.15£0.77°  2.59+0.80*  24.96+0.57°  5.41+0.08%

B 72.74£0.52°  4.00£0.85"  22.40+0.45%  5.50+0.10™

i+ 74.82+0.61°  0.88+0.14°  23.11+0.86™  5.76+0.13"
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Table 2 Differences in color parameters of different cuts

of yak meat

B SEREEL 21 Ha HREHD

SN 32.53+2.95% 21.16+2.90™ 10.00+1.87

ik 38.75+2.80° 24.64+3.16" 13.12+2.68"

JA R 35.01+2.84° 23.47+3.60 10.69+2.30°
KNS 34.58+3.50™ 20.7042.77% 10.47+1.43

B 29.70+1.58° 19.28+3.15° 8.50+1.70°

Ji¥ 30.69+2.82% 20.96:+4.25" 9.46+2.49
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Table 3 Difference in muscle fiber characteristics of different
cuts of yak meat

B WLEF 4 5 A% (pm) WA K (pm)
AN 25.01+1.96° 3.3740.07°
Ji+ 43.44%1.52° 2.5240.06°
BR 36.54+3.42° 2.54%0.07¢
JA R 21.80+1.37° 3.13+0.10°
I % 22.96%1.55% 3.16+0.05°
KR 32.06+1.48° 2.90+0.16°
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Fig.1 Difference in water-holding capacity of different cuts

B T

of yak meat
T ANE R R IR 2555 B35 (P<0.05) .
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Table 4 Difference in gel properties of different cuts of yak meat
HRAL BECHERE (g) BERS BEIRORE TR BEI AT (g) BEREEIE M (2) BRI (%)
SN 21.87+2.40° 0.65+0.08¢ 0.52+0.06® 11.37+1.24¢ 7.66+1.13¢ 74.62+2.23
g 49.61+2.85° 0.77£0.05% 0.52+0.04® 25.62+2.97° 19.78+2.58" 64.48+1.80°
BA 40.00+2.71° 0.86+0.07* 0.55+0.08" 22.39+1.81° 17.67+3.21° 75.87£2.12°
JA A 20.23+1.65¢ 0.730.06% 0.48+0.05" 10.05+1.33¢ 7.74+1.20° 68.06+1.54"
A 30.89+2.98° 0.77+0.03% 0.45+0.07° 14.49+1.23° 11.2140.75° 64.48+1.80°
PNV S 32.66+1.85° 0.84+0.04% 0.510.03% 16.82+1.47° 14.14+1 .46° 69.82+3.36"
F 5 ONIRIFALIER PRGN TS A S A R 2
Table 5 Difference in texture properties and yield of roast beef from different cuts
g 554917 (kg) B EE (kg) P R e (kg) NELAE4: (kg) 152 1 (%)
SN 1.80+0.24 2.20+0.22° 0.71:£0.09% 0.52+0.06° 1.51+0.29° 1.03+0.22% 0.19+0.01° 77.84+1.22°
T 2.13+0.18° 2.47+0.55° 0.66+0.07% 0.61+0.05° 1.32+0.37% 1.07+0.29° 0.23+0.03® 74.78+0.97°
HA 1.88+0.59° 2.17+0.59° 0.70:£0.09" 0.55+0.05" 1.15+0.41% 0.90:£0.20" 0.20+0.02 70.38+0.26°
JA W 1.960.30% 1.59+0.27 0.75+0.07° 0.59:0.04% 1.010.18" 0.79+0.14% 0.2140.02% 66.55+1.49¢
i 1.46+0.24° 1.57+0.32° 0.65+0.10 0.57+0.05% 0.96+0.23° 0.69+0.25° 0.19+0.03° 67.95+1.49
K% 1.65+0.37% 1.61£0.15 0.64+0.08" 0.61+0.03" 1.12+0.31" 0.73+0.25° 0.24+0.05° 67.10£0.57°
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Z—, WYY WLk LR R 1 B e bn . —ik
L BYUI T RAIS, AILPR A OB Ay, iz 22 D B
BRI S BT U ) 0= (P<0.05), BT
Bt Ru NS PIRiBY ) 1A AME . T8 IR FVE A
=T TG B 3 25 5 (P>0.05) , AS[RIHISE 22 18] Fr i
JE2E S, Al ae S WUS L4 1 & B AR
PO A M S R L R RIS B SR IR e 1
FEPE, B ST A IELNES ) A S AR R TR e
TE— L PN, MR B A, 3 R T R AR 11 Jge
JinA S WS, T REVEAE 3 TR AT
¥ BRI SMEABEBAL(P<0.05) . FAR . RBIERF
JE R BOGE B | e 25 P AN N A il 22 S s /NI HLARTF
HAMBFAT, B NSRBI M s, SME RS SR P E A
e 6 Wi, SNESEEEE LT, WHI4E A Pa ik
T REFREHAE WSS EEE L2580, (3 B3I
FAHNE R P RKERA B3 E b 2w T HE
HAENL(P<0.05), FHki. ZNE AL U5
B pMEIC R EZES(P>0.05) . LK. /B ATZERIG,
HATEAE o W BAKTAMNE . KB R ZK g1 (P<
0.05). 53 2 FE4- R R Y PR TXT L R IR, 22

SIS AR LR o IR T EURHA RO £0 R
E "o IXPTRER Tl fl B LA T g ULLLER
KM T AR, VLR AS LELER 1 B AH R & AT BTk
ARR, PRI SO S A I LA o A BT,

6 AFEIARALIHIRES A (L2
Table 6 Difference in color of shabu-shabu yak meat from
different cuts

HBA WHE L WIRSL e RIHS B (E
SN 56.87+0.61° 6.76+0.42% 13.41+0.22°
i 53.50+1.48" 5.48+0.40° 12.86+0.85°
JA 55.32+1.39% 5.3140.29° 10.95+0.97°
KE N5 50.92:0.83¢ 7.010.74° 15.07+0.05°
Lo 49.15+1.14¢ 5.75+0.76™ 12.83+0.86"
i+ 50.36+2.05¢ 6.03+0.49" 12.97+0.66"

TH 2B BB PR AR U A PTAIRR B 2 D Xk
TFHEAF IR NELERE 2 B EE, Z2 7P PR PE N A
A R AR A PRI P TR I YR e i, T
DRI D) S AR i EL N 1T JE 32 3] 1) % R R A VT
FEI6 e 7 s, AR AT 2 vE | IR DA K
Z UM B R e, S AR AL B A W 2
(P<0.05), n] gEJ2 T L AREB O AR & 4w, R
VEZA PRI FI PR i) it A SR A3, XF R T PR R R B R
W BAT 2 G E B VE R, AE—EYE BN, AT IR
Er s, U, 23t AR P
BRSO Se 24 L TJe 3 22 57 (P>0.05), it
Al RS W AR R U) R EEACA 1.5 mm, 23]
JETRRE ST TR T R, 3 PP BB 43 G A
FABRT2O BB TRHr S5 SR AT 0, AS[EIBBALAE A A
M2 i IR R SR AT A2 PRI — T TR A S AE
At AR R, TR R AELR P G R FT S RAN S
BRI,
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Table 7 Differences in sensory scores of shabu-shabu yak meat
from different cuts
. ; . Hefhn]
HBAL iF = EANE Y
A 0053 R 2tk NAUN P

SN 5512046 5.33+0.41° 5.61+0.44° 5.48+0.50° 5.89+0.13%
FiG 6.83£0.83" 5.89+0.52° 6.83£0.68" 6.26£0.95" 7.53%0.56"
JAA 4.29+0.83° 5.78+0.65" 4.74£0.10% 5.42+0.80° 5.13+0.81%
KEIRS 5.9340.61° 5.85£0.67° 5.74+0.74° 5.56£0.85' 6.11+0.67
B 5.26£0.35% 5.18+0.46" 4.25+0.32° 5.35+0.53" 5.35+0.18°
FEF  2.39+0.25° 4.94+0.58" 3.66+0.52° 5.48+0.50° 4.29+0.35

23 AREMCAFFEFAMTEE SR

2.3.1 AIEERAZAEA A b R AS PR B A R
A E R HIFE R OGO F I PR bR, B SEiT3as
FebRAR S AR, HA A TR i T aE B S i
P e 09— I 2K P . Gei T RN 8 Fow, A&
5 R BN T 7%, BT ERAL PR 2860 S i F B2 AN
K, DM 2578 53 B2 80T 7% BO4EF IEORHA pHL
HEHAT SO SEhE BUEAEE A ORGSR VR | W AE
PRI g S ORGSR L AR S S B L

2.3.2  AS[EIERAZAEAR PR HIN T 85 B8 AR 32 o4y
Bret s AIFTTILm 27 N HERR, SR PR
BIEFEAR T WLET SRR | B AR il T B
At o A B T TS AR, X LR 2 (8] T BEAFEAH G
e TS AT DRFE X SEAH S M AE s A R /D E
JUASASHESE R RSy, T i fb R 4L, T 5+
AEFRFNSIAT o FE RS S HT 45 R B AE R 9 Hh 4]
o TEMEER T, SEA R RSB i 5 BT He b
BRI 7 A FEFEASY . XS T S P RRIE(E I R
T 1, H BT 22 DTk R 538 84.714%, X EIRAE B
fITREA SRR IR b 5 B . & T FER5r5r
PrAZE e, PE— 210 T 2R 2R IR S ST E AR AL
=, BT RS2 R IS,

2.3.3  AS[EIFRAZAEAS PR HIN T 5, B Ae AR SR 2S00
LR BRI N TR BB 27 AN BT S AR
PEATERE, S r el &l 2 s . 45436 8 FiR7Ag
SERE 3K 9 PR BRI A AN A S TR AR AL
H 3R 10 I AHSC BTSSR, 28, % 27 AR
FabRIA R 5 2,

H 8 ANIFRAL R A AR R A b SRS R ST BT A R

Table 8 Statistical analysis of quality indexes of raw yak meat and shabu-shabu yak meat from different cuts

Eitan bkl SEHIH A5 (%) Eiztay Fiexsl EHME A5 2 E(%)
IR B 5 %) 72.35~74.82 73.47 1.32 BGERCIERE (g) 20.23~49.61 32.54 34.08
NI 5350 (%) 0.88~4.88 3.08 48.05 EEIREAPE 0.65~0.86 0.77 9.89
HE TR E(%) 22.01~24.96 23.14 441 IR TR 0.45~0.55 0.51 6.94
pH 5.36~5.76 5.53 261 BER M (g) 10.05~25.62 16.79 36.66
JERL RS AL 29.70~38.75 33.54 9.82 B E I (g) 7.74~19.78 13.03 38.89
SRR A 19.28~24.64 21.70 9.09 BERARK M (%) 64.48~75.87 69.56 7.02
JERL PR AT 8.50~13.12 10.37 15.02 59171 (k) 1.51~2.13 1.77 13.19
W4k 42 (pm) 21.80~36.54 30.30 28.34 T (kg) 1.57-2.47 1.94 20.27
WU (pm) 2.52~3.37 2.94 11.87 M 0.64~0.75 0.69 6.18
TR K 2.(%) 30.72~37.74 33.77 8.76 R 0.52~0.61 0.58 6.20
(%) 66.55~77.84 70.77 6.49 B 0.96~1.51 1.18 17.40
WS e B AL 49.15~56.87 52.69 5.77 RELAEPE (kg) 0.69~1.07 0.87 18.20
WS 2L 5.31~7.01 6.06 11.41 EE-2is 0.19~0.24 0.21 9.99
WS B REAE 10.95~15.07 13.02 10.14
K9 HEA PRI T 5 SRR bR 3 B b
Table 9 Principal component analysis of quality indices of shabu-shabu yak meat
T bTE R F 1 EN %) F3 F 4 F s F 56 F T &
Ko i 0.208 ~0.650 -0.207 0.440 0.002 0.167 -0.171 ~0.0936
B S = -0.002 0.152 —0.642 0.600 —0.044 —0.361 —0.055 —0.2542
R & i —0.545 0.547 0.082 —-0.493 —0.091 —0.070 0.086 —0.0539
pH 0.517 -0.608 0.221 -0.242 -0.022 0.307 -0.212 0.0946
JEURL P SE L -0.712 -0.203 0.119 —0.091 0.024 0.196 0.487 -0.0165
SRR A —0.823 0.006 -0.279 0.249 0.138 0.250 0.043 —0.1588
TR PR B B —0.756 0.124 -0.169 0.264 0.102 0.290 0.193 -0.0977
WLer 4t H A% 0.936 0.194 0.032 0.102 0.138 0.085 0.155 0.1768
JINERNES —0.899 -0.092 0.106 0.138 —0.189 0.132 -0.081 -0.1032
Wl S L L —0.764 -0.033 0.328 0.276 -0.152 0.123 -0.308 0.0067
WS 2L -0.051 0.628 -0.433 0.284 0.223 0.290 -0.126 -0.0756
WIS B A 0.139 0.609 -0.592 -0.015 0.054 0.335 0.043 —0.1546
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R
fn TR FR F g1 F 52 F i3 F 54 F s F 56 FW5r7 AN
BRI 0.940 0.068 -0.013 -0.072 -0.057 0.225 0.108 0.1059
HEME 0.580 0.124 -0.409 -0.481 0.07 -0.163 0.066 —-0.0903
BEROR R 0.454 0.518 0.128 0.236 —0.048 —0.047 —0.348 0.1186
BER A T 0.952 0.137 0.086 -0.081 0.020 0.128 0.058 0.1626
B 0.947 0.005 -0.055 -0.032 0.004 0.096 0.136 0.0967
BERARK T -0.195 0.714 0.202 -0.096 0.432 -0.296 -0.060 0.1859
TSR K 2 0.318 -0.306 0.543 0.130 0.521 0.056 -0.052 0.3487
517 0.434 -0.005 0.333 0.507 0.243 -0.335 -0.122 0.2033
il 0.305 0.514 0.507 0.117 0.095 0.367 -0.041 0.3090
i -0.115 —0.454 0.338 0.336 0.332 -0.191 0.445 0.1862
R R 0.484 —0.486 -0.369 0.143 -0.425 0.125 -0.052 -0.2120
e 0.028 0.471 0.181 0.230 —0.647 -0.249 0.200 -0.0231
NEL MR 0.522 0.118 0.402 0.322 -0.504 -0.026 0215 0.1396
EE-3d 0.408 —0.046 -0.623 0.365 0.220 -0.022 0.251 -0.1375
[RATTE S 0.112 0.542 0.544 0.357 -0.088 0.271 0.136 0.2761
FHIE(E 9.003 4.133 3.315 2329 1.729 1310 1.053
J7 25 BTk (% ) 33.345 15.307 12.280 8.624 6.404 4.853 3.902
ST 2 TR (%) 33.345 48.652 60.931 69.555 75.959 80.812 84.714
i 25
I v I ! I ! I ! 1 ! I v | v 1
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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Fig.2 Dendrogram for quality indices of shabu-shabu yak meat

A5 nh, WIH S FE PORESRYE | B4R
A pH MoK o3& BARST ZRB4/INT 7%, PRI B
BRUA_EdEPR. BERCHEEEFSPRAR 5 R 80 34.08, X0
2R 4 RS [R)ER A P TR] 5 5 i 2 HL AT 35 PR 2 S
(P<0.05), HHRE— 2B UEHTER AL I S XA R bRz i A
BEREI . R 10 AT LAE Y, BER A 5 JLLT 4 &
A BBV | BRI M Z (A A 25 (I AH 5
M, AR EST58 0.914, 0.955 Fl1 0.965, Z#5>
T, eV HUBEIECRE BEA oA 23— SRR . 2 26

FEPRET SN A S R BUNT 7% MUBRPERRRR, G
SYY I3 U AR 7K 8, AR 435 S 0.2333 i
0.3487, NEIR /KR 5 g | 5y U1 147 AE i 3 AR ¢
P, AHSE B EN 0.432. 0.450, 1574 J1 5 5 pEpg 4R
KRBUAT 0.205, LG I BT e & UM 2R 7K 58
5 ISR R, 2 SRR, I AR SR R BN
F 7% MOBERARE TR . R L AN EE S —0.0231 1Y)
BEE RS bR . B RS s P L RELVEM A AH O R By
JJE 0.269. 0.360, TGk EAH I, MHIEHM: 5 I 35 1E
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Table 10 Correlation analysis of quality indexes of shabu-shabu yak meat from different cuts

whn by m pete mae DT ORI I e R, T
Y1 1 B i 1
T 0263 1 BERCRERE  —0.455 1
Jie 0.065 0269 1 BEACIAME Y —0.526™  0.955™ 1
NELIEPH: 0272 0360 0.535™ 1 BECEETE 04127 0,965 0.936™ 1
WHSLEEa -0.084 0.164 0.029 —0.086 1 ML %2 -0.476" 0914 0900 0.938" 1
WS EEEL -0291 0143 0.035 -0.065 0.789" 1 WA KB 0354 —0.804" —0.842" —0.854" 0.789" 1|
JMEZKEE 0.450" 0246 0289 0.168  —0.183  —0.399

HLA W W AR SCE, FESC R B 0.535, HLIHMEPERY
AFEHSHK(0.1396), WIFEBHIBHEAEASE =20 R4E
Fro S PUSSHEAR LRGSR U0 8. [R5 . il s
ZIPEH o WIS SR 07, M TR SRS R
AN 4.41%, KR8 bl 2o 90524 (B -
0.104 ., A5 5 2250 10.14) Y¥y/NTFhIH1 S (A b7, )
Wil S LEBEAE o 5 S R bR B S A G (P<
0.01), FHZEZHCH 0.789, Wl nT FHHI il J5 2 B »™C
FEWHJELLEAE o, e Znfi e Wl 5 25 (E b NER
(U8B R 6 v e S AT =Y T = w1 P TG =
BEFEAE L FBERS LR KPR (A 5 RBUNT 7%), 1220545
AR SR YA S R BN 48.05, UAHAZBAL R ZEXT
IZFE PR TR R G IR A o 5 LY LR E L b
P S E B AN S (P<0.01), FHSE R BT 0.632,
0.710. 0.930, SEEARNT & & . o VE NS H IR
E (=L A

ISR PO FRAN T . LT 4ERErE . FRARRY
PEFE bR Z [E] A OGP, ARE2HEAT B o T . RIS
BT, BT e R AR IOk A N T 755t . SRR RS Rl B2 | IR ]
JEHEEEAE b7 MR KR | JFOR L1 o S A
PEAE A4 2 P ) S A R B AS A, HUOACER R/ an
211 UiRs

FA1 RIHIFEA A B FE A

Table 11 Weight of key quality indices of shabu-shabu
yak meat
— FERIAL BB R R Wik
GhR N — . NH Mg
R e am kk mE g
o 1 AV
%%fiﬁ 0.1579  0.0539 0.3487 0.1059  0.1546  0.1396
JH—1k 0.1644  0.0561 03630 0.1102  0.1609  0.1453

2.3.4  AS[EIFERAZWFE A PG il BT VPE A A B il ik
ST R Sl IE AR R AL PR, FoAT]
i AR 28 ORISR A= PO A 25545 o
1343 : Y=0.1644X,+0.0561X,+0.3630X;+0.1102X,+
0.1609X+0.1453X . %4447 Y 5 K-means 2/
g R ARG, &, T PEASAS [RIERAZAE A P il T
AU FLPE . Bk, a2k Y (/N TAE T 0.50, 955
FE B R A A 38 ECR N s an 2R Y (B AE
0.50~0.61 Z[A], W3] 5 P2 ARALAE A= PR 45 il il

T AR Y (ERTEET 0.61, WA I AIHES IS
BN T, PA EArHTAIRIEGE IR T LIS 12,

12 WHEEA LRSS BTN 152> K-means
RIEER
Table 12 K-means cluster analysis of comprehensive quality
evaluation scores of shabu-shabu yak meat from different cuts

HAL Y iE
B 0.55 BEHE
KN 0.65 EE
S 0.53 LSRN
JA R 0.49 NEH
g 0.50 TEH
BN 0.61 BEHE

2.3.5 AN[FEIFEROLHIFE A P L BT 7 AR 6 e o
BT XA R EBALR AR A P 8 B PPN S BGHA TR
HEARAL B, LURIHR AR P B0 LE- G BT o0 8 (Y ) 2R
FASEE, DUSCE PP i i 3R T 4232 M IR B 1, A4
LA SRR T GG IE HAT R . B Il AR Fry
ANFH y=5.0914x—2.2958, H. R?=0.8232, X KR
R FBASE HFE A P P75 i BT PP B T R A A5 Ak
A H PO B PP B AR R B2 A, IR, A5 R
MEAE— e FRE TS WUFE AR P i s e
3 ZEi

£5 BJIrIAR, S8 e H U R AR PR Y DB BT
PR R S NEIT & B BERCRERE | S B EE(E b7
INEJGK AL JEUBI LT A o” AH I . N7 T
THIFEAF LRGSR BTPE N 7R Y=0.1644X,+0.0561X,+
0.3630X;+0.1102X,+0.1609X+0.1453X . I 55 4%
RN, FEA A BRI AR ol N 1, A
IV PR R 1) £, T R PR A 3 R )
Jinr.
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