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Fig. 1

(a) On-line detection system; (b) Light support; (c¢) Simple on-line detection system
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Table 1 Statistical results of freshness attributes for pork

P EBUIREA S B U AR
/ME IZON! FIE o i 22 R/ME IZON! FHE b i 22
37. 49 51.83 44. 81 3.71 41. 32 50. 00 45. 67 2.81
a 5. 48 14.14 9.53 1.79 6. 70 11.99 9.74 1. 46
b* —4.91 1. 89 —2.86 1.52 —4.71 1.55 —2.60 1. 41
pH 5. 61 6.16 5. 80 0.15 5. 62 6. 02 5.76 0.12
TVB-N/(mg - 100 g~1) 5. 20 33. 28 16.51 6. 25 5. 58 27.33 15. 88 6.78
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I3 ANER BRI S . R TAE G R E r RIFHBOR . R B
Hrid PRI TE Matlab2012a H 34T .
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em), K312 e B HA B FE M 2ZE R, K 2 FOKF 3K
AWEEZER, WIKE 1285 3 R K, KF 2 )
Zs KF3E/N, SRR -8, A TAEES 12 ecm K
4 B SR B S 3 A e R 43 5 i) B 22 132 30T X B8 B /N B i
G, PRULE B AN REARSE 4G K, 4 12 om fE Rl iy B2, 76K
BN 225, 250 FI1 275 mm » s~ R ) RMS {5225 A k. (H#
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Fig. 2 Comparison of RMS values under

different circumstances
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Fig. 3 Original and pretreated spectra of pork
samples under static condition

(a): Original spectra; (b): Pretreated spectra
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L, TR B H AR T 0 BOE AT R I A0 S T AE R
A3 TR SRS A B S AN BE A A 1 EAT 2 W iR/ —
Fe A . SNV T | 554 2% S 1% 10 ~F- 349 {1 A A o A 2 18
T B A v IE AL . AT 5 b T PR £ S R B I B 43
B 0.59 A1 6. 80 nm, [ X F U Bl A T 16 Ok Uk, 1
353.59~1 039. 98 nm Z [a] 3L 1 210 A E4E 4, 78 1 039. 98~
2 384. 15 nm Z A4k 209 AN H0HE . 33Xk 5 BOE D B
PN SR o5 22 T AR L TS I B S R AR SR /D T R B, X
T A 3559 43 70 2 %0 T4 350 SR 3 LR L W ] 3 () v [ T
TR FILARHESE L 2 nm [ B % J % 3% 0 47 25 HE 68 505 1
B4 B U BRI I K A A A B B o = R A A
AT . TR AT AL I )G BRI 3(h) Brs , 7] I 43 B4
HHE, EUE BRI A E S LR . AT W Ak B sk
E

WRIG, @y L7, a, b”, pH fl TVB-N [ PLSR
TR . p I ST T, X TR S R, m Ik BRI
HEBE LS R AL T 2 BORIS, mixt+ pH Al TVB-N, &+ £
BT ot A g sk R AT L DR, 3 TR o B Sy
T L, a . b MBI, 3T R MRS T pH M
TVB-N B AL, Z5-N% 2 BiR. NRPRTLLGEH, X
5 AN B I AE ¢ R B AE 0.90 B E, JuH L TVB-N
T A A O R B i, 353 0. 951 5,
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Table 2 The PLSR model results for color (L* , a", b"),
pH. and TVB-N under static condition

B¥ R. SEC R, SEP
L~ 0.969 7 0.9150 0.942 9 1.435 8
a* 0.920 6 0.637 5 0.909 0 0.873 5
b* 0.939 1 0.498 3 0.931 6 0.692 4
pH 0.957 3 0.043 2 0.945 3 0.051 8

TVB-N 0.953 7 1.981 9 0.951 5 2.143 9

2.3 EHRWMERES

PR R A 12 em, BOE LR IZ 1T H 8 275 mm -
s U RERARTEZISREWRAOGEML. K5, BB E
RIS R LN T 5 # L RES T WS 21T 3 e DA
SR 50 TIE 7E 28 3R I o 3% B e wf b . R, SR IR AN FEAR
5 06Tk AR R A SRIIE RIS B AR E . B 4
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Fig. 4 Comparison of spectra sample under static and online
conditions for the same and coefficient of variation
(a): First band; (b): Second band
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Fig. 5 (a) Spectra after treatment with SNV and first deriva-

tive; (b) Spectra after first derivative and SNV
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W L F0 TVB-N 48 m iy s in Bl &, X ToE&ad SNV 4
PR ELR GG, SELT L at . b R TVB-N [ Fi
BORM L R4k SNV 434 BT &, (A 240 pH 1 15 0
SR BN R B, B Ah SR H B A T AL BES A AR Y
BRI HE ARG R RE TR & WA S B
RUTIAR 56 RECELF, FOMRZE /N, X5 Huang* fl Mo-
dronot ™ fif & B A& — B . B AS [ A T 4k B O 5 2 1) K
REAR—HN, BEZN SRS FEIE SNV K IE, G8H I
b RO T RS R . 2R A BRI AT, K ST 5 ST
— B F L S SNV Lh 3 5 7 14 A R A A 7 2K TSR I
B 2T AR A
2.4 SMERIGAE

T AR T ST Sl A R IR R Y el FE A R 20 A
FEAR AT MR IAE . G REEIE R 2 LA RS L
HEATLE 1o ], 35 S HORMBE A g 3 i) — 3. 20 MREAR B8
LTI B A A BTG &L 6 TR X LT, a” ., b, pH
M TVB-N WA 26 2504 M 0.918 9, 0.914 1, 0.947 7,
0.950 4 F1 0. 960 6, fRAEsFHTIRZE /510 1. 249 4, 0.611 2,
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Table 3 The PLSR model results for color (L", a* , b” ), pH. and TVB-N under online condition
o SNV — B S8+ SNV SNV-+—Br S5
= R. SEC R, SEP R. SEC R, SEP R. SEC R, SEP
L= 0.9537 1.1487 0.9471 1.2899 0.9678 0.9425 0.9553 1.4354 0.9779 0.7604 0.9506 1.2385
a* 0.8928 0.7353 0.8839 1.0019 0.9347 0.5808 0.9247 0.7735 0.9281 0.6077 0.9024 0.8359
b* 0.9299 0.5333 0.9076 0.7515 0.9689 0.3518 0.9551 0.4991 0.9556 0.4189 0.9400 0.5754
pH 0.9498 0.0437 0.9118 0.0716 0.9672 0.0381 0.9615 0.0427 0.9473 0.0481 0.9074 0.067 6
TVB-N 0.9369 2.1462 0.9220 2.8898 0.9684 1.4442 0.9668 2.1417 0.9508 1.7913 0.9440 2.1706
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Fig. 6 External validation results for L*, a” , b" , pH, and TVB-N
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Development and Test of On-Line Detection System for Meat Freshness
Evaluation Based on Spectroscopy Technology

WANG Wen-xiu, PENG Yan-kun® , SUN Hong-wei, WEI Wen-song, ZHENG Xiao-chun, YANG Qing-hua
National Research and Development Center for Agro-processing Equipment, College of Engineering, China Agricultural Univer-
sity, Beijing 100083, China

Abstract In order to realize real-time, on-line and non-destructive evaluation of main freshness attributes of raw meat, an
on-line detection system based on dual-band visible/near-infrared reflectance spectroscopy(350~1100 and 1000~2500 nm) was
established in this paper. The hardware which includes the light source unit, the spectrum acquisition unit, the control unit and
the driving unit was designed. The light source fixing support and installation angle were optimized, and the corresponding
control program was developed. Based on those, two sets of on-line detection systems were developed for laboratory use and to
satisfy the demands of different production lines. Firstly, the experimental parameters including the conveyor speed and the
distance between sample surface and the entrance of the lens were optimized. By comparing the spectral similarity and the signifi-

!and 12 cm to obtain stable spectra. Then,

cance analysis, the conveyor speed and the distance were determined as 275 mm « s~
based on the experimental parameters, the reflectance spectra of 50 pork samples stored for 1~13 days were collected under stat-
ic and on-line conditions, respectively. The dual-band spectra were fused by parabolic fitting to obtain a complete spectrum
which covered the whole visible and near-infrared region. Subsequently, all spectra were rearranged at 2 nm intervals by means
of cubic spline interpolation to make the spectral data points distribute evenly over the two bands. Based on this, the spectrum
was smoothed by the moving window polynomial fitting least square method and normalized by standard normal variable transfor-
mation. Then the prediction models for L*, a” , b*, pH and total volatile base nitrogen under static and on-line conditions were

established and compared to verify the reliability of the constructed system. It was found that the modeling results for on-line de-

tection performed worse than those under static conditions, and the reason may be attributed to the spectrum drift. Therefore,
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first derivative was further employed to eliminate the baseline drift and enhance the band characteristics. The influence of pro-
cessing sequence of first derivative and standardization on the modeling results was also discussed. The results showed that the
first derivative followed by standardization worked more successfully to eliminate the external interference. Then the prediction
models for L*, a” , and b® were established based on the first band, and the models for pH and total volatile basic nitrogen
were established based on the dual-band spectrum, with correlation coefficients of 0.955 3, 0.924 7, 0.955 1, 0.961 5 and
0. 966 8. Finally, 20 independent samples were detected using the developed on-line inspection system to verify the model appli-
cability, and the correlation coefficients for L* , a* , b* , pH and total volatile basic nitrogen were 0. 918 9, 0. 914 1, 0.947 7,
0. 950 4 and 0. 960 6, respectively. The results showed that by the real-time acquisition and fusion of dual-band spectroscopy,
more optical signal were collected to reflect the internal information of tested samples. Combined with the designed optical path
and other hardware units, the spectral information within a larger area of the sample surface were obtained. Thus, the non-de-
structive, online, and real-time assessment of the main attributes for raw meat freshness was achieved. The system was easy to
assemble and disassemble, which made it possible to satisfy the actual needs of different production lines and had strong practical

value and market prospects.
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