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Application of Band Optimization of Near-infrared Spectra for

Quantitative Detection of Proteins in Northeastern Pine Nuts
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Abstract: Near-infrared (NIR) spectroscopy was performed to develop a fast, nondestructive, and simple method to test the quality of
Northeastern pine nuts. Using shelled and deshelled pine nuts, quantitative analysis models of proteins in the nuts were established using partial
least squares (PLS) and the models were optimized by derivation, multiplicative scatter correction (MSC), standard normal variate (SNV), and
vector normalization pretreatment. Backward interval partial least squares (BiPLS) and elimination of uninformative variables (UVE) were used
to select characteristic bands to establish PLS protein prediction models with full wavelength and characteristic bands. The results showed that
the models established after preprocessing with vector normalization and SNV exhibited optimal performance for deshelled and shelled pine
nuts, respectively. The models were optimized by band selection and the optimum screening result was presented using BiPLS. The correlation
coefficients (R¢) of calibration subset of the protein models for deshelled and shelled pine nuts were 0.9056 and 0.9383, respectively. The
root-mean-square error (RMSE) values of the validation subset were 0.6670 and 0.5761, respectively. Therefore, after optimization, the model
prediction performance was improved, thus providing a reference point for online testing of proteins in deshelled and shelled pine nuts.
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Table 1 Distribution of proteins in pine nut samples

Protein/%
Data set Samples

Max Min Mean S.D.
Total 134 24.98 12.79 16.46 2.36
Calibration of pine nuts with peel 104 24.98 12.79 16.71 2.57
Prediction of pine nuts with peel 30 17.45 13.36 15.58 1.08
Calibration of peeled pine nuts 104 24.98 12.79 16.66 2.58
Prediction of peeled pine nuts 30 18.38 13.89 15.78 1.16
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Fig.3 Reflectance spectra of the original pine nuts
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Fig.4 Results of derivative model in different window widths
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Table 2 Protein PLS models of pine nuts by different pretreatment methods

Pine nuts with peel Peeled pine nuts
Method
R. RMSEC Rp RMSEP R, RMSEC Rp RMSEP

Raw 0.8308 0.7273 0.7979 0.7688 0.8988 0.5883 0.8674 0.6250
SNV 0.8860 0.6569 0.8458 0.6926 0.9144 0.5695 0.8817 0.6095
MSC 0.8780 0.6699 0.8419 0.6972 0.9128 0.5713 0.8796 0.6125

Normalization 0.8876 0.6548 0.8538 0.6913 0.8767 0.6165 0.8412 0.6566
1-Der 0.8767 0.6715 0.8371 0.7029 0.8848 0.6073 0.8494 0.6470
2-Der 0.8645 0.6858 0.8294 0.7320 0.8648 0.6290 0.8336 0.6651
e IR

2.4 FHAE K Hy A
0.570 10.69

EWBOLREEREBIEE R, SHIIRERZ,
EROHE TAEER, ACERRHREG, ARG PR
FELAGTIN, T H AL B E R LA, A5 Tt
RIS RS, Pltt, EEER T, Zich
R e BN DX 3o SR T B 1) ] I i e /) — 3R ik
(Backward interval partial least squares, BiPLS)'"/FITG
f& B A% & 4 Bk ¥% (Elimination of uninformative
variables, UVE)!" 285l FiAbFR M YRR, E4T
¥ dibpudil e

BiPLS R (RCR 2 2| AR 7 B R0, )
HOEUIN, S AHE BRI X IR ORI,
THEER, @R, BEHEAAGEH D, B
5 Fras ANl o BEOR S Fe kAT AL Tehn T g A

306

-e-pine nuts with peel
-e-peeled pine nuts

0.568

0.566 0.67

RMSECV
ADASINY

0.564, 0.66

0.562 0.65

0'56010 1I2 ll4 1I6 1I8 2I0 2I2 2I4 2I6 2I8 3(9'64
partition number
5 TEDEBIRELTMNLER
Fig.5 Model evaluation results of different numbers of partition
HIE 5 Al a8 15 A 10 i, Zeid i
print); 42 9 S P & 2 et VA i it v W0 Bih 6 28
A F A2 MO ik B 245 SR 6 Fir



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.11

7INo

a vector normalization

0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

0.00 v L :
900 1000 1100 1200 1300 1400 1500 1600 1700

reflectance

wavelength / nm

b 3.0 SNV
2.5
2.0
1.5
1.0
0.5
0.0

-0.5

10
-1.U

k.
1s B
2.0

900 1000 1100 1200 1300 1400 1500 1600 1700

wavelength / nm
[El 6 BiPLS JRERTHIELER
Fig.6 Band selection results of BiPLS
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Table 3 Results of model evaluation under full wavelength and characteristic bands

Sample Method  No. of variables R, RMSEC Rp RMSEP
None 117 0.8876 0.6548  0.8538  0.6913
Pine nuts with peel BiPLS 56 0.9056 0.6346  0.8766  0.6670
UVE-PLS 94 0.8879 0.6544  0.8584  0.6861
None 117 0.9144 0.5695  0.8817  0.6095
Peeled pine nuts BiPLS 37 0.9383 0.5400  0.9031  0.5761
UVE-PLS 88 0.9293 0.5527  0.8867  0.5928
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Fig.9 Predication results of protein content in the pine nuts
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