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Research on discrimination of chicken patties storage time by BP-ANN and
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ABSTRACT: Objective To develop an intelligent method for determining the storage time of chicken patties that
balances prediction accuracy and model interpretability. Methods Cooked chicken patties stored at 4 °C were selected

as the research object. Multi-dimensional quality data were collected across storage 0, 1, 3, 5 and 7 d, including
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moisture-related properties, color difference, texture characteristics, electronic nose response signals and sensory
evaluation scores. Principal component analysis was employed for data dimensionality reduction and visualization. A
back propagation artificial neural network (BP-ANN) classification model was then constructed to predict storage time.
To enhance model transparency, the Shapley additive explanations (SHAP) framework was introduced to quantify the
contribution of each input feature to the model’s predictive outcomes. Results During storage, the moisture content of
chicken patties decreased significantly (P<0.05), while water activity showed an upward trend. The lightness value (L")
increased significantly and the redness value (a") decreased from —0.09 to —0.25. Texture properties exhibited an overall
significant decline: hardness differed significantly among samples with different storage durations (P<0.05), and
chewiness decreased by 59.62%. Sensory scores generally decreased with extended storage but showed limited
discriminative power for samples from adjacent storage days. The BP-ANN model achieved an overall prediction
accuracy of 0.985, a recall of 0.975, and a mean absolute error of 0.246 d. SHAP analysis revealed that the redness value
(a"), E-nose sensor signal S3 and adhesiveness were the 3 core features driving the model’s decisions. Conclusion The
integration of the BP-ANN model and SHAP method not only enables accurate discrimination of chicken patties across
different storage times but also elucidates the underlying decision-making logic. This approach provides a reliable and
interpretable technical tool for shelf-life prediction and quality analysis of meat products.

KEY WORDS: back propagation artificial neural network model; chicken patties; storage time; Shapley additive

explanations

jilll3

0 35

THL P A2 AR & o EE R, T A #E,
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TR X WLt TS GHA T S, T X T S A IR (]
ST RRE BE A RN AN B S8 i AR 7430 MO k2 2 1T
K&, BRI Z SCTE WIS LAk, X7 BP-ANN #5744
< PRAF R IR PRI AN AL, 5l =2 X R ) S50 ke SR A4 A 1y T fie
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105g, Bh27g. AWK 15g, AHFM3g. Wh6g. ¥
WK 3 g EABERE: 6 g, VOK 450 @) S5 EIFTHERE A1
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7% 15 min J5 %% 30 min £, BHGHAMEERLE (low
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BT 4 COKHRE, 23F 0, 1, 3. 5H17 d BURERI
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Table 1 Sensory rating criteria
15 H (5Mi) PAFRIE TR PE A/
FATRAT W9, BRSO, e ELIE MR, T LA Zek T4 15-20
JXU(20) FATHAT 9T, (R ORI, 75 58 A (P2 A Rt 7 8-14
T PR W R P, AR IR, TR IR 0~7
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£5#1(20) KRS VTH S ST, (AT AL, R RSN 4 814
YA 52, AEAER AL, Bk oL 0~7
FTAT BITE, SO GRS, PERS), MR 15-20
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BREE, A AT T il < SR A P SR AT Python 3.9
B SHAP f# kst B8 48br0 SHAP, Jid i A
EISEF AL TE X, RSN [ g R AT 4% A I R AiE BTk
A3, AR TN 4 SR A LAY R
1.4 HIEAIE

K Microsoft Excel 2019 {44740 ¥, Origin 2021
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23, BHELE 3R, LA R AR EAARE R 22 R0R
XK E i KAIERE . B2 R R bR, SRATFRN R
D5 22530, XA TR g ) 3647 22 8 Lh 8 (Turkey 15),
FEAKOPEL 0=0.05,  HL Sk i 50 R I | =27 & k17
s F5¢ /N — 7€ ) 1| 43 BT (partial least squares discriminant
analysis, PLS-DA), Jiifiidk W F 5| & k2 =1
KHRALIRTE, ABFTERIT PLS-DA BIEIMLA (R 5 Fi
RETI(O)HIBIREAR 22 5, PIITUHEAR B i T 1, fRFeAE
T RERE F1 5 BSOS RE PR R A S H0G
55 Kruskal-Wallis 7228175, 2 LB Dunn’s
55, BEVEKTH 0=0.05 .51 F T A 845, SR Origin 2021
HEAT 3 RL43 40 #7 (principal component analysis, PCA), 7E4L
PR BE, 1F MATLAB 2023b 75 ff4 7 BP-ANN 4325
i 351 AJET Python 3.9 FREE) SHAP A B 4047
FEZE, THAA& i A BTI6F5 1% SHAP,
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PRAI AT 1 i A A
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P L AT, A PR K 43 i B SR ] B 22 R
Fekadh, Wz s d i, HokadsS o d MR
(P<0.05); £ 7 di}, 53 d AL EBLEE FR@P<0.05); 1 d
5 3 d ZIRI /K5 & B TC B & AR (P>0.05) . AT R R FE T
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X6 DA 4 K 2305 3 BB S [ S 4 S b T, 0 d
KAMHEEREFRT 1. 5. 7d(P<0.05),3. 5d CRELR
(P>0.05), T 7 d B3 & T HALR ] 55.(P<0.05), /K43
TG B 1) BT 5K AR RS e s 25 VA G o TP b s 4,
X PR 1 I I 28 25 AL I T 40245 5 K A Ak Sk A EROK,
TR Z A K Y[R, g A R A AR Sk —
HMIREE A KR AS, H2 54 2 H K, S8k
TR X B R T MK B R R RS K

F17E
SRTERE IR R
. ) o Koo 110
60} b A IR
C C
° 50+ 41.00
o kS
/\h 40+ /i o
% b cd be h
d/}\ 10.95
0L 4 }/i
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Fig.1 Effects of different storage times on the water content of
chicken patties

2,12 &EFERAKTA

M 2 BT RIS P DE LR T R . TR 3 d
LR EH T 0 d(P<0.05), 7 7 d 35T 3 d (P<0.05).
X AR KA RS B UIAHSG, I v 5 B 2 1 ) 45 45 44
IR, PR A S S K RO IS B RZ, BT %
T GLR G RS RE T, T 3k LR

T JBE S 18], X0 PR LT 8 (o) B (b 1) 240 5 T B 4
(3 2). Hoh, o ZEW AT (1~5 AL 22, 255 7d B3
BEAR(P<0.05); b IRIFELESS 7 d BEMTH 1 d (P<0.05). o
14T A 22 11 PR A 2o e v T 1 o S5 B A
— A RN E bR AL T RE S AR TR AL J (B R
R fi AT 8 AR R i — B R, I R Y
PRV B i € 2 32 347 v B 2 08 2

e 2 AT, O X P 4 (e R R (CT YR
B, 3 d A7 d B LT RT— I ) (P<0.05), K
7 i ARE R E I RTHST 6] i R TR . AR AT A DR
T, 1~7 d 3R] i) o5 [R) 25 57 835 (P<0.05), BN A iF
G E X AR, X—2S o 1R R:
3L A P Y P B LT B TR, B R B, B
LR ) AN B DA S B 2048 G e AR ) IRk, B B B 2
BASAREEIR, T )X R 4 0058 i S R AR 5 AR, R
T
2.1.3 AT

th2e 3 RIHL TR RIS A R A R A R
75 R R R 1 6363.74 of B2 NI 7 d Y 2483.60 gf
(P<0.05); MHIBYE TR 59.62%, FHA ™ i O R W A5 1544
W, S, bk RS R R R PR, R
PRV AR) A 5 2 ) PR 58 3 I 1] 2 K T ANl 5 )
b, B E B REIR(P<0.05), AN R Fe T L P8R
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Table 2 Effects of different storage times on the color of chicken patties
St gt b B[]
0d 1d 3d 5d 7d
L 58.420+4.060° 65.870+3.580° 70.080+4.270° 74.020£5.900" 75.620+5.710°
a’ ~0.090+0.015* ~0.120+0.016° ~0.130+0.022% —0.140+0.020° ~0.250+0.018¢
b 12.190+0.820° 10.880£1.370% 11.270+1.290° 10.340+0.770% 9.600+0.730¢
c 14.290+1.020° 13.170+0.960" 11.390+0.640° 10.790+1.200° 9.600+0.450°
h 80.430+4.670° 81.850+3.130¢ 88.000+3.070° 92.000+4.920° 96.020+3.860°

T B 47 F B [ 5 BN ) 2R 22 5 135 (P<0.05), & 3. 5 [Al.

F 3 FEICHETE XT3 5 R A M RS2

Table 3 Effects of different storage times on texture characteristics of chicken patties

ok I 5 I 8]
0d 1d 3d 5d 7d

T /g f 6363.74+915.90° 6228.39+723.19° 4064.53+714.42" 3105.20+459.88° 2483.60+336.58¢
NELIG1 /o f 3812.46+296.67 3441.92+617.55° 2175.88+419.15° 1769.91£150.71% 1539.35+202.97°
B gt 4659.00+401.2° 4211.86+698.84° 2918.28+425.20° 2196.19+302.08¢ 1825.69+275.03°

HPE 0.82+0.06™ 0.85+0.04° 0.80+0.04° 0.81+0.05® 0.75+0.06°

N JR 0.75+0.04* 0.74+0.05% 0.7120.04" 0.70+0.07° 0.69+0.04°

I8l 5P 0.38+0.02%° 0.400.03° 0.37+0.03" 0.35+0.04° 0.36:£0.04*

Bt t/(gfes) —0.36:0.04° —0.56+0.11° ~0.51+0.06° —0.72+0.08° ~0.85+0.12¢

S8R, I ARG AR R R

AR A R ) 2 A T A R v R 1 R R G R %
HIRR R VARG o Bl IR F) i K, 2 1 00 45 445 Fg 1%
HBOR S I AL, Rk TR, IO RS
PRI JFAR I BE IR R85 [RIRSF, G iR Bt — 2
T T P2 ZE A ARBEIR, L T) ST R 1 4TI
214 FERMAEART

HL - S 5 AT 2 B, X PR 1 A A AR B T T
[EESN AT Y (A (B WA W R RV P AT TP
LIRS . 3R 4 AT R S BE . IR L Y AR AL
GPSERUR, XY IR A R R R Y R
ARG e AU o) i AR RS 5 05 B T, I B
I ] 42 AN BT AR B2 DT 7 A i 22 5. BRSEI[E] 2(a)] B
RSS2 IR X85 PR 14 JXUILAS i 30 i 3 i) S22 B0 P s A
o O d FEASE A N (BT ARAIR, RO 5 11 S 45 S i
N EF G, AR ISR, 0d 5 7d 2R B
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Table 4 Sensor name and performance description of the E-nose

R oS IRURAS RIS VIP
S1 ke, T EGAE 0.734
S2 CEE R RE. P 0.798
S3 R4 0.269
S4 itk a 1.527
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S6 H2R . INER . B, AR 1.394
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S9 2, W, ZFE. N 1.658
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S11 W bk 0.919
S12 WAL Hbe 0.037
S13 FE 0.836
S14 AR, A5 1.294

1 VIP 748 i B ZPE % 52 (variable importance in projection)s
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Table 5 Effects of different storage times on the score of sensory evaluation of chicken patties
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Table 6 Evaluation of prediction and classification performance
of BP-ANN model
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