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Deep Learning-based Analysis of Meat Freshness Measurement
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Abstract

The measurement of meat freshness at meat markets is important for the health of consumers. Currently a variety of sensors
have been studied for the measurement of the meat freshness. Therefore, the analysis of sensor data is needed for the reduction of
measurement errors. In this paper, we analyze the freshness measurement data of ten sensors based on deep learning. The
measured data are composed of beef, pork and chicken, whose reliability and noise-robustness are examined by a deep neural
network. Further, to search for multiple sensors better than a torrymeter, PCA (principle component analysis) is carried. Then, we
validated that the performance of the three sensors outperforms the torrymeter in the experiment.
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Fig. 1. Surface variation of beef during storage period
E 1. 20| EH HOlH. (+)2 EFHA oY
Table 1. Beef measurement data. () is standard deviation o

. . . " Torry

Day pH VBN TBARS TAB E.Coli MC-L MC-a MC-b SF meter
1 5.75 3.81 0.083 2.30 0.000 42.61 23.32 13.18 3.410 18.43
(0.005) | (0.079) | (0.026) | (0.054) | (0.000) | (0.441) | (0.224) | (0.060) | (0.169) | (0.050)

3 5.76 4.03 0.219 2.37 0.000 42.42 21.40 12.72 3.24 17.30
(0.074) | (0.215) | (0.012) | (0.064) | (0.000) | (2.053) | (0.793) | (0.543) | (0.137) | (0.082)

6 5.68 6.02 0.234 3.77 0.000 41.81 20.38 12.46 2.94 16.60
(0.005) | (0.426) | (0.011) | (0.092) | (0.000) | (0.398) | (0.178) | (0.066) | (0.212) | (0.490)

9 5.74 9.45 0.304 476 1.150 42.34 20.59 12.69 1.80 15.50
(0.008) | (0.121) | (0.040) | (0.106) | (0.174) | (0.437) | (0.625) | (0.047) | (0.384) | (0.115)

12 5.93 16.87 0.565 6.87 3.68 42.04 17.43 11.48 1.60 13.03
(0.193) | (0.807) | (0.084) | (0.147) | (0.108) | (0.610) | (0.812) | (0.398) | (0.180) | (0.189)

15 (6.53 29.31 0.612 8.61 4.68 41.99 16.17 11.82 1.76 8.55
(0.122) | (2.011) | (0.039) | (0.104) | (0.099) | (1.747) | (0.761) | (0.332) | (0.171) | (0.370)

18 6.46 33.16 0.862 8.64 5.54 41.25 14.28 10.77 1.32 6.60
(0.056) | (1.229) | (0.061) | (0.091) | (0.201) | (0.256) | (0.397) | (0.210) | (0.392) | (0.216)

E 2. SX127] £ HOlH (+)2 EFHARY
Table 2. Pork measurement data. ( *) is standard deviation

Day | pH VBN | TBARS | TAB | EColi | MCL* | MCa* | MCb* | SF :]‘;;yr
] 5.69 564 | 0036 | 341 000 | 5095 | 1569 | 7.5 244 | 14.15
(0.005) | (0.245) | (0.000) | (0.082) | (0.00) | (0.649) | (0.698) | (0.124) | (0.163) | (0.420)

s 5.74 58 | 0053 | 344 151 | 5119 | 1469 | 8.72 238 | 1365
(0.005) | (0.081) | (0.002) | (0.138) | (0.062) | (0.798) | (0.155) | (1.985) | (0.162) | (0.300)

. 5.81 6.3 0.083 | 366 156 | 5207 | 1448 | 9.73 233 | 1333
(0.015) | (0.000) | (0.003) | (0.106) | (0.217) | (0.618) | (0.710) | (0.560) | (0.339) | (0.359)

o 574 614 | 0.105 | 458 152 | 5256 | 13.86 | 9.87 225 | 1253
(0.005) | (0.107) | (0.004) | (0.195) | (0.172) | (1.443) | (0.791) | (0.502) | (0.228) | (0.826)

o | 5% | 1597 | 0140 | 725 302 | 5255 | 1375 | 987 221 | 1135
(0.008) | (1.358) | (0.003) | (0.075) | (0.174) | (0.868) | (0.899) | (0.389) | (0.222) | (0.785)

5 | 604 | 1741 [T0434 | 809 | 411 | 5303 | 1380 | 1044 | 217 | 4530
(0.010) | (0.202) | (0.014) | (0.168) | (0.061) | (0.278) | (1.468) | (1.226) | (0.089) | (0.171)

s | 647 [ 1969 [ 0716 | 842 452 | 5341 | 1351 | 1041 | 184 | 4130
(0.168) | (0.588) | (0.184) | (0.238) | (0.172) | (1.605) | (0.551) | (0.564) | (0.090) | (0.050)
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3 S| 5% HOlE (+)2 ERHAR

Table 3. Chicken measurement data. (*) is standard deviation

Day pH VBN | TBARS | TAB | ECoi | MC- | MC- | MC- SF Torry
L a b meter

] 6.10 9.88 0.012 4.43 2.15 59.06 0.98 3.66 4.80 12.80
(0.017) | (0.428) | (0.001) | (0.080) | (0.130) | (2.085) | (0.078) | (0.893) | (0.613) | (0.082)

3 6.09 1133 | 0.016 4.48 213 59.17 0.99 455 3.51 10.85
(0.118) | (0.040) | (0.000) | (0.097) | (0.130) | (1.723) | (0.227) | (0.368) | (0.793) | (0.058)

6 6.11 1225 | 0.040 472 2.19 58.3 0.91 573 3.08 9.10
(0.006) | (0.390) | (0.005) | (0.028) | (0.236) | (1.149) | (0.328) | (1.016) | (0.286) | (0.271)

9 6.13 1222 | 0.057 4.99 2.44 58.85 0.91 5.04 2.94 8.13
(0.021) | (0.121) | (0.005) | (0.138) | (0.363) | (1.399) | (0.312) | (1.010) | (0.313) | (0.126)

12 6.15 12.37 | 0.056 6.09 313 58.55 0.94 5.24 2.54 6.80
(0.025) | (0.225) | (0.004) | (0.044) | (0.124) | (3.393) | (0.577) | (1.139) | (0.203) | (0.115)

15 6.15 1365 | 0.093 6.12 3.66 58.75 1.00 5.02 2.23 6.35
(0.017) | (0.242) | (0.003) | (0.239) | (0.052) | (2.367) | (0.885) | (0.505) | (0.259) | (0.173)

18 6.20 18.04 | 0.105 7.83 4.24 58.81 0.92 5.89 2.00 453
(0.012) | (0.525) | (0.006) | (0.116) | (0.127) | (2.346) | (0.503) | (0.991) | (0.469) | (0.050)
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Table 4. Parameters of neural network

Layer Number of Activat.ion
nodes function
Input layer 10
H1-DNN 64 relu
H2-DNN 64-32 relu
H3-DNN 64-32-16 relu
Output layer 7 softmax
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Fig. 3. Comparison of classification accuracy in H1-DNN with respect to the variation of k. (a) beef, (b) chicken, and (c) pork
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Table 5. Three features with largest weights for meat freshness meas-

urement

Meat 3 Features Weight
Beef pH, VBN, E.Coli 0.91, 0.77, 0.69
Pork pH, TBARS, SF 0.83, 0.84, 0.80
Chicken pH, TAB, E.Coli 0.96, 0.97, 0.98
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H 6. 3-Feature(3F)2t E2|0|E{2le| 27 MEE. A=3F-TorrymeterE Z7H2Q!. MM Xl= ZtA, M 2=X= Z712
Table 6. Classification performance of 3-Feature(3F) and Torrymeter. A=3F-Torrymeter is difference. Red numbers indicate decrement and
blue numbers indidate increment

H1-DNN H2-DNN H3-DNN
Meat k To Tor Tor
me:re}:' L 4 metZ' & 8 metre}:' e 4
1 97.00 95.57 -1.430 96.50 95.64 -0.860 96.64 93.71 -2.930
Beef 2 83.65 84.00 +0.350 84.50 89.50 +5.000 86.07 86.92 +0.850
3 75.85 79.85 +4.000 75.92 86.35 +10.43 75.14 82.64 +7.50
1 71.14 99.64 +28.50 73.57 99.92 +26.35 75.42 99.57 +24.15
Pork 2 4557 95.85 +50.28 52.00 96.07 +44.07 51.85 97.07 +46.22
3 47.14 90.57 +43.43 48.57 88.71 +40.14 48.50 87.85 +39.35
1 97.57 90.42 -7.650 96.85 89.78 -7.070 95.35 87.71 -7.640
Chicken 2 84.92 75.14 -9.780 85.35 82.92 -2.430 84.07 81.64 -2.430
3 71.50 71.71 +0.210 75.21 73.42 -1.790 74.64 76.14 +4.500
19 59 Jejze) A% A5 E el Btk & ol2jat kol 2] AT ANES AH-aHE Aol AHL

6914 22317]9] 3-Feature:= (pH, VBN, E.Coli), ¥ #]327]
+ [pH, TBARS, SF], ¥ 37|= [pH, TAB, E.Coli]®]t}.

Beefol & o] 27}t gk k=104 Hx-DNNo|| 2] V.4 E
glo], Aso] £ 07 Hojzth HI-DNNo|AE 143,
H2-DNN9J A= -0.86, H3-DNN< 2,930 &2 u|Ef7} St olHol A 21719 AXE S ¥R AAdS
H 22 A%S HojE) 8, k=204 3F7} E2nE et T8 7)ol ol& HsiA tgs SgAA 7 A
Hop £2 455 HolX, o] @44 k=3dAE Fasith FALEY A, A7)0 R, B 508 At 2
3F7F dlolg wolZe K sty dgE F7H O itk 2 =FddA e g8y 7oz Al
A7) kol FARLe] 3F7F EUEE A3 xjo) dolg o] M-S AT AFAE o]2E 2T
2, k=1914 (+28.50, +26.35, +24.15)¢] A 534to] U, st A4 AFsA T 71E EYvEED 5735 Al
k=214 (+50.28, +44.07, +46.22)¢] A& %7} 3pateth AMES ATt 279 s s AnjAte] 2173 A
k=301 A= (+43.43, +40.14, +39.35)¢] A4S A& + 9 AE = TA o, wEkA o]& F43te 71&0] 8t
o A7 AAE S ERETE AYetA & Al ok 4 AATE A NEE L e, 719 F
I, 308 AME AREskE Aol Foa & 4 it FuU EAS] 508 54 QR EAE 4 gk olegl
Hie AAH R ERuE s}t gsitte A9 4 LF = E719EH, HE AAE At 34 24}
7} Wtk k=3, HI-DNN#} k=3, H3-DNNo| A2 3F7} E of 93t euS Fol= Ao a3tk
YrH e F75H0] +58kARE T k, DNNE 9 2 =rdAe 9Yds 7o st A7), HaY,
AE B ERE7E Setth ®alde EgvE Al A7) gk B A S ol2 FE 2A
A7y Agettte A A ol Stk A3 e 7P 2 kol ZAE 90%°1/d] +
MEAA AFaAT o], AL 4 AAME LR/E T ASEE HoFlon, HE AMAE AHEete Zlo] 2
ZFA AL Q)AL freksk 4 dlolEl ] MFR A& S4 dlo] rolzo & stk As SHsATh B3 AJEstd
He Ho3d 9aE 7HA g o] £ 2 AFEER 7} A ErEET 573 5 BY F As A
A3, A 7kol A2 7K confidence interval) <%0l A s Astdth PCA 45 53] 4237]& [pH, VBN,
HASHE A% TF AUtk o] HolEe 459 oA E.Coli]l, ¥37]+= [pH, TAB, E.Coli], $1#1171%= [pH,

o
(outlier)©] AT, 4%kl S77F 2 7HsAol =k A TBARS, SF]2.2 71 719 =7}t =2 Al 2729 AME Al
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