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Fast analysis on nutrient of silver carp based on near infrared spectroscopy
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ABSTRACT: Objective To explore a rapid analysis method for nutrient of silver carp through collecting
near infrared spectroscopy and determining nutrient. Methods The near infrared (NIR) spectra of 254 silver
carp samples were collected. The diffuse reflectance spectra of samples were performed with different spectral
pretreatments, such as multiplicative scatter correction (MSC), orthogonal signal correction (OSC), and
standardization (S). The near infrared quantitative analysis models were obtained by partial least square (PLS)
regression, principal component analysis (PCA) combined with back propagation artificial neural network
(BP-ANN), partial least square combined with back propagation artificial neural network with 1000~1799 nm,
respectively. Results The results showed that the protein content of silver carp ranged from 12.05% to
19.05%, the fat content from 0.24% to 5.27%, the moisture content from 72.62% to 80.58%, and the ash
content from 0.46% to 1.50%. The nutrient measured values met the modeling requirements. The analysis
models obtained by PLS were the best. The correlation coefficients of the models were 0.9969, 0.9925, 0.9831
and 0.9976 for protein, fat, moisture and ash content, respectively. Conclusion The results indicated that the
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models exhibited an acceptable fitting accuracy and predictive ability of analysis of protein, fat, moisture and
ash content of silver carp by NIRS.
KEY WORDS: near infrared spectroscopy; silver carp; nutrient; partial least square; principal component
analysis; artificial neural network
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Fig. 1 NIR spectra of 254 silver carp samples
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Table 1 The chemical measured values of nutrient
of silver carp

1% 1% 1%
254 19.52 12.05 16.56 1.41
254 5.27 0.24 1.61 0.78
254 80.58 72.62 76.97 1.36
254 1.50 0.46 1.15 0.16
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Table 2 Statistical parameters of crude protein model under 20 different spectral pretreatments by PLS
SEC Re SECV SEP Re PF
savitzky-Golay Savitzky-Golay 0.0067 0.8839 0.0072 0.0075 0.8493 6
(MSC)
Savitzky-Golay savitzky-Golay 0.0059 0.9101 0.0072 0.0068 0.8842 9
(SNV)
Savitzky-Golay Savitzky-Golay 0.0058 0.9150 0.0069 0.0070 0.8797 9
(DT)
Sa‘(',:;zkg)' Golay 0.0064 0.8946 0.0070 0.0074 0.8559 6
(N) 0.0012 0.9969 0.0057 0.0046 0.9459 20
S) 0.0012 0.9965 0.0054 0.0048 0.9401 20
(MSC) Savitzky-Golay 0.0045 0.9500 0.0070 0.0066 0.9008 14
Savitzky-Golay 0.0022 0.9891 0.0065 0.0057 0.9223 20
(MSC) (S) 0.0025 0.9852 0.0073 0.0071 0.8795 15
(MSC) Savitzky-Golay 0.0044 0.9513 0.0093 0.0072 0.8519 7
(MSC) 0.0012 0.9965 0.0066 0.0066 0.9051 20
(NAS) 0.0011 0.9969 0.0049 0.0046 0.9458 14
(0SC) 0.0008 0.9984 0.0051 0.0047 0.9434 16
(DT) 0.0013 0.9962 0.0058 0.0053 0.9320 17
Savitzky-Golay 0.0038 0.9640 0.0082 0.0062 0.8878 8
(SNV) 0.0014 0.9955 0.0065 0.0065 0.9068 19
(MSC) 0.0016 0.9941 0.0065 0.0065 0.9057 18
Savitzky-Golay 0.0038 0.9640 0.0082 0.0062 0.8878 8
Savitzky-Golay Savitzky-Golay 0.0042 0.9553 0.0081 0.0068 0.8709 9
Savitzky-Golay Savitzky-Golay 0.0056 0.9218 0.0073 0.0053 0.9239 10
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Table 3 Statistical parameters of crude protein model under different spectral bands by PLS

fnm SEC Re SECV SEP Re PF
1000~1799 0.0011 0.9969 0.0049 0.0046 0.9458 14
1000~1350 1450~1799 0.0008 0.9986 0.0061 0.0049 0.9331 17
1000~1300 1700~1799 0.0065 0.9065 0.0083 0.0060 0.9063 7
1160~1350 1500~1799 0.0024 0.9861 0.0062 0.0049 0.9372 10
1000~1200 1300~1450 0.0050 0.9419 0.0074 0.0070 0.8930 9
1000~1200 1300~1650 0.0011 0.9973 0.0050 0.0068 0.8742 16
1000~1450 0.0027 0.9833 0.0067 0.0079 0.8636 12
1000~1650 0.0011 0.9972 0.0050 0.0067 0.8779 16
1000~1700 0.0013 0.9960 0.0052 0.0063 0.8924 14
1000~1760 0.0008 0.9987 0.0050 0.0052 0.9276 17

x4 SBEFROMRERNZRREMFESY

Table 4 The optimum parameters of PLS models of silver carp

/nm
1000~1799 (NAS) 14
1000~1799 (0sC) 10
1000~1799 (S) 16
1000~1799 (0sC) 14

*5 EBEEFHI RN ZREHATIEIESR

Table 5 Internal validation results of PLS models of silver carp

SEC Re SECV SEP Re
0.0011 0.9969 0.0049 0.0046 0.9458
0.0010 0.9925 0.0022 0.0043 0.7579
0.0025 0.9831 0.0058 0.0072 0.8045

0.0001 0.9976 0.0005 0.0006 0.9175
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Table 6 Statistical parameters of crude protein model under 20 different spectral pretreatments by PCA-ANN
SEC Rc SEP Re
Savitzky-Golay Savitzky-Golay (MSC) 0.0088 0.8099 0.0069 0.8465
Savitzky-Gol Savitzky-Gol SNV
avitziy-olay avitziy-=olay (SNV) 0.0086 0.8178 0.0072 0.8395
Savitzky-Golay Savitzky-Golay (DT) 0.0083 0.8288 0.0070 0.8495
Savitzky-Golay (MSC) 0.0084 0.8267 0.0071 0.8427
(N) 0.0093 0.7788 0.0081 0.7837
(S) 0.0083 0.8307 0.0065 0.8677
(MSC)  Savitzky-Golay 0.0087 0.8089 0.0074 0.8318
Savitzky-Golay 0.0093 0.7778 0.0081 0.7835
(MSC) (S) 0.0097 0.7779 0.0089 0.7763
(MSC)  Savitzky-Golay 0.0130 0.5237 0.0091 0.7634
(MSC) 0.0086 0.8129 0.0074 0.8342
(NAS) 0.0127 0.5426 0.0100 0.6399
(0SC) 0.0104 0.7107 0.0084 0.7601
(DT) 0.0086 0.8182 0.0072 0.8367
Savitzky-Golay 0.0129 0.5648 0.0096 0.7389
(SNV) 0.0086 0.8126 0.0074 0.8338
(MSC) 0.0089 0.8029 0.0072 0.8415
Savitzky-Golay 0.0129 0.5648 0.0096 0.7389
Savitzky-Golay Savitzky-Golay 0.0083 0.8301 0.0074 0.8368
Savitzky-Golay Savitzky-Golay 0.0082 0.8339 0.0073 0.8411
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Table 7  Statistical parameters of crude protein model under different spectral bands by PCA-ANN

/nm SEC Rc SEP Re
1000~1799 0.0083 0.8307 0.0065 0.8677
1000~1350 1450~1799 0.0083 0.8278 0.0065 0.8648
1000~1300 1700~1799 0.0087 0.8097 0.0078 0.8046
1160~1350 1500~1799 0.0087 0.8097 0.0078 0.8027
1000~1200 1300~1450 0.0085 0.8190 0.0067 0.8635
1000~1200 1300~1650 0.0084 0.8248 0.0069 0.8506
1000~1450 0.0083 0.8289 0.0068 0.8605
1000~1650 0.0082 0.8427 0.0069 0.8653
1000~1700 0.0083 0.8488 0.0063 0.8777
1000~1760 0.0081 0.8533 0.0069 0.8781
7 , 1000~1760 nm 1000~1350 1450~1799 nm,
, 0.8533 0.8848
0.8781, : 223 ARI N ZFAe BP A LAPE W LAEE
BP
1000~1760 nm, : : 20 :
0.8533, 0.0081, BP
0.8781, 0.0069 , 10
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Table 8 The optimum parameters of PCA-ANN models
9 of silver carp
8 9 , BP i
’ ’ 1000~1760 ®)
1000~1760 nm, 1000~1799 ()
0.8533; 1000~1799 1000~1760 (S)
nm, 0.8732; 1000~1350 1450~1799 )
1000~1760 nm, 0.8520,

*9 BEEEFHSEMS D FIATHRE W EEE AR ARG IELE R

Table 9 Internal validation results of PCA-ANN models of silver carp
SEC Rc SEP Re
0.0081 0.8533 0.0069 0.8781
0.0044 0.8732 0.0056 0.6693
0.0076 0.8520 0.0076 0.7789
0.0008 0.8848 0.0008 0.8658
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Table 10 Statistical parameters of crude protein model under 20 different spectral pretreatments by PLS-ANN

SEC Re SEP Re
Savitzky-Golay Savitzky-Golay (MSC) 0.0066 0.8992 0.0065 0.8740
Savitzky-Golay Savitzky-Golay (SNV) 0.0066 0.8979 0.0063 0.8831
Savitzky-Golay Savitzky-Golay (DT) 0.0065 0.9027 0.0064 0.8815
Savitzky-Golay (MSC) 0.0063 0.9140 0.0070 0.8519
(N) 0.0076 0.8856 0.0072 0.8990
(S) 0.0046 0.9500 0.0063 0.9188
(MSC) Savitzky-Golay 0.0066 0.9059 0.0070 0.8517
Savitzky-Golay 0.0076 0.8758 0.0071 0.8925
(MSC) S 0.0052 0.9430 0.0063 0.8772
(MSC) Savitzky-Golay 0.0051 0.9528 0.0073 0.8356
(MSC) 0.0049 0.9451 0.0066 0.8793
(NAS) 0.0145 0.5077 0.0140 0.5944
(0SC) 0.0087 0.8106 0.0070 0.8468
(DT) 0.0071 0.8796 0.0074 0.8321
Savitzky-Golay 0.0085 0.8231 0.0075 0.8358
(SNV) 0.0049 0.9453 0.0066 0.8799
(MSC) 0.0040 0.9634 0.0065 0.9022
Savitzky-Golay 0.0085 0.8231 0.0075 0.8358
Savitzky-Golay Savitzky-Golay 0.0101 0.8095 0.0100 0.8298
Savitzky-Golay Savitzky-Golay 0.0087 0.8112 0.0079 0.8495
10 , 0.9634, 0.0040,
, 0.9022, 0.0065
, 0.9634 0.9022, ,
, BP
12
13
, 11 12 13 , BP
11 , 1000~1760 nm ,
, 0.9641, 1000~1799 nm,
0.8926, , , 0.9634;
1000~1799 nm , , 1000~1799 nm,

, Savitzky-Golay
0.9784;
1000~1799 nm, , 1000~1760 nm,
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Table 11  Statistical parameters of crude protein model under different spectral bands by PLS-ANN

/nm SEC Rc SEP Re
1000~1799 0.0040 0.9634 0.0065 0.9022
1000~1350 1450~1799 0.0052 0.9373 0.0061 0.8903
1000~1300 1700~1799 0.0061 0.9340 0.0066 0.8618
1160~1350 1500~1799 0.0049 0.9518 0.0065 0.8720
1000~1200 1300~1450 0.0071 0.9078 0.0070 0.8464
1000~1200 1300~1650 0.0052 0.9418 0.0071 0.8453
1000~1450 0.0063 0.9245 0.0068 0.8585
1000~1650 0.0034 0.9736 0.0072 0.8663
1000~1700 0.0052 0.9381 0.0072 0.8508
1000~1760 0.0040 0.9641 0.0067 0.8929

*12 BeEFRRSRRND_FMATHEWEEB M RERG
Table 12 The optimum parameters of PLS-ANN models of silver carp

/nm
1000~1799 (MSC)
1000~1799 (MSC) Savitzky-Golay
1000~1760 S
1000~1799 (SNV)

%* 13 BEEFRMSRENZFTMALHEWEER R REBEIELE R

Table 13  Internal validation results of PLS-ANN models of silver carp

SEC Rc SEP Rp
0.0040 0.9634 0.0065 0.9022
0.0018 0.9784 0.0051 0.6547
0.0033 0.9762 0.0070 0.8169
0.0003 0.9777 0.0007 0.9017
, 0.9762, 0.9831, 0.8045;
1000~1799 nm, 0.9976, 0.9175,
0.9777
224 RAREE S TR RAARE 69 HE , 2
3 , Y,=0.9989X; 0.00017506,
Y,=0.98429X,
0.9969, 0.00025904, Y,=0.96651X,
0.9458; 0.9925, 0.025784, Y,=0.99633X,

0.7579; 0.000038918
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Table 14 Predicted results of nutrient models of silver carp
1% 19.24  19.09 0.59 3.97 2.34 1.77  80.27 79.29 1.69 1.38 1.40 0.19
1% 1381  13.37 -1.45 0.24 0.61 -0.92 7478 74.92 -1.98 0.63 0.64 -0.11
1% 16.70  16.84 -0.14 1.53 1.51 0.01 77.10 77.16 -0.06 1.16 1.15 0.01
1% 1.31 1.35 0.44 0.66 0.43 0.44 1.23 0.98 0.73 0.15 0.13 0.06
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