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Spectroscopy and Spectral Analysis
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%1 (principal factor, PF) =4, i Fi% 2 L (ratio of performance to standard deviation, RPD)=2. 5032, #f%} i
)R Y 2% (relative standard error of prediction, RSEP) =8. 625 4%, SEP/SEC=1. 946 8, i 4 ®I 7 3 21 4
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L1 ##5iRH

K IR FE S D HERR 24 h AR BEREEE N, WK T A5
LR T Rl nt b B A R R Lt R AR AT
AR B 2R P 24 TR W 3K (R i B U LA £ A S )
BNV 4~5 cn JEIGHCR . BT 4 CHFBE T k.
1.2 %=

SupNIR-1520 %5 #5 X 30T 21 40 S 3% 4 B4, BB Rl F
LMD B A FR 2 7l 5 TRACE 1310 RS A 46 3% 4%, 95 [
Thermo Scientific 2 #] .
1.3 FHi&
1.3.1 #eshkEag ke

ST SR AR AT 7 UR AT R A DU AR S R T K. DB R
SR AR b, R IR R PR R S B R FETE 4 R 25 C AT
TR 5020 ~60 26 o R A2 6T B o 445 A it 94 A 0800 55 0 7 063
KRSk b SR IO R i) 58 TT 5% A B UL W) i 107 0 A% B A X
B GRS HIEREDy 1 000~1 799 nm, 73 B3
10 nm, PEAHERHPE 0. 2 nm, PR EL PN £0. 05 nm,
WO BE M FE /N T 50 pAL ISR RGN 5 s, GGG IR A
WHCH 10 K BAFEMELRE 2 YORIEE R, BULFHHE
B A i 1 R 4 D3
1.3.2 Re B B3R JZ a9 ) 2

2 W [ G2 R GB/T9695. 24—2008( 4 5 A il i JH [
i 2 D ) B B SR AT A
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B A 85 S0 20 A G A AR B, I ol H A A
F9 RIMP SR04 B, e A o L[] 1 2 L Bodfe 5 00 s Bt — —
BRI 2 57 AF S 4E (Sample Set, SS). # Ji Kennard-Stone
EIDL 35 1+ 1 R4 J#% IE 4E (calibration set, CS). & iF4E
(validation set, VS) Fll45 56 £ (test set, TS),
14,2 ARG ksl BEA 0

53 991 2R FHFUE L I RO BT Y SG 19D, SGS, SRl IE DS
75 H 38 i (standard normalized variate, SNV) | IEA {2 5 & IE
(orthogonal signal correction, OSC) . %43 1 {5 5 (net signal
analysis, NAS) | 34k # 1E (baseline correction, BC) % i 4b
B 5 R A 5 vk Ak O, O ST AR B /N Z 3l 1 (partial
least squares, PLS) A,
1.4.3 MAGHKA

SR B TR S R R — B AR R T BT, ARSI R
F RIMP #fF BROA 09 S0 BR SR 0] BIDS IR B 2§ (mahanabios dis-

tance, MD)[®{H>1, 24 %% 2% (studentized residual, SR) T
fH=2.5.
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BT 5 R IE Al B0y R, R R, #a3EF 1, SEC #l SEP
BU/NEAMHE A 25 R %, RPD>=2.5, RSEP<<10%, SEP/
SEC<C1.2, PF /NN, 1 LR 2 8504 g 7 2 Joe A BT 22
FATAGRERIBOR 8 AR S 4.
1.4.5 BEA & FAA

¥ TSHM S ARMBER P, W 3Rk PV 5
RV Z a0y 2 M. TS #F i & B HERG, LA TS PV 5
RV iyzext 255 RV Z /N T % T RSEP JyiriE, WX
(1), Fi0 3% %E 7 £ 5 % Caccurate samples number, ASN),
TR F) T 00 A 7 R (prediction accuracy, PA) L) T 0 #E 55 kf
mn A TS % X B SR B A 4 RO

‘PVR;VR\I‘gRSEP D)

2 HR51HE

2.1 BEAEEENSILES N

B RN ERE RV S At 00 D01 1, Har A Ji [ o 43, 1~
73.3mg - (100 @) ', ZH K 30.2 mg + (100 g) ', Al WAL
AN [r] H [ B e B AT A il o3 A B M o A S T R R . B
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Fig. 1 Distribution of sample cholesterol reference values
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Table 1 List of cholesterol reference
values of pork sample groups
Min/[ mg * Max/[ mg * Mean/[ mg *
Set. Sum (100/[g)§1] (100 Ergl] (IOOVg[) *glj sD
SS 320 43.1 73.3 57.8 6.42
CS 192 44,3 73.3 57.9 6. 41
VS 64 43.1 72.4 64.0 6. 45
TS 64 45.3 71.5 63.5 6. 40
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Fig. 2 NIR spectra of single sample (a) and

SS (b) within medium wavelength region
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FSOEET L R 1L 4.2 UL BTk R 4L A T R IE AR
W GTE, gy PLS AL, 241k AN 18 J5 0 e A A,
2.3.1 TR EF L LBFERBERGRE

WAL I, SG 17D Hl SGS 43 51| £ IE 2 WG 1% th
M) FRGE M BEALE 5% . SNV AL IE AR & ] B 6 809 1™ A 1o
TR 2. NAS A1 OSC i FIE BRIL R IR RS . B0 7= A 1) gt
B, EREWEREMETLRANES, AT RLINERLE
il AL, BC £ B2 1 BR AL 4% 8 5t T PRI 7 J k&
AL XA OISR B B, S 7] 1914k By 3k %o 0 A I [
AR P 5 R L3 2,

FR2HR, £SCI"D A 1 5L SG 1MD J& SGS
AEFRE 11 SRR, HR, 435k 0.879 0 F1 0. 851 3, R, 435
4 0.573 4 F10.592 8, SEC 4%k 3. 106 3 f1 3. 421 2, SEP
S35 R 5.516 6 Fl 5.412 9 B4 F X B4l 16 SHAI Y R, =
0.832 1, R,=0.405 5, SEC=3. 684 9 fil SEP=7.885 0, i}
Wi R VOGS B BUF IR E, SRS TARGEER, A8
R A T A (B e N T KSR A i . T4 SGS AR 6
BRI R.=0.818 4, R,=0.403 4, SEC=3.817 5 fil SEP
=7.893 1 ¥ F Xt BRAL, 2% J7 15 T RE T3 45 1 &6 40 A R Y
{5 B 5T W, 3 BOB R a5 B T 3R AL

M2 SG 1"D 4. SGSA 4. SG 1¥D 5 SGS 41 4 i
Qb B R T A R A SR T A B A . 2~5 S BEAI Re AN
Rp ¥ L 1 BRAEL S, SG 19D 414 Tl &b 3 vk 4 e i % 5
B AL TE AR (R G R A 8 19 AT P R Y 25 1/ O i A
Ak Y LA P8R T . BRSO AR D A5 B k. T 7 ~10 5
FAL, B 8 5 R A FiTh e . HAh 3 A¥HBALT 6 A,
XA fig 5 SGS M FEH A G E BHRA K, T~10 S HIA

M R, B3P EJT, (RS B 4 T BORE Y 2 A X
BAR. 13~15 SR R AN R, 33935 T 11 SRR, T 12 54
BORWBIRART 11 58, X 0] 8= 08 SNV R g £
X e A R A Ak TS 2 R AR R Y
R 3 B0 7 A AR MEE 25 BR TG 5¢ 5 8 A9 [m] I 700 A 458 2K 45 15
MEARPEEFELS . SARE. 214 SG D45, SG 1
D 5 SGS 414 1Y Tl ab By 1 40 P25 BT # st g AL, H R, A
R, ¥4 R T, 00T X IR A SGS I AL, X LB
A DL A B R A T G R R T R A B e

IEL T T RS R P 25040 35 A L A8 0 o DA R 5 U
T R B RS 15 00 i S BR A BT i T AE T N 2
AU, 5 HAMEEIA L, 610 S B PF ZRIF £,
541 16 SHER PTF AR, S ERELWMERT PF
A5 R R DN A B, TERE R B 5 b 2 5L AR S T 3 Bl
& HABALR PF MIITE 3~7 Z A, AL T X IALA SGS
AH.
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Table 2 Comparison of different preprocessing methods

5 Ak F b 7y s SEC R. SEP R, PF
1 SG 18D None 3.106 3 0.876 0 5.516 6 0.5734 6
2 SG 18D SNV 3.0437 0.8842 5.2906 0.5977 6
3 SG 1D NAS 3.2460 0.8849 5.3281 0.5950 3
4 SG 18D 0OSC 2.8929 0.8946 5.6319 0.5759 4
5 SG 18D BC 3.1550 0.8790 5.4178 0.5904 7
6 SGS None 3.8175 0.8184 7.8931 0.4034 13
7 SGS SNV 4.079 4 0.786 8 6.6708 0.4324 11
8 SGS NAS 4.0021 0.8221 9.7651 0.4450 9
9 SGS OSC 4.6193 0.7017 6.4720 0.4603 8
10 SGS BC 5.2047 0.6220 5.7681 0.5086 9
11 SG19D+SGS  None 3.4212 0.8513 5.4129 0.5928 6
12 SG19D+SGS SNV 3.8086 0.8100 5.0562 0.6294 5
13 SG1%D+SGS NAS 3.1047 0.8777 5.2442 0.6199 3
14 SG19D+SGS 0OSC 2.9781 0.8831 5.2732 0.6174 4
15 SG19D+SGS  BC 3.5042 0.8452 5.3730 0.5997 7
16 None (R it 41) 3.6849 0.8321 7.8850 0.4055 13
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URARESLE 1, A 6 S BUE RFRE, JEh 1 6
R, b7t BERE G PR — 5 41 o A0 R 1 4
OB 1 FH R SMBT 4 BB R, FREMRE, BAAR N
BER 05 Lo SRR SO0 2 TE 00 (LS5 CS o i K8 4 b
BT B2 5 M T AT R SR A S0 R R BB 1
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Table 3 Effects of model optimization on predication performance

s Ak 5 ik SEC R. SEP R, PF SEP/SEC  RSEP/% RPD
SG 18D 3.106 3 0.876 0 5.516 6 0.573 4 6 1.775 9 9.544 3 2.063 5
1 SG 18D+ T1 2.298 4 0.935 5 5.643 4 0.577 0 8 2.455 4 9.763 7 2.788 9
SG 19D+ T2 3.357 1 0.856 4 5.190 4 0.623 5 5 1.546 1 8.979 9 1.909 4
SG 1D +SNV 3.043 7 0.884 2 5.290 6 0.597 7 6 1.738 2 9.153 3 2.106 0
2 SG 1D +SNV+T1 3.159 2 0.867 7 4.893 1 0.657 6 5 1.548 8 8. 465 6 2.029 0
SG 1D +SNV+T2 3.079 2 0.875 2 4.898 3 0.657 7 5 1.590 8 8.474 6 2.0817
SG 17D +NAS 3.246 0 0.884 9 5.328 1 0.595 0 3 1. 641 4 9.218 2 1.974 7
3 SG 1D +NAS+T1 2.659 8 0.908 2 5.193 8 0.621 6 3 1.952 7 8.985 8 2.410 0
SG 18D +NAS+T2 2.412 8 0.923 9 5.238 1 0.613 7 3 2.171 0 9.062 5 2. 656 7
SG 1D +0SC 2.892 9 0.894 6 5.6319 0.5759 4 1. 946 8 9.743 8 2.215 8
4 SG 1D+ 0SC+T1 2.186 7 0.940 8 5.505 8 0.604 6 5 2.517 9 9.525 6 2.931 4
SG 1D+ 0SC+ T2 2.555 9 0.917 8 5.386 9 0.604 3 4 2.107 6 9.319 9 2.507 9
SG 1%D+BC 3.155 0 0.879 0 5.417 8 0.590 4 7 1.717 2 9.373 4 2.0317
5 SG 1#D+BC+T1 2.438 0 0.927 4 5.411 0 0.614 1 8 2.219 4 9.361 6 2.629 2
SG 19D+BC+T2 2.208 5 0.941 0 5.303 3 0.628 5 8 2. 401 9.175 3 2.902 4
SG 1D+SGS 3.421 2 0.851 3 5.412 9 0.592 8 6 1.582 2 9.364 9 1.873 6
6 SG 19D+SGS+T1 2.918 6 0.893 4 5.413 0 0.618 8 7 1.854 7 9.365 1 2.196 3
SG 1D+SGS+ T2 3.006 6 0.886 4 5.2618 0.627 3 6 1.750 1 9.103 5 2.132 0
SG 19D+ SGS+SNV 3.808 6 0.810 0 5.056 2 0.629 4 5 1.327 6 8.747 8 1.683 0
7 SG 1D+SGS+SNV+T1 3.565 8 0.829 0 4.909 5 0.655 8 5 1.376 8 8.493 9 1.797 6
SG 18D+ SGS+SNV+T2 3.491 4 0.836 7 4.905 8 0.655 8 5 1. 405 1 8.487 5 1.835 9
SG 1'D+SGS +NAS 3.104 7 0.877 5.244 2 0.619 9 3 1.689 1 9.073 0 2.064 6
8 SG 1"D+SGS +NAS+T1  2.905 8 0.892 2 5.092 3 0.643 3 3 1.752 5 8.810 2 2.205 9
SG 1D+ SGS+NAS+T2 2.7310 0.903 2 5.030 6 0.652 7 3 1.842 0 8.703 5 2.347 1
SG 1D+ SGS+0SC 2.978 0.883 1 5.273 2 0.617 4 4 1.770 7 9.123 2 2.152 4
9 SG 1#D+SGS +0OSC+T1  2.847 0 0.8915 5.125 6 0.634 5 4 1. 800 4 8.867 8 2.2515
SG 1"D+SGS +0SC+T2  2.560 0.913 7 4.985 5 0. 656 7 4 1. 946 9 8.625 4 2.503 2
SG 1D+ SGS+BC 3.504 2 0.845 2 5.373 0 0.599 7 7 1.533 3 9.295 8 1.829 2
10 SG 18D+SGS +BC+T1 2.881 3 0.897 1 5.397 2 0.618 5 8 1.873 2 9.337 7 2.224 7
SG 19D+ SGS+BC+T2 2.498 4 0.922 1 5.111 6 0.650 7 8 2.045 9 8.843 6 2.565 6
None i 41D 3.684 9 0.832 1 7.8850 0.405 5 13 2.139 8 13.641 9 1.739 5
11 None+T1Cx} BR41) 3.060 0 0.887 3 8.114 3 0.425 0 14 2.651 7 14. 038 6 2.094 8
None+ T2 B 41) 2.998 7 0.892 6 8.103 5 0.436 0 14 2.702 3 14.019 9 2.137 6
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Fig. 3 Scatter diagram of pork cholesterol PVs and RVs of CS
(a) and VS (b)
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Table 4 Predication accuracy of test set

applied by pork cholesterol model

Noo Iial‘;f; o] Sum ASN . PA T-test
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3 50~55 99 100,00 1.16(P>0.05)
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On-Line Noninvasive Prediction of Cholesterol Level of Fresh Pork within
NIR Medium Wavelength Region with Portable Near-Infrared
Spectrometer

WANG Hui', TIAN Han-you', ZHANG Shun-liang' , ZHANG Hao*, ZHAO Bing', LI Jia-peng', QIAO Xiao-ling'*

1. Beijing Key Laboratory of Meat Processing Technology, China Meat Research Center, Beijing 100068, China

2. Beijing Key Laboratory of Functional Dairy, College of Food Science and Nutritional Engineering, China Agricultural Univer-
sity, Beijing 100083, China

Abstract Portable near infrared spectrometer was applied to collect 320 pieces of fresh pork spectral information in NIR medium
wavelength region. Prediction models of fresh pork cholesterol level with NIR spectroscopy were established through partial least
squares method combined with different spectroscopy preprocessing methods. The effects of outlier samples elimination and com-
bination of different preprocessing methods on the prediction model performance were discussed. The result showed that the op-
timum prediction model of fresh pork cholesterol level was achieved with the application of two optimization procedures, elimina-
ting outliers twice and combination of SG first order derivative, SG smoothing and orthogonal signal correction, and the relevant
parameters as follows: R, =0.913 7. SEC=2.560 7, R, =0.656 7, SEP=4.985 5, MF=4, RPD=2.503 2, RSEP =
8.625 4%, SEP/SEC=1. 946 8, which indicated the reliability, resolution capacity and prediction accuracy of this model in NIR
medium wavelength region were acceptable. The robustness of optimal prediction model could be further improved by adding
more representative and typical sample of different cholesterol level range into the calibration set. Paired-samples #-test showed
non-significance between the predicted value and reference value (p=>0.05), and the total prediction accuracy of testing samples
was 62.5% , and partial prediction accuracy was 91. 7% in cholesterol range of 50~70 mg « (100 g) ', which showed that this
model could be applied into on-line rapid preliminary quantitative analysis of cholesterol level of fresh pork. In this research it
was the first time that portable near-infrared spectrometer was applied into the analysis and detection of cholesterol level of fresh
pork products within NIR medium wavelength region, and with further study and improvement, the prediction model could also
be applied to raw material classification, quality and process control, random inspection of commercially available meat and meat

products.

Keywords Portable near-infrared spectrometer; NIR medium wavelength region; On-line noninvasive prediction; Fresh pork;

Cholesterol level
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