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Rapid and non-destructive detection of hyperspectral milk protein

based on improved WOA-EIman neural network
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Abstract: Objective: To solve the problems of low accuracy, low
efficiency, and strong manual dependence in existing milk protein
detection methods. Methods: Based on hyperspectral imaging
systems, proposed a combination of improved whale algorithm
and Elman neural network for rapid and non-destructive detection
of milk protein content. Optimized the whale algorithm through
three aspects (chaotic mapping, adaptive convergence factor, and
adaptive weight) to improve search accuracy. and optimized the

Elman neural network parameters (weights and thresholds) after
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optimization. Analyzed the performance of the proposed non-

destructive testing method through experimental analysis.

Results: Compared with conventional detection methods,
proposed method was optimal for multiple performance indicators
in non-destructive testing of milk protein. The experimental
method was optimal in multiple performance indicators for non-
destructive testing of milk protein, with determination coefficient
of 0.997 3, the root mean square error of 0.000 3, and the
detection time of 1.56 seconds. Conclusion: The experimental
method has high detection accuracy and efficiency.

Keywords: milk; protein; non destructive testing; hyperspectral

imaging; whale algorithm; Elman neural network
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Figure 3 The fitness values of different methods vary

with the number of iterations

B &L 3 A, WOA SR AUAE 33 Wik e s, A1k
B E BB AR 0.011 1, Bk WOA B 7 604
21 YISO, A e B A 3 0 A B A 0.000 2, WL SHORS S
B, ULHISR AR VB A L B A I I SRR R 1 S LAY
FHRAL WOA SE AT DL 5 WOA B4 A i &
2 G R B A BIORY

N T BAEIR B T 4R M WOA-Elman #5175 4= 45 3

BE 2668 | 202345 12 A | AR5

o 5 A S0 ) O P R 3R 86 O 5 1 WOA-Elman 4% 2
HEAT H A B U 2505 1 A5 A P 300 3 42 0 3L O [ 7 9k 1Y
ORI | B o | T | N T N P [y i |
WOA-Elman #5878 30 0 {f 5 52 bR {8 8y #2305, o 78 T 5
BB O vk R I Y AR B4 ) B8 Bl 0,05, 4%
WOA-Elman £ 2Ky 1 8 A B8k ) 2 #%3) 0.1, R
J5 g RE R bR L 2.

O il A~ I
i ET: 3.8
<ru'§ ] 3.6
S - 34
T5q 32
HEZ 30
28

0 10 20 30 40 50 60 70 80 90 100
TR A

Test sample
B4 FRZEEMNERE E R
Figure 4 Comparison of detection results with actual

values using different methods

R2 AREAEMEBEIER

Table 2 Performance indicators of different methods

R 1 HifE 4R Y05 iR 22 RIE AL
Iy 2 IS 0.000 2 0.999 6
Ak 0.000 3 0.997 3

WOA-Elman #%  Jl| Z:4 0.011 1 0.982 5
A 0.028 0 0.967 5

i & 4 BT, 3 7 M WOA-Elman #2859 45 6
LU oR1 B STk SN ERANE ol s~ K Rl EA S b e o
WEAFSEN AL R T EXNEREAR ST RN
Rl 22 5/ . 2 2 TTA0 50 O 1 IO RS O, Tt
SRR UL E RBIK 0.997 3. ARIEZE N 0.000 3, 5
WOA-Elman 1 £ o 45 455 54 L, 35058 05 3 09 e E R 500
BT 3.08% I AR EREART 98.93% . B, i 46
M WOA B 8T LIS Elman i 28 [0 25 455 8 B A1
BB 1 LAk L A5 2508 = T B 4 LA B 0 ARG TR B L
AP 28 1 S A O P LA A PRI .

N T ik — 5 4 T IR 98 T B R R Y R B K 58 O 1k
5 CARS-SSA-SVM #i BIL) | CARS-SPA-BP # B A
CARS-PSO-SVM #HIPI R 473 b, 45 5% 3 iR .

K3 ARAFTEMEREERERIE

Table 3 Comparison of performance indicators of
different methods
LoRUIIRZS iRz deE R KRIEE /s
W7k 0.000 3 0.997 3 1.56
CARS-SSA-SVM #71 0.001 1 0.982 5 1.75
CARS-SPA-BP 7l 0.090 3 0.928 7 6.58
CARS-PSO-SVM # #4 0.031 6 0.964 9 4.12




&M | Vol.39, No.12

B 2% 3 AL, R BG O 1 EL A e v I ARG IR R R A IR
PR T B RD, HG 3 O AR R 22 R 0.000 3, P E R BN
0.997 3, KM B[]~ 1.56 s, 5 CARS-SSA-SVM #i & |
CARS-SPA-BP #i I fll CARS-PSO-SVM #5141t , 3 B
T AR ESNTFHET 72.72%, 99. 66%,
99.05% kB RZB M ETHT 1.51%.7.39%.3.36 %0 . K
B )43 50 R T 10.87%,61.09%,62.14% . X 2 A
6 7 v i B WOA Sk 4k Elman il £ 5 4% 452 4
P e TR P B L TE A % AR 1 SR v 2 I A R e AT
4 g5

IR EE TR AR RS 4R 1 T — Bh 45 & Wk i
0 75 R Elman 1 43 [0 2% (14 2 7% 25 (1 00 & & DS T B A
W7, @ it B IR R R
i f50 40 5395 U Ak Elman #2845 (4 BT AN Y (E , 32 4
WERE . 25BN 7k 74 0 8 A BRI b B A
B0 RS B AR 0 K D B ], 5 CARS-SSA-SVM #t
% . CARS-SPA-BP # % fil CARS-PSO-SVM # # 4H [,
W TR T RIRZE TR T S0 ity tha R L
T 3% ALK R R T 30% 2 A B — & MR
B, (R AF AR — S8 A LR Y 2 ), an A X B 6 A 5 st
AT AN, JC 3 6 £ b T A50R I v O S L b A ) L U 0
B R W OE A A 5 35 A5 R0 G M fl, R P 7E 1 JC BRI R
KL,

5% Uk

[1] FRE A, FA, F R, 55, T 20 A0 G 1 b o 6 I 2 2 194 o5 (], i
TLAR B, 2021, 62(2): 389-391, 400.
BAI L P, WANG W, WANG Q, et al. Rapid detection of wine
quality by near-infrared spectroscopy[J]. Agricultural Science, 2021,
62(2): 389-391, 400.

[2] T2, 8% B, ¥ 5428, . BT Halcon 193 1 il J53 A 58 6 I 3
HFSE 0. B & S5 HLM, 2016, 32(10): 123-126.
XIANG H Y, XUE Z, LENG C J, et al. Experimental study on
visual inspection of apple quality based on Halcon[J]. Food &
Machinery, 2016, 32(10): 123-126.

[3] A< k. BT ey O 1% BB 1 K SR S BT B AR A B K R A T ik
[D]. &8 1T/ K2, 2020: 7-8.
ZHU X L. Method for evaluating fruit quality and wood moisture
content based on hyperspectral imaging [D]. Wuxi: Jiangnan
University, 2020: 1-10.

[4] BOEE. 20 A7 495 v 77 68 790 A 25 D' 3i R o A I 7 1 A 9 (D). W
IR AR b AR K2, 2020: 9-10.
HUANG Y. Research on hyperspectral rapid detection method for
common preservatives in pure milk [ D]. Harbin: Northeast
Agricultural University, 2020: 9-10.

[5] XUSE IR, BEWIAR, RIVL, 4. 4= 052 1 & i 1Y SSA-SVM &

ERZ% ETYiE WOA-Elman HE MK KR EFHEQRREL R LN

T AR L [7]. 63 2% 5 63 4T, 2022, 42(5): 1 601-1 606.
LIUM C, XUE H R, LIU J P, et al. SSA-SVM hyperspectral
prediction model for milk protein content[J]. Spectroscopy and
Spectral Analysis, 2022, 42(5): 1 601-1 606.

(6] BAME 1h5, XTT -, BEI 1%, 2. BP M 28 [ 2% 45 & 78 B P B 07 WL 7
AR T R A ch 05 (0] O - 0T, 2022, 33CD):
23-29.

HU W P, LIU J P, XUE H R, et al. The application of BP neural
network combined with variable selection method in the detection
of milk protein content[J]. Optoelectron « Laser, 2022, 33(1): 23-29.

(7] HALZS, EX5fe, 22405, 55, Et AR e vy 2050 135 19 4 73

TR BRI 43 G (7). O 1 2 5 63 2 M, 2022, 42(4): 1 243-
1 249.
XIAO S J, WANG Q H, LI C F, et al. Non destructive testing and
grading of milk quality using Fouriertransform mid infrared
spectroscopy[J]. Spectroscopy and Spectral Analysis, 2022, 42(4):
1 243-1 249.

(8] EF2, WBe. WK E LRI A4 Wy vh 2] 5 BT & & A E
JET A [J]. R T, 2022, 47(4): 127-129.

WANG F X, FENG X J. Evaluation of uncertainty in the
determination of protein content in milk by Kjeldahl nitrogen
method[J]. Grain Processing, 2022, 47(4): 127-129.

[9] ¥ #faliE, B4 RLE, FhICIR, 45 LT PCA Al BP i 25 [ 4% 1) 4] 45
79 i BT L[], £ A S ALBR, 2014, 30C1): 40-44.

ZENG X Y, ZHAO L Z, SUN W B, et al. A wine quality prediction
model based on PCA and BP neural network[J]. Food & Machinery,
2014, 30(1): 40-44.

[10] =35, RE W], BR4T, % B FA7 RBF 19 SVM B 5 X 217 i
SRS HE T S 190, WL R 2 22 4 CHUAR B 22 D, 2021, 43(4):
417-422.

LI Q, ZHU J M, LANG H, et al. Accurate classification of red
wine quality based on SVM model with RBF kernel[J]. Journal of
Hubei University (Natural Science Edition), 2021, 43(4): 417-422.

(117 FIL0AR, M/, D i, 45 B 15000 3 U5 /0N 1 2 190 246 1
20 G TN ). A PLI B S R P, 2017, 25(4): 21-24.
ZHOU H B, BAI X Y, BU F, et al. Wine quality prediction based
on fuzzy recurrent wavelet neural network [J].
Measurement and Control, 2017, 25(4): 21-24.

[12] Xz, B i, LAB . B T B 2 0 26 119 2 2R e Ipa 4 4
B[I). TR 4 R, 2017, 40(3): 108-112.

LIU Y, YANG J B, WANG C X. Apple defect detection algorithm

Computer

based on convolutional neural network[J]. Electronic Measurement
Technology, 2017, 40(3): 108-112.

[13] JART ML, 22 HERE, B 2230, &5 L T4 2008 PR 28 ) 4% A 3
SR B B R D0y 9k (0. B ol B, 2021, 38(5): 388-394.
ZHOU Y F, LI S W, YANG K H, et al. Apple surface defect
detection method based on lightweight convolutional neural
network[J]. Hebei Industrial Technology, 2021, 38(5): 388-394.

(F# % 116 )

59



116

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

W BT[] B SHLBK, 2019, 35(12): 113-118.
ZHANG L, YIN D F, ZHANG D W, et al. Analysis of spoilage
bacteria in chicken breast meat under different storage conditions
[J]. Food & Machinery, 2019, 35(12): 113-118.
[281DI 'Y T, KOESOEMO W D. Risk factors for bacterial
contamination of bovine meat during slaughter in ten indonesian

[J1 2019,
2 019: 2707064.

abattoirs Veterinary ~ Medicine International,

[29] HESS M, SCZYRBA A, EGAN R, et al. Metagenomic discovery of
biomass-degrading genes and genomes from cow rumen [J].
Science, American Association for the Advancement of Science,
2011, 331(6 016): 463-467.

[30] HU Y, ZHANG L, LIU Q, et al. The potential correlation between
bacterial diversity and the characteristic volatile flavour of
traditional dry sausages from Northeast China [J]. Food
Microbiology, 2020, 91: 103505.

[31] TRARIL, WU, 3R R, A5 PUXG N T 3 B S00R BRE v 45 1

Br[I]. A B S A, 2017, 17(2): 227-234.
ZHANG C J, HUANG F, ZHANG L, et al. Analysis of the
community structure of main rotting fungi in braised chicken
processing[J]. Journal of Chinese Institute of Food Science and
Technology, 2017, 17(2): 227-234.

[32] MUIMZR, FHEFRL, X, A5 AR ST A & v T DR
R R [T]. B 5 R BE T, 2021, 47(23): 143-148.

ZHAO S D, YIN X W, LIU Y, et al. Preparation of sardine offal

g 266 8 | 2023 £ 12 B | RS

instant fermented fish sauce by different fermentation methods[J].
Food and Fermentation Industries, 2021, 47(23): 143-148.

[33] S W, XUT%, AN 22, S GHCE 1A v O 38 IO 3 FF R 43

B s B A W BEIE RS (0], VO IR Al 2 4%, 2019, 35C1):
195-203.
SHI Y J, LIU F, SUN Z L, et al. Isolation, identification, and
biofilm formation characteristics of dominant spoilage
Acinetobacter in Tibetan lamb meat [J]. Jiangsu Journal of
Agricultural Sciences, 2019, 35(1): 195-203.

[34] 2 MIIE, £ 3CHL, HFMU, 5. A F) 6206 7 =00 ¥ 6 3 P9 1 A
YIRS REVE RSB M (0], 2 Tl B, 2023, 44(13): 367-374.
MAI X T, WANG W Z, ZHENG Y H, et al. The effect of different
packaging methods on the microbial diversity of cold fresh
chicken[J]. Science and Technology of Food Industry, 2023, 44
(13): 367-374.

[35] Al D1, JRUAR . o2 1 4 Bk Al 25 A i BT b [ TR R
a7 5 % R BUIR[T]. B S HLBK, 2020, 36(9): 18-25.

WEI P B, QI S J. Thedevelopment status of China’s prefabricated
and conditioned food market under the normalization trend of
epidemic globalization[J]. Food & Machinery, 2020, 36(9): 18-25.

[36] A=, JRASE, B FHAR, S5, e B 0 R T I S0 AR 1 G Y R
(9], O Tl R 2 241, 2020, 39(3): 179-183.

LI Y, ZHANG G L, BI J R, et al. Characteristics of extracellular
of Dalian

proteases from Hafnia honeycomb [J]. Journal

Polytechnic University, 2020, 39(3): 179-183.

(L#% 59 70

[14] B WUHE, A 221, sk D46, 4. JE T L 40506 Al PSO-SVM 41

AR I 3 4 905 Ik (1] BN RO B 22, 2018, 46 (12):
141-144.
YANG S Y, YANG Z G, ZHANG S W, et al. Automatic tobacco
grading method based on near infrared spectroscopy and PSO-
SVM algorithm[J]. Guizhou Agricultural Sciences, 2018, 46(12):
141-144.

[15] EBHFH, % &h, BRig, . 3% T 5 25 08 9% At #E K-means 937 5
SRSTIER I & A S LA, 2019, 35(12): 47-51, 112,
WANG Y Y, HUANG X, CHEN H, et al. Apple grading algorithm
based on homomorphic filtering and improved K-means[J]. Food &
Machinery, 2019, 35(12): 47-51, 112.

[16] o745, ikHi, thif, & . 5 F el iE B LeNet-5 B3R A 3 53 %
Jrk ] P EARBLAE A4, 2020, 41(7): 105-110.

WANG L Y, ZHANG Y, SHEN Q, et al. Automatic apple
classification method based on improved LeNet-5[J]. Chinese
Journal of Agricultural Mechanochemistry, 2020, 41(7): 105-110.

[17] T 52, 20, A, 55, T QR Y 2 08 1 55 904 RF
F[). A5, 2019, 34(D): 39-43.

YU M, LI X, YANG H C, et al. Apple grading based on image

recognition[J]. Automation and Instrumentation, 2019, 34 (7):

39-43.

(18] 5%, ek, #] & RR, 5. 5 300 fb 4 B 28 ) 2% 1) AR b Bk
RSz D00 (9] Aol TR 2741z, 2019, 4(1): 115-120.

LIU Y, ZHOU X L, HU Z K, et al. Wood defect detection based on
optimized convolutional neural network [J]. Journal of Forestry
Engineering, 2019, 4(1): 115-120.

[19] EFEHE, BRAE, PRyl b BT 0ok 4 BUM 28 9 45 i f 2 22 1F 3%
T 50 B SRR [7]. 95124 4R, 2020, 41(4): 115-120.

WANG Z X, CHEN G, CHEN Z Z. Surface defect recognition of
chemical fiber cake based on improved convolutional neural
network[J]. Journal of Textile Research, 2020, 41(4): 115-120.

[20] 2 E A, KAE, XBEW, 45 3T BP #1244 UHT 2l 4 7

40,45 % S T8 I [J/OL]. £ & Tl BHE. (2023-07-26) [2023-08-
19]. https://doi.org/10.13386/j.issn11002-0306.2023020107.
XI H J, SONG L J, DENG Y M, et al. Shelf life prediction of UHT
pure milk packaging based on BP neural network [JJOL]. Food
Industry Technology. (2023-07-26) [2023-08-19]. https://doi.org/
10.13386/j.issn1002-03 06.2023020107.

[21] BONAH E, HUANG X, YI R, et al. Vis-NIR hyperspectral imaging
for the classification of bacterial foodborne pathogens based on
pixel-wise analysis and a novel CARS-PSO-SVM model [J].
Infrared Physics & Technology, 2020, 105(3): 1-11.



