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Abstract: Goat meat is favored by consumers for its high protein and low-fat content. The Yimeng black goat and
Huanghuai white goat, as local goat breeds in Shandong Province, had received less systematic research in terms of meat
quality. This study focused on the longissimus dorsi muscle and semimembranosus muscle of these two breeds, measuring

pH, water retention capacity, color, texture parameters, electronic nose data, and volatile flavor substances. Principal com-
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ponent analysis (PCA) was used to analyze the correlation of multiple indicators, and a backpropagation artificial neural
network (BP-ANN) classification model was constructed. The Shapley Additive Explanations (SHAP) method was
employed to identify key features, and partial least squares discriminant analysis was used to screen key flavor substances.
The Mantel correlation analysis was combined to preliminarily reveal the correlation between meat quality and key flavor
substances. The results demonstrated that, in comparison with Huanghuai white goats, Yimeng black goats exhibited lower
cooking loss, higher " values, and greater concentrations of volatile flavor compounds. The BP-ANN model developed
using 27 quality indicators achieved a classification accuracy of 97.5% for breed and meat cut in the test dataset, indicating
strong discriminative performance. SHAP analysis identified seven key predictors influencing model output, including 4
value and S14 sensor response. Mantel correlation analysis revealed significant associations between these critical quality
indicators and specific flavor compounds, namely n-butyl aldehyde, n-octanol, and ethyl acetate, suggesting that lipid oxi-
dation derivatives might serve as pivotal mediators linking mutton eating quality and flavor profile. These findings indicate
that Yimeng black goats possess superior eating quality characteristics, and the established BP-ANN model offers a reliable
methodological framework for future rapid, objective, and intelligent grading and discrimination of mutton.

Key words: Yimeng black goat; Huanghuai white goat; meat quality; machine learning; Shapley Additive Explanations
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of the electronic nose
[Ttk i U R
S1 Beke . PG [EERNES
S2 B, ke S WA 5T ke WY
S3 RELEY HE
S4 ALY W iz
S5 A-ALEY E=
S6 FFRTEY, 2R, NI, 2B, AR
S7 Hbe ke, RIS HA
S8 otk AL
S9 LB FEALEY TR S TS L DR
S10 i i
S11 RERAEY WAL beke
S12 RAEY AL W
S13 e He
S14 FHEBMEY) R N

10 min NZEPERE 2 100.0 mL/min, F4%F 10 min 45
o, (s s TR TE]: 30 min; PERETHREE: 80 °C. @it
P SR 1) O R 280 S 5 [ [ SRR UE S RS B
(NIST 2020) HRfE BT i AT LX), LLIEASHER(2-
THE . 2- 5B 2-CLER . 2- PR . 2-2F R AN 2-T-ER (3
SHAIATAE) ) S PR RERH A LA A T S 52 ST o

1.3 R

1.3.1 nMEREMZ 45 (BP-ANN) BRI N, oy
SEELAE P MERR 2, AR T 8 RRiEZ 1Y BP-
ANN BRI, BIAVE A JZNA pH. Bt K0,
ZEAEI A . T EBAIRAS 27 DHEbR; 25 B
Y35 ReLU #0id PR i 2 M &on 8o 8 12,
SR Softmax FT R H B AR AR o

b e 7 S W | BT v i = 111 = 54 b o | 2 S
(96 FEAS) S A7 BOUFESE (24 FEAS) o BRI ST /T
XTER AT AN ER, A FeAR A — R IE R 0, BR
W22 1 kRHEST R (3R(3)) .
Xy —mean(j]
i

Aorh, X std AR AEIREE, X, M IR EE,
mean[j] SAFEFR j BUIIME, std[j] M HARUEZE

BITRIDN L Adam PEfbds (RG24 % 0.001)
DA TR BEET, BN 32; ikl A, B
A L2 IE Nk (A EE5 598 5= %% 0.0001) 5 Dropout %
% (5B )2 dropout ME3% 0.2), [FIAT 245G IFHE 5 2%
HLE 5 AR R RIS IR VIZ.

A IS UEAR R A RR iz TR, X 96 P UIZRFE
AHPEAT 5 Prag LEiE: BN 5N 5 A~ B F
T AR DL 4 DT RVIGEE . 1 DT I IESE
AT 5 5 VNGRS 0AE . a8 5 FE U IEHER R
ZEE R IARUEZE, PRATRARY o2tk R SRt .

YIGRAE 5 A ALY (1% T v P 3 TR A
BE AR F1 B TPl . XIS B TG

X stdy; = 7 (3)



. 348 - é’uﬁ&TWﬂ*ﬁ

fe, LA O D 45 15 S PR B 08— 3, E R
(4)~3X(6)

vers i TP

*ﬁﬁﬁ}g_—TP+FP 2 4
TP

HElx = ———

HEK—TP_'_FN = (5

" FEHIRE x A A 2R
FlI4pd=ox o2 (6)
= T+ AR A

K, TP AR IR 43250 BH M AR S,

FP AR RUAER 205 R BRI REASE B, FN iy
FERITISA BAPEIREA S
1.3.2 H:F SHAP J7¥:fAy BP-ANN BBV RE AT
fir PR AR TR PN PELFE (4 (M)A, SR FH SHAP J7 KX i
AAHE BRI THEY, IR T 25 SRR R .
ARSI SHAP kTR A1 FRE R SHAP 14,
FEHI T SHAP 1845 B 45 1T B GHEE SRk THESS i
AL . FETIX L SHAP {H, AJ 12— 4 B 6y XA 5y
AT STRRER R AU FE PR -
1.3.3 geitsrbr  SCiedihE L Origin 2021 ST
AP S AT, T S SR R A B E R HEZE Y
. R SAS 9247 BN &K U7 22 0 M
(ANOVA), PHAGASR] SR . ASTRI A (4 LU A A S e
pH. (5 Lok M:GRIZKIR IS | ZRE 0 | FtaetE
Je HE, T B ) AR AR S B Al E) 22 5, IR CR A
Tukey 4728 W (BEPEAKE ¢=0.05)

K SIMCA 14.1 BAEXS AS[E] faFh . ASEBAE
2R S O R R A B R A T IR 2 R e N e )
BT (OPLS-DA), A T PR i a5 XU, 1
17T 200 HEFIAG B o X F i F 58155, R A
Origin 2021 #47 E ST 53T (PCA) . AEEEFRIIATY,
ILT MATLAB 2023b & M I ML H5 AN T fligs
2 (BP-ANN ) /325, 3EB)) Python 3.9 1 SHAP
HE B 52 B AL 28 2F > 455 180 (44 v fge Bk 4 M o SR A
chiplot 7EL -5 T Il S BTda bn 5 o8 22 XL
R BT ) = R R AH S
2 HERESHh
2.1 pH &

pH 5 A I R o | 03 DL R S BT 2 U AH
&, SRR A S SR B EE BB AR 2 —, DA R S R A
R ZE S, RIE 1 AT, SEJS 45 min B, POZHAE
7 pH ME2E S BG-L<WG-L<WG-S<BG-S, 4521
HPEPL(BG-S. WG-S) 5 & IKNI(BG-L. WG-L) 2
5 3 (P<0.05), HAEREAL pH 238 & T K L.
Sh AT T, 205 45 min B, [FIERALE 4% 6L Rl 2R A
pH JCi & 22 7 (P>0.05), RUTESE/SH I, T BG
5 WG LEARIFRAL B LET 24 B | A B ity —
e, WIS pH R B iy 22 R U3,

52 J5 24 h, pH 3 K T %, BG-L il BG-S 41 .

WG-L 1 WG-S 2H i 3 22 7 (P<0.05), {H 1 & Fi ik
B pH 4k T 1E# L E (5.5~5.7) . Hih, K AL

2026 4F 8 H

751 45 min 24h
7.0 a a

b b B
6‘5_ 77 z‘;{

N

1
5.5 %%}3 =
LB E
BV VI

Q)C)&Q Q,O$C>

P AR A A 2 A 52 AN RN E] 64 pH 284k
Fig.1 Changes in pH of different parts of various goat breeds
at different times after slaughter

H: FRAEFRRZEFEE(P<0.05), K 2, K 3 [H,

(N WG-L) 525 24 h PYEBEFEACE L, ZLERFH SR 58
Z 530 pH Pl T, ML pH SRR UIERE 45
FEL, B0 5 | R AR PE, BRARILLR /RPN, PRk, AL
SEJE pH BT, YT S BA LU AE R B H AR i 19 AL i
Ji 7 o

2.2 {RIKMEDHT

2.2.1 KR AR IR AR A e P R K PR R
HHBIFERR, 5 R BIN T rERE R PR3 s VIR
& 2 AT, PP L(BG-L. WG-L) iK1 2< i 3%
TR UL(BG-S. WG-S) (P<0.05), [FIFRAL N WG
H5 BG 4HIJC & 27 (P>0.05), 1H WG ZH 24K
KBRS =T BG 4o 52525 RIZK SRR B IR 22
EEALSE AR LT 4EN 4G TR | WL2LIR] P . 25 1 R
R AR 7K A9 38 335 P T 7K B T A B AR
AR, BRARHEIR 55 WLET AR R St i Re 25 U AE
X, AN NUET 4 5 Lo, BB A 5, R P
WA, THRIBIERR 2 P IRENLT LA 4E S L, Wi
T 1R, B KA RES15mT, S b L, B opH 4>
Hrol 0, WG 5% )5 pH Pkl F Bk IR 8 AR K &5
K, AR PERARG; BG 4H pH R B0, S22 vhRE J158, 14
IRPETE S o 55—y Tl ASBFSE H UL £ (7 2K 3
P BRE, 7T BB -5 e S PR A s B A By =055
FK SE)E pH R REECHRET, 55 [ LS LT 4k 55 P AE
FU A A AR VR, GRK S5 A BB, B A A KR
B, WK IAE T

IR (%)

BG-L WG-L BG-S WG-S
[P NCIIE S ES AT VIS TTES
Fig.2 Dripping loss of different parts of various goat breeds
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Fig.3 Cooking loss of different parts of various goat breeds
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Table 2 Color analysis of different parts of various goat breeds

e 2 BG-L WG-L BG-S WG-S
L 47.27+4.00°  44.97+426®  44.07+4.50°  43.85+3.87°
a 11.024£1.93°  9.87+1.15¢  15.93+1.77*  12.47£1.09"
b’ 12.8741.68"  12.20+1.12°  10.44+0.69°  10.47+1.38"
C 16.85+0.79°  15.71£1.42°  19.26+1.08"  16.34+1.15"™
h 49.74+4.04*  51.03+1.76"  35.21+3.85"  39.96+4.67°
T AT REARRI R R 22 53 .2 (P<0.05), K3 [A]

CHEAR I, 277 B0 €0, 1) 2l 3 0 vy, 0T € s o
FHER 2 Wl PR AILY Bt e S 2O T B L,
[FE BG tHREI A LEEE TR iS T WG 4H. h {HRN 0
FAA, FH R B AL B 5 A S SR BE P, £ A 0°F)]
90°FRINLIAA A [A] ) (L], h (EARAIR, 41 (2 kR AH
WP, HEFR 2 AlA, 5 R UL A (E B
FRERREAL(P<0.05), TRl —FFAL T, BG 45 WG 41
M A ETC 255 (P>0.05) . [HIt, TSR 1L~ Fae A
ARG E M.

24 S

JERFE Rl R AT e A B A ER R LR AR, BEAE
P JEAS F 0 T JBIEAZ B AL R B . AT i 2
Bt Sk PR T e R R AR AR PR Y i ER 3 AT
B0, AS IR S A B AS RIS =2 6] 2 R SRS R T
2S5 RGN, WG 225 T BG
2H (P<0.05), {HAE WIS PE 7 1H, BG H W 375 T WG
ZH(P<0.05). 4, BG F1 WG T i K NLAY NE A4 TC
2225 (P>0.05) . RS R BT & FH B T (9 RE S
FH2AL 77 B, BEEUARER PA A4 S0RE, 17 REL MRS DU 5 fp
Ty AEHL B AH G, TSR TR A £ 48 ik nE g
T &0 B MRS R TP Ir A FE I B AL B R
MFR 3 ATHN, WG ZH 255130 A8 B FITH PR3, 3]
RE-S LT 4R HES A 55 BILT4i o] HED 88 B9, 7Y
i B FINE NG Bk, 2 2 AR P 3T, AT IR
SR SR A S R E R SCEY . R RS
SYMTET, BN e BBk, BRI s ST

3 AR AR B 7 A

Table 3 Texture analysis of different parts of various goat breeds

JEAFE bR BG-L WG-L BG-S WG-S
fifi 2 (gf) 6301.53+778.55° 7979.95+882.15° 7385.04+769.43° 8443.95+958.92°
3k (x10%) 58.13+7.16 48.28+5.66° 67.20+£6.06" 65.83+6.32°
NE M@ (gf) 3386.07+275.45° 3620.63+451.02° 3928.78+404.08° 5150.23+583.75°
& (gf) 4160.99+487.26° 5837.03+601.80° 4773.58+532.81° 5487.86+481.29°
Ml 1 (x10%) 30.40+3.65° 27.27+3.38° 30.43+3.31° 26.80+3.07°

TE: RPN R 2 PSR I IR ReE R L1 0%
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