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Model optimization for determination of moisture, fat, protein and
ash in chia seed by near infrared spectroscopy

PENG Bingian, PANG Yuehong, SHEN Xiaofang
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract ; Determination of moisture, fat, protein and ash, four important quality indexes of chia seed,
are based on chemical method, which is tedious, time — consuming, laborious, and can’t monitor multi-
ple indexes simultaneously. 103 chia seed samples from various producing areas were collected. A total of
19 kinds of spectral pretreatment and selection of optimal spectral range, the partial least — squares mod-
els of moisture, fat, protein and ash in chia seed were established. The results showed that the spectra
were processed by Savitzky — Golay filter (SG) for moisture ; the combination of first derivative (1st) and
multiplicative signal correction ( MSC) was found to be the best preprocessing method for fat model ; pro-
tein was pretreated with 1st, standard normal variate (SNV) and SG; for the detection of ash, 1st, SNV
and Norris derivative filter (ND) spectral pretreatment method was better. Furthermore, new models were
developed with the selected optimal pretreatments by artificial process. For moisture, fat, protein and ash,
the correlation coefficients of prediction set were 0.993, 0.972, 0.925 and 0. 923, respectively. Accord-
ingly, near infrared spectroscopy could achieve the simultaneous, rapid and nondestructive detection of
moisture, fat, protein and ash in chia seed to improve the detection efficiency for massive samples.
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TR r RMSECV/%  RPD RSD/ % r RMSEP/%  RPD RSD/ % ERTH
NONE 0.975 0.32 4.5 5.6 0.983 0.26 5.4 4.4 9
MSC 0.986 0.24 5.9 4.2 0.981 0.28 5.1 4.7 13
SNV 0.985 0.25 5.8 4.3 0.959 0.41 3.5 6.8 12
Ist 0.980 0.29 5.0 5.0 0.984 0.26 5.5 4.3 5
2nd 0.867 0.74 2.0 12.7 0.893 0.72 2.0 12.0 5
SG 0.976 0.32 4.6 5.5 0.992 0.19 7.4 3.2 10
MSC + 1st 0.979 0.29 4.9 5.1 0.976 0.31 4.6 5.2 4
MSC +2nd 0.877 0.70 2.1 12.1 0.897 0.65 2.2 10.8 3
MSC +SG 0.986 0.24 5.9 4.2 0.979 0.29 4.9 4.9 13
MSC + 1st + SG 0.980 0.29 5.1 4.9 0.980 0.28 5.0 4.7 5
MSC + 1st + ND 0.983 0.26 5.5 4.5 0.990 0.20 7.2 3.3 8
MSC +2nd + SG 0.960 0.41 3.6 7.0 0.954 0.42 3.4 7.0 3
MSC +2nd + ND 0.982 0.28 5.3 4.8 0.987 0.23 6.3 3.8 8
SNV +1st 0.979 0.30 4.9 5.1 0.977 0.30 4.7 5.0 4
SNV +2nd 0.877 0.71 2.1 12.2 0. 885 0.68 2.1 11.3 3
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EiEBULE r RMSECV/%  RPD RSD/ % r RMSEP/%  RPD RSD/ % ERTH
SNV +SG 0.985 0.25 5.7 4.4 0.959 0.41 3.5 6.8 12
SNV + 1st + SG 0.980 0.29 5.1 4.9 0.982 0.27 5.2 4.6 5
SNV +1st + ND 0.983 0.26 5.5 4.6 0.983 0.26 5.5 4.3 9
SNV +2nd + SG 0.961 0.40 3.6 6.9 0.950 0.44 3.2 7.3 3
SNV +2nd + ND 0.982 0.28 5.3 4.7 0.988 0.22 6.5 3.7 8
T :NONE #7 Tk Bt . T

%3 EFLRBNTRARETLE FEBEREEER
St Lz LR EHTH
r RMSECV/%  RPD RSD/ % r RMSEP/%  RPD RSD/ %
NONE 0.878 0.84 2.2 2.5 0.955 0.64 3.1 1.9 6
MSC 0.883 0.82 2.2 2.5 0.935 0.73 2.7 2.2 7
SNV 0.884 0.82 2.2 2.5 0.945 0.70 2.9 2.1 7
Ist 0.815 1.02 1.8 3.1 0.969 0.55 3.6 1.7 6
2nd 0.576 1.43 1.3 4.3 0.602 1.61 1.2 4.9 3
SG 0.872 0.85 2.1 2.6 0.955 0.64 3.1 1.9 6
MSC +1st 0.843 0.95 1.9 2.8 0.970 0.54 3.7 1.6 6
MSC +2nd 0.601 1.40 1.3 4.2 0.590 1.62 1.2 4.9 1
MSC +SG 0.876 0.84 2.1 2.5 0.939 0.72 2.8 2.2 6
MSC +1st + SG 0.857 0.91 2.0 2.7 0.968 0.55 3.7 1.7 6
MSC +1st + ND 0.902 0.75 2.4 2.3 0.948 0.65 3.1 2.0 6
MSC +2nd + SG 0.684 1.27 1.4 3.8 0.624 1.57 1.3 4.8 1
MSC +2nd + ND 0.895 0.78 2.3 2.4 0.912 0.83 2.4 2.5 7
SNV +1st 0. 820 1.01 1.8 3.0 0.967 0.57 3.5 1.7 6
SNV +2nd 0. 600 1.40 1.3 4.2 0.589 1.62 1.2 4.9 1
SNV +5G 0.873 0.86 2.1 2.6 0.945 0.70 2.9 2.1 7
SNV +1st + SG 0.836 0.97 1.9 2.9 0.969 0.55 3.7 1.7 6
SNV +1st + ND 0.904 0.75 2.4 2.3 0.953 0.62 3.2 1.9 7
SNV +2nd + SG 0.682 1.28 1.4 3.9 0.626 1.57 1.3 4.8 1
SNV +2nd + ND 0.899 0.77 2.3 2.3 0.935 0.72 2.8 2.2 8
#4 ETF2RBORRXERLETEARIFEHELR

. 4 KIE .
TR r RMSECV/%  RPD RSD/ % r RMSEP/%  RPD RSD/ % ERTH
NONE 0.773 1.63 1.6 7.2 0.751 1.91 1.4 8.6 6
MSC 0.820 1.46 1.8 6.5 0.741 1.88 1.4 8.5 6
SNV 0. 806 1.51 1.7 6.7 0.738 1.91 1.4 8.6 6
Ist 0.850 1.33 2.0 5.9 0.781 1.72 1.6 7.7 6
2nd 0.690 1.83 1.4 8.1 0.624 2.16 1.3 9.7 2
SG 0.773 1.63 1.6 7.2 0.751 1.91 1.4 8.6 6
MSC +1st 0.851 1.33 2.0 5.9 0. 808 1.63 1.7 7.3 5
MSC +2nd 0.697 1.81 1.4 8.0 0.552 2.32 1.2 10.5 2
MSC +SG 0. 820 1.46 1.8 6.5 0.740 1.88 1.4 8.5 6
MSC + 1st + SG 0.855 1.31 2.0 5.8 0.820 1.58 1.7 7.1 5
MSC +1st + ND 0.852 1.33 2.0 5.9 0.765 1.83 1.5 8.2 7
MSC +2nd + SG 0.768 1.63 1.6 7.2 0.661 2.13 1.3 9.6 4
MSC +2nd + ND 0.843 1.36 1.9 6.0 0.824 1.59 1.7 7.2 6
SNV + 1st 0. 844 1.35 1.9 6.0 0.821 1.58 1.7 7.1 5
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" ReIESE Kol .
HHBULE r RMSECV/%  RPD RSD/ % r RMSEP/ % RPD RSD/ % ERTR
SNV +2nd 0. 694 1.82 1.4 8.1 0.554 2.32 1.2 10.5 2
SNV + SG 0. 806 1.51 1.7 6.7 0.738 1.91 1.4 8.6 6
SNV + Ist +SG 0.850 1.33 2.0 5.9 0.831 1.54 1.8 6.9 5
SNV + 1st + ND 0.843 1.36 1.9 6.0 0.763 1.81 1.5 8.2 6
SNV +2nd + SG 0.760 1.65 1.6 7.3 0.672 2.10 1.3 9.5 4
SNV +2nd + ND 0. 840 1.38 1.9 6.1 0. 825 1.59 1.7 7.2 6
£5 ETSREBNRAXERLE TR IEREEER

. ReIESE RiF s o
HHEBULE r RMSECV/%  RPD RSD/ % r RMSEP/ % RPD RSD/ % ERTR
NONE 0.764 0.28 1.5 6.0 0.721 0.27 1.5 5.8 7
MSC 0.795 0.26 1.5 5.7 0.762 0.25 1.6 5.4 9
SNV 0.778 0.25 1.6 5.5 0.684 0.30 1.4 6.4 5
st 0.651 0.30 1.3 6.5 0.659 0.29 1.4 6.3 3
2nd 0.060 0.43 0.9 9.4 0.216 0.39 1.0 8.5 1
SG 0.764 0.28 1.5 6.0 0.721 0.27 1.5 5.8 7
MSC + 1st 0.709 0.28 1.5 6.0 0.697 0.27 1.5 6.0 5
MSC +2nd 0.102 0.42 1.0 9.1 0.265 0.40 1.0 8.6 1
MSC + SG 0.795 0.26 1.5 5.7 0.761 0.25 1.6 5.4 9
MSC + 1st + SG 0.732 0.27 1.5 5.8 0.698 0.27 1.5 6.0 5
MSC + 1st + ND 0. 800 0.24 1.7 5.2 0. 880 0.18 2.2 4.0 9
MSC +2nd + SG 0.581 0.32 1.3 6.9 0.403 0.35 1.1 7.7 3
MSC +2nd + ND 0.788 0.24 1.7 5.3 0. 841 0.21 1.9 4.6 8
SNV + Ist 0.691 0.28 1.4 6.2 0. 687 0.28 1.4 6.0 5
SNV +2nd 0.125 0.42 1.0 9.1 0.259 0.40 1.0 8.7 1
SNV + SG 0.778 0.25 1.6 5.5 0.684 0.30 1.4 6.4 5
SNV + 1Ist +SG 0.713 0.28 1.4 6.0 0. 690 0.28 1.4 6.0 5
SNV + 1st + ND 0.798 0.25 1.6 5.5 0.899 0.17 2.4 3.7 9
SNV +2nd + SG 0.586 0.32 1.3 6.9 0.383 0.36 1.1 7.7 3
SNV +2nd + ND 0.781 0.25 1.6 5.3 0. 838 0.22 1.9 4.7 8
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