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Beef Freshness Detection Using Artificial Olfaction—Vision
and Deep Learning

ZHOU Bo*, WU Zewei, WU Jun, ZHAO Xuzhe

(College of Mechanical Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract: This study employed artificial olfaction—vision equipment combined with multidata fusion and deep learning
technologies to accurately predict the freshness of chilled beef, providing a theoretical basis and methodological support for
the rapid detection of meat product freshness. In this study, a self-developed electronic nose and machine vision system was
used to collect odor and image information from beef samples. The semi-micro Kjeldahl method and an acid—base meter
were used to determine the total volatile basic nitrogen content and pH of the samples, which served as the basis for evalu-
ating the freshness of the beef samples. Firstly, kernel principal component analysis (KPCA) was used to reduce the dimen-
sionality of the olfactory—visual feature information of beef. Subsequently, prediction models for the electronic nose,
machine vision, and data fusion were established using the backpropagation neural network (BPNN), support vector
machine (SVM), convolutional neural network (CNN), and slime mold algorithm—convolutional neural network—bidirec-
tional gated recurrent unit with attention (SMA—CNN-BiGRU-Attention) methods, and the model results were compared.
The results indicated that the prediction performance of the data fusion model was significantly better than that of a single
electronic nose or machine vision model. Among them, the SMA-CNN-BiGRU-Attention data-fusion model exhibited
optimal stability, 100% accuracy in classifying the three freshness levels of beef, and 96.4% accuracy in classifying beef
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stored under chilled conditions for 12 days. This study demonstrates the feasibility of artificial olfaction—vision technology
for detecting the freshness of meat products. The SMA-CNN-BiGRU-Attention model, based on data fusion, achieves high
accuracy, offering a potential solution for detecting beef freshness.
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Table 1 Electronic nose sensing performance parameters
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Fig.1 Flow chart of the research
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Fig.2 Processing of beef sample images
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Fig.3 Changes of TVB-N and pH of chilled beef over time

pH A5 R AN 3(b) iz . 4P pH FlEIE 5
A (a] S B E D Bl AEIREE 2 d, pH R AL,
X AT HESE PR AR IO T ff il i O AR E A e AE  FLIRE
Bt FLIRAE LA AN B, TR A IR BRI 52 i 14
SRo MIVTCES 2 d TFAR, pH #EASFSE ETHErEL, HIE:
SR TR, b TSR] 2

AR A4 AFEA TVB-N &gl pH 45 13- =%
GB 2707-2016E il ‘22 4= [ bR et () & L &)™
it ) PA R St e 45227 s 57 4508 BT, K
FEASTE 3 Rl B2 AT 12 d ¥ A 43288 X80 55,
Hor 3 i i B2 53 K A= I AEAS Sl 70 S i (1~5 d
FEAS) | OB it (6~8 d AHEAS) L WK (9~12 d RHEAS)
3 A2, 12 d VS LA IRV R BV E S 732K
P, XF 12 d Ry N BOREA R IR 2 E A TR S, (AN [
IR AIFEAS RG2S F S AR ST 20

A PAREAR BT ERAR 420 AL 7 SR I B PR, i
THERIEL R SZ BIINEE R, 237" A — L8551 5,
g EXTEAEA T A B . 5 (G ) (Mahalanobis dis-



%478 5 16

JH S SR LS AR L2 > AGIN A A A B i

tance) F T i — DA 25 S 5L — JSREAR A (E
ZIEIAIE S, n] TS5 BRIt . AR A
T PG IR 8 o v S s A T O ok, SRR
12 NS cE, Horb 10 A3k B SR AR AS IR %
i, 2 D8 T UOB LA POREASII B s, P EE 408 A4~
A RREHE . 3 FIGHTEE RN 12 d ¥R R4S
F BB 7:3 M9 ELBIBEN LR 53 VI 25 55 FH T
JE AR, A PRIREAS I A e ) EAR  A 175 £50
R 2,

2 R[EHEEE A4 A N 28 5 IR AEREA RIS Rl oy
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for beef with different freshness
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Fig.4 Radar chart of electronic nose sensors
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Fig.5 Histogram of the color space of beef images with different freshness levels
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Fig.6 Color parameter variation diagram during beef storage
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Table 3  Classification results of three freshness levels for beef samples

. BPNN SVM CNN SMA-CNN-BiGRU-Attention

ik pllERS M 4E IR S Mk Yt it Pl MR

— JEARER 92.3% 90.16% 90.9% 88.52% 93% 91.8% 97.9% 95.9%
KPCAF&YE5 95.8% 91.8% 94.4% 90.16% 96.5% 93.4% 100% 98.36%

P IR EE 90.2% 86.07% 88.11% 86.07% 90.9% 89.34% 97.2% 92.62%
KPCAMF4ES 93.36% 88.52% 92.66% 86.88% 94.76% 91.8% 99.3% 94.26%

S SRR EE 96.15% 93.44% 97.55% 94.26% 100% 98.36% 100% 100%

KPCAME4E 97.9% 95.9% 98.6% 96.72% 100% 98.36% 100 100%

F 4 FRBARE 12 d B RER
Table 4 Classification results of beef samples under 12 d refrigeration

. BPNN SVM CNN SMA-CNN-BiGRU-Attention
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— AR 85.66% 83.61% 86.71% 81.97% 96.85% 87.7% 100% 91.8%
o KPCAMF4E) 88.11% 85.25% 87.4% 83.61% 97.55% 89.3% 100% 94.26%
P AR 83.21% 73.77% 82.17% 72.13% 93.36% 81.15% 97.2% 86.89%
KPCAME4E 84.62% 76.23% 83.92% 77.87% 96.15% 84.43% 97.9% 88.52%

S Gk 90.9% 86.07% 91.61% 84.43% 97.9% 91.8% 100% 96.72%
KPCAMF4ES 92.66% 90.16% 93.71% 88.52% 100% 94.26% 100% 98.36%
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