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On-line Detection and Classification of Pork Moisture
Based on Near-infrared Spectra

PENG Yankun'? YANG Qinghua'? WANG Wenxiu'"
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. National R&D Center for Agro-processing Equipment, Betjing 100083, China)

Abstract; In order to realize fast, nondestructive and real-time measurement of parameters ( moisture )
for pork on-line and divide pork into qualified and unqualified class according to GB/T 18394—2010
( pork moisture limit value <76.5% ), an on-line detection and classification system was designed and
developed based on near infrared reflectance spectra. To determine the detecting distance from the probe
to the surface of the sample, optimizing platform was set up, which included spectrum acquisition unit,
distance detection unit, light source unit, transmission unit and control unit. NIR spectra (349 ~
1761 nm) were obtained from 54 samples with different detecting distances in the range of 5 ~29 mm at
approximately 2 mm intervals under static conditions. Moisture contents were determined by traditional
methods and then related with the spectral information by partial least-squares ( PLS) regression models
with the first band (349 ~1435 nm) , the second band (1037 ~1761 nm) and double-band. The result
showed that a detecting distance of 19 mm was the best to model. Based on optimal distance, spectra
were obtained from 45 samples at static state and on-line by adjusting system of detection distance and
multi points simultaneous detection, and then two PLS models were established. The optimal correlation
coefficients of the model were 0. 915 and 0. 906, respectively. The two models results were almost the
same. It verified the feasibility of predicting pork moisture on-line. In order to verify stability and
precision of models for detecting online, NIR spectra were obtained from another 21 samples. The results
showed that the NIR spectral range had an excellent ability to predict the content of moisture (R® =
0.8367) in pork online and classification accuracy was 90.48% . Results indicated that NIR
spectroscopy was a promising technique to roughly predict moisture of intact fresh pork on-line.

Key words: pork; moisture; on-line detection; near-infrared spectroscopy; detecting distance; multi-

point simultaneous detection
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Tab.1 Result of water value %
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Tab.3 Results of PLS model under static condition
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Tab.4 Results of PLS model under online condition
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Tab.5 Results of water content test and prediction

FEMF S HSE/%  SEBRSFEH BN/ % BOWER

1 76.5 1 78.5 2

2 71.5 2 78.6 2

3 79.6 2 78.0 2

4 78.9 2 79.5 2

5 76. 4 1 76.2 1

6 70. 9 1 73.4 1 ;

7 76.8 1 76.9 1 K6 & ) 25 2R

8 73.6 1 76.2 1 Fig. 6  Prediction result of water content

9 73.2 1 75.4 1 . . o
10 74.2 1 77. 4 2 (2) BT A A BE 25 19 mm 7R 58 T i 2o
noooss 0 T 1 B 7S R 05 A TSRS B A 1A B O
E zz; i Z;z i 3L 45 Z% g N7 7K 43 O dre /N e UM A T, A5 HY o A A
14 76:6 2 77:7 ) T 1E A5 AH ¢ 2 BRI IE 4 A4 OC R $053 931 S 0. 906
15 73.3 1 71.3 1 1 0. 836,

1o 507 2 S1-4 2 (3) BoTiE T 7 2k 43 AR i 5 R e e i
17 71.5 1 68.9 1 . . ) N .

18 - . 74 | 21 PNEASNER IR UEFE LR o AR, W i TR Lo e &
19 80. 0 2 78.0 2 SE T )W I 6 2R Ry 90. 48 % |, K 43 T R 7R AR
20 74.8 ! 76.2 ! 9 0.836 7, 45 5 3% W5 BY g % S 90 7E 2 5 IRk
21 75.4 1 76. 1 1

10

JCABAS 5 P K 53 9 73 S o
2 £ x #

PN AR B 8 DA o B B 0 4 B B 3R R R X HE A B A RO B S R R [0 ] bR #, 2014(2) 112 - 114.
WO, MR, BUE . N L AL AN 8 RS O 1 X 5 P A B BE AT E TR AR ()] Ot SOk A, 2012,
32(2) :354 - 359.
CHENG Fang,FAN Yuxia, LIAO Yitao. Qualitative and quantitative detection of minced pork quality by near infrared reflectance
spectroscopy[ J ]. Spectroscopy and Spectral Analysis, 2012, 32(2) :354 —359. (in Chinese)
BALAGE J M, SILVA SD L E, GOMIDE C A, et al. Predicting pork quality using vis/NIR spectroscopy[ J]. Meat Science,
2015, 108:37 —43.
XVER, W7, AR, S AT UL/ £0 A1 e 3 AR I v S 55 Y b O B iy B B BORIR 2 B (D] 6 5ot #r, 2009,
29(1).:102 - 105.
LIU Kuiwu, CHENG Fang, LIN Hongjian,et al. Visible/NIR analysis of fat, protein and water in chilled pork [ J]. Spectroscopy
and Spectral Analysis,2009, 29(1) :102 - 105. (in Chinese)
Mosr, SRR, EUTH. T UCLLAMNEIE A5 P BB R A [T]. AR, 2014(2) 1262 - 266.
LIN Yan, GUO Peiyuan, WANG Xinkun. Detection of meat protein and fat percentage composition based on near-infrared spectrum
[J]. Food Science and Technology, 2014(2) :262 —266. (in Chinese)
BARBIN D F, ELMASRY G, SUN D W, et al. Non-destructive determination of chemical composition in intact and minced pork
using near-infrared hyperspectral imaging[ J]. Food Chemistry, 2013, 138(2 -3):1162 —1171.
PIER . IR ST HRTM . et v [l th ek, 1988.
WM, s, ZEEFE,F. HKRTHRKN AR BUR S K EEE S [J/0L]. KA, 2015, 46(1) :207 - 215.
http ; // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1&file_no = 20150130&journal_id = jesam. DOI;10. 6041/
j. issn. 1000-1298.2015.01. 030.
HUANG Yuping, CHEN Guiyun, XIA Jianchun, et al. Status and trends of nondestructive detection technology for water injected
meat[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46 (1) :207 —215. (iin Chinese)
X, RRE, INRAR, . ELLIMDGIE 2 Hr B ARTE S X A BRE A oA o i RATELT ]. P EZR &, 2009, 31(2) 8 - 11.
LIU Wei, WU Haomin, SUN Dongdong, et al. Fast determination of fresh chicken using FT — NIR spectroscopy [ J]. China
Poultry, 2009, 31(2) .8 —11. (in Chinese)
VA, A, BRSO 20 AME TSI E % K 2 S B BTSELT] . ARk, 2012(7) 267 -270.
YANG Xiujuan, ZHAO Jinyan, ZHAO Jiasong, et al. Study on portable near-infrared detection to measure the moisture content of
fresh pork[ J]. Food Science and Technology,2012(7) :267 —270. (in Chinese)
WIEEE, RER, FXF. %, LT R/ ZRB LT W/AE 20086 WA MR A2 1], Rk TR, 2014,
30(23) :306 -313.



%3 1 CER % ETIELINIE N KD TEL RIS 20 9% 353

12

14

15

16

17

18

19

20

21

22

23

24

25

LIU Yuanyuan, PENG Yankun, WANG Wenxiu,et al. Classification of pork comprehensive quality based on partial least squares
projection and vis/NIR spectroscopy[ﬂ Transactions of the CSAE, 2014, 30(23) :306 —313. (in Chinese)

W, IR, WA AL AN S O T PR I R D H A P R o LR I MO B & RS (U] P E E A
Zeii, 2015, 51(7) .73 -77.

HUANG Wei, YANG Xiujuan, CAO Zhiyong, et al. Rapid determination of moisture, crude fat and crude protein content of
Diannan small ear in pork by near infrared reflectance spectroscopy[ J]. Chinese Journal of Animal Science, 2015, 51(7) .73 -
77. (in Chinese)

PRIETO N, JUAREZ M, ZIJLSTRA R T, et al. Rapid authentication of enhanced quality pork by visible and near infrared
spectroscopy[ J]. Meat Science, 2015, 99(5) :149.

MONROY M, PRASHER S, NGADI M O, et al. Pork meat quality classification using visible/near-infrared spectroscopic data
[J]. Biosystems Engineering, 2010, 107(3) :271 -276.

PR, RS, (T, % ARNIAIEI & A nT W/ 20N ()], Al WL, 2010, 41(9) :104 - 107.
LIAO Yitao, FAN Yuxia, WU Xueqian, et al. On-line Prediction of intramuscular fat contentin pork muscle with visible/near-
infrared spectroscopy[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41 (9) ;104 - 107. (in
Chinese)

EXTF, wER, BB, SF. % RE IR AL TOR S A I R B RS [J/OL]. Rl AL AR, 2017,48(9) 1303 -
311. http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1&file_no =20170938&journal_id = jesam. DOI 10.
6041/j. issn. 1000-1298.2017.09. 038.

WANG Wenxiu, PENG Yankun, ZHENG Xiaochun, et al. Portable nondestructive detection device for nutrient components of pork
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(9) :303 - 311. (in Chinese)

BARLOCCO N, VADELL A, BALLESTEROS F,et al. Predicting intramuscular fat, moisture and Warner — Bratzler shear force in
pork muscle using near infrared reflectance spectroscopy[ J]. Animal Science, 2006, 82(1) :111 —116.

LIAO Y T, FAN Y X, CHENG F. On-line prediction of fresh pork quality using visible/near-infrared reflectance spectroscopy
[J]. Meat Science, 2010, 86(4) :901 -907.

ik, wER, B4, AHENFELRSREMIELGIN RS [J/OL]. R, 2013, 44(4) :146 - 151.
http : // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1&file_no =20130426 &journal_id = jesam. DOI;10. 6041/
j. issn. 1000-1298.2013. 04. 026.

ZHANG Haiyun, PENG Yankun, WANG Wei, et al. Nondestructive real-time detection system for assessing main quality
parameters of fresh pork [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(4) :146 - 151. (in
Chinese)

FHE, AR, RIS K, S T AL B A PR MG T TR [ C L/ A i A S A B TR S R R R R
FEARFES, 2014,

XUE J, YANG Z, HAN L, et al. Study of the influence of NIRS acquisition parameters on the spectral repeatability for on-line
measurement of crop straw fuel properties[ J]. Fuel, 2014, 117(1) :1027 - 1033.

Kbz, ZER, T, % 5T O EOR M SRR LI A SR YK o & BB TR I [T O S5o6iE A,
2012, 32(10) :2794 -2798.

ZHANG Haiyun, PENG Yankun, WANG Wei, et al. Rapid nondestructive detection of water content in fresh pork based on
spectroscopy technique combined with support vector machine[ J]. Spectroscopy and Spectral Analysis, 2012, 32(10) ;2794 -
2798. (in Chinese)

BRONDUM J,BYRNE D V, BAK L S, et al. Warmed-over flavour in porcine meat-a combined spectroscopic, sensory and
chemometric study[ J]. Meat Science, 2000, 54 (1) :83 -95.

COZZOLINO D, MURRAY 1. Effect of sample presentation and animal muscle species on the analysis of meat by near infrared
reflectance spectroscopy[ J]. Journal of Near Infrared Spectroscopy, 2002, 10(1) :37 —44.

EXFH, BER, RHEE, % SOEBOGEAENG 1R 20 S BRI B (1], otk 56 5, 2016,
36(12) :4001 -4005.

WANG Wenxiu,PENG Yankun,XU Tianfeng,et al. Simultaneous detection of multiple quality parameters of pork based on fused
dual band spectral[ J|. Spectroscopy and Spectral Analysis, 2016, 36(12) :4001 —4005. (in Chinese)



