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Abstract: A quantitative method of main components (total sugar, reducing sugar, total acid, ammonia nitrogen,
anthocyanins, procyanidins, total phenols, flavonoids and polysaccharides) in Lycium ruthenicum Murr was developed
using Fourier transform near infrared spectroscopy (FT-NIR) combined with chemometric analysis. Firstly, 11 pretreatment
methods were compared for the original spectra, and the optimal pretreatment method of each component was selected.
Then, the model results established by partial least squares (PLS), interval partial least squares (iPLS) and synergistic
interval partial least squares (siPLS) algorithms were compared, and finally siPLS was adopted for modeling. The results
showed that the correlation coefficient of calibration (Rc) and prediction (Rp) of total acids, ammonia nitrogen,
anthocyanins, procyanidins, total phenols and flavonoids were all greater than 0.9818, and the relative analysis error (RPD)
was more than 2.5, indicating an excellent model performance. The modeling effect of total sugar, reducing sugar, and
polysaccharide was also good. The established calibration models could be used for actual detection. The predicted values
of the verification samples did not significantly differ from the measured values, with a prediction error of only +0.1%.
Therefore, the prediction model had high reliability. The prediction model established in this study can enable
nondestructive, rapid and accurate main components in dried and fresh fruits of Lycium ruthenicum Murr.
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5, BIBIRNZ AURR J1hy, Fe 2 )2 5 4 2, D HASIRIAN
HAZ AR T
1.3 iR

ffi ] OPUS 7.2 #4748 HL T 21 A0S R 4R,
The Unscrambler X 10.4 3 7 45 %Y 4 28 5 43 ¥,
Origin 2022 %44 1#, SPSS statistics 22.0 B384 7
T K556
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R BRI i B

Table 1 Chemical values of main components of Lycium ruthenicum Murr samples
3%y P i (mg/g) SEH{E (mg/g) FrifE2E % Hlnse i (mg/g) FHME (mg/g) bR
o KIESE 132.40~870.05 394.39 20.97 e WIESE 0.69~7.83 3.83 0.27
S N VIATE N
LisaficS 130.48~818.32 386.94 20.66 BHIFSE 0.69~5.83 3.30 0.27
B IE4E 105.97~481.40 271.25 16.59 . KIEAR 14.95~37.93 27.61 2.59
R JEHE . Y .
LisafiecS 102.37~400.40 243.21 16.97 Y TF4E 14.85~37.43 26.12 2.60
- B IE4E 1.70~7.82 4.90 0.27 o BIE4E 4.05~41.21 16.46 0.66
LA 1.69~6.97 4,52 0.28 BTE4E 15.21~33.79 26.45 2.47
e B IE4E 2.40~7.38 5.41 0.38 o W IEAR 15.21~43.50 28.63 2.20
= OUFEE 2.31~7.35 4.98 0.39 Lialie:S 14.77~41.21 26.45 226
" B IE4E 0.70~21.77 7.92 0.28
WHEE -
LAl 1.30~15.83 6.72 0.52
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|s152

8762

t
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BT SRR S R T LA 1A
Fig.1 FT-NIR spectroscopy of Lycium ruthenicum Murr
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Table 2  Effects of different spectral pretreatment methods on the establishment of prediction model of
main components in Lycium ruthenicum Murr
, , o iy I,
Tk 7 =,
Rc RMSEC Rp RMSEP PCs Rc RMSEC Rp RMSEP PCs Rc RMSEC Rp RMSEP
NSDP 6 0.8862 4440 0.8752 46.00 4 08583 4370 0.8300 41.30 6 0.8077 078 07530  0.89
COE 8 0.8859  46.00 0.8238  44.70 3 08534 4440 0.8299  41.40 7 08295 074 08128 077
SLS 10 08509 5270  0.786  54.00 4 09582 3420 09590 35.00 5 08176 076 07833  0.78
SNV 7 0.8906 4520 0.7878  49.30 4 08726 4190 0.8236 42.40 5 08317 073 07802  0.80
MMN 5 0.8678 4920 0.8125 47.50 5 0.858 44.00 0.8162 43.30 5 0.8564 067 08294  0.71
MSC 7 0.8908 4520 0.7864  49.50 4 08727 4190 0.8224 42.40 5 08305 073 07688  0.82
1st Der 307314 6790 0.8342  53.20 2 07789 5330  0.8791  40.60 7 09259 121  0.9006 0.81
2nd Der 307698 88.00 0.7321  67.30 5 0582 6950 0.7214  53.00 10 05528 120 05616  1.10
Ist+SLS 10  0.8257 58.60  0.8089  59.30 707759 5360 0.8736  42.80 4 07405 091 0759  0.84
Ist/SNV 9 08129 63.80 0.8134  62.80 6 07825 5350 0.8969  43.10 4 07432 090 07703  0.82
IsttMSC 9 0.8061 6030  0.8003  63.60 6 07815 53.60 0.8899  43.80 507362 092 07658  0.83
- . AR W JRAETE
AT 5 ALR T L
PCs Rc RMSEC Rp RMSEP PCs Rc RMSEC Rp RMSEP PCs Rc RMSEC Rp RMSEP
NSDP 6 09397 050 09205 0.5 10 04402 333 06154 1.84 5 07524 089  0.6454  1.00
COE 6 09362 051 09366  0.50 8 05137 303 06463  1.89 7 07428 096 08378  0.76
SLS 5 09478 046 0922  0.54 10 08727 285 0.8883  2.45 4 09393 095 09411 1.07
SNV 4 09457 047 09285 052 7 05792 284 05956 1.83 5 07643 107 07682  0.95
MMN 6 09444 047 09496  0.53 8 05385 299  0.6202 1.84 6 07453 094 07667 0.82
MSC 4 09449 047 0928 052 7 05803 284  0.621 1.85 5 07639 107 0766  0.97
1st Der 5 09471 047 09412  0.48 306219 256 04788 255 7 07165 1.15 07144 092
2nd Der 4 08993 063 08224 079 5 04831 3.00 04864 2.17 506959 1.17 06721 1.14
IsttSLS 10  0.9479 047 09338  0.50 306193 257 04804  2.54 7 07163  1.15 07031  0.93
Ist/SNV 6 0951 045 09333  0.50 10 0.5398 279 04644  2.84 9 07473 121 07252  0.89
IsttMSC 6 09476 047 09288  0.52 10 05409 279 04659  2.83 9 07337 123  0.6982 093
" . psyiis Juy ] EZ2
a2 "
PCs Rc RMSEC Rp RMSEP PCs Rc RMSEC Rp RMSEP PCs Rc RMSEC Rp  RMSEP
NSDP 6 0.7996 561 08351  6.69 707589 521  0.7307 483 7 0.8808 521 08339 5.95
COE 3 08312 593 08434 574 3 08732 381 08375 3.93 7 0885 5.13 08747 524
SLS 9 09175 148 09136 1.70 4 09142 433 09038 572 6 0.8729 541  0.8806  5.00
SNV 4 08139 546 08483  6.11 307891 468 0774 463 6 08625 564 08511 555
MMN 3 08166 592 08472 578 6 08162 398  0.858  3.95 5 09348 373 09421 3.3
MSC 4 08138 546 08481  6.11 307589 468 07712 447 6 0.8602 569 08472  5.62
1st Der 307791 590 07900  6.26 9 08124 441 08142 420 6 08391 619 08711 528
2nd Der 4 07559  6.06 07466  6.54 7 08242 675 08358 630 4 07636 7.16 06321  8.10
1st+SLS 307773 592 07933 6.4 9 0.8039 440  0.8058 431 6 0837 623 08756 535
Ist#SNV 3 0.7658  6.01  0.7837  6.34 10 0.7483  6.69 07471  6.91 10 08496 593  0.8006 625
IsttMSC 3 0.7663  6.01  0.7824  6.35 10 0.8481 671 07392 598 10 08412 610 07973  6.30
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Table 4 iPLS prediction model of main components in Lycium ruthenicum Murr
S oAb #E 75 X[ B X (em™) PCs Rc RMSEC Rp RMSEP RPD
5 8800~7200 8 0.9715 22.40 0.9821 22.50 0.93
10 8800~8000 9 0.9600 24.20 0.9672 19.60 1.07
g NSDP 20 8400~8000 8 0.9614 20.90 0.9816 14.70 1.43
25 8480~8160 8 0.9697 19.20 0.9817 18.70 1.12
50 8320~8160 9 0.9698 14.50 0.9768 13.90 1.51
5 8800~7200 6 0.9563 23.70 0.9501 24.30 1.09
10 8000~7200 9 0.9677 20.40 0.9605 22.70 1.17
A A SLS 20 8000~7600 8 0.9686 19.60 0.952 24.80 1.07
25 7840~7520 4 0.9472 25.90 0.9589 22.30 1.19
50 7680~7520 8 0.9447 25.80 0.9672 19.10 1.39
5 12000~10400 8 0.9632 0.35 0.9698 0.39 0.96
10 11040~10720 5 0.9844 0.23 0.9845 0.29 1.29
SR 1st Der 20 8400~8000 6 0.9873 0.20 0.9864 0.20 1.87
25 7200~6880 8 0.9816 0.24 0.9875 0.21 1.78
50 6560~6400 9 0.9674 0.33 0.9839 0.59 0.63
5 12000~10400 5 0.9479 0.45 0.9846 0.23 1.77
10 11200~10400 6 0.9400 0.48 0.9801 0.26 1.57
BAEA 1st Der 20 11600~11200 4 0.9322 0.52 0.9531 0.45 0.91
25 10400~10080 5 0.9791 0.36 0.959 0.35 1.17
50 10720~10560 6 0.9153 0.49 0.9276 0.45 0.91
5 8800~7200 6 0.9638 0.69 0.9571 0.60 0.95
10 8000~7200 10 0.9681 0.85 0.9883 0.29 1.96
WHEE SLS 20 8000~7600 6 0.9771 0.74 0.9686 0.51 1.12
25 7840~7520 6 0.9611 0.91 0.9626 0.61 0.93
50 7680~7520 6 0.9776 0.70 0.9747 0.70 0.81
5 10400~8800 7 0.9934 0.18 0.9885 0.20 1.36
10 9600~8800 8 0.9813 0.27 0.9877 0.21 1.29
JFHHER SLS 20 9200~8800 7 0.9645 0.37 0.9718 0.3 0.90
25 9120~8800 8 0.9605 0.39 0.9603 0.26 1.04
50 8960~8800 6 0.8975 0.62 0.9534 0.4 0.68
5 8800~7200 7 0.9163 1.04 0.8709 1.71 1.53
10 9600~8800 7 0.9267 0.97 0.9531 0.99 2.65
ey SLS 20 8400~8000 5 0.9418 0.85 0.9478 0.85 3.08
25 8480~8160 4 0.9174 1.00 0.9341 0.99 2.65
50 8320~8160 7 0.9418 0.85 0.9169 0.87 3.01
5 8800~7200 6 0.9621 1.76 0.9754 1.23 1.38
10 8000~7200 9 0.9766 1.40 0.9836 1.05 1.61
TR SLS 20 7600~7200 8 0.9755 1.43 0.9807 1.27 1.33
25 8800~8480 8 0.9843 1.18 0.9716 1.61 1.05
50 8800~8640 7 0.9737 1.51 0.9686 1.84 0.92
5 12000~10400 7 0.9682 2.71 0.9805 1.85 1.53
10 8800~8000 6 0.9636 2.88 0.9893 1.51 1.87
g7 MMN 20 8000~7600 7 0.9668 3.89 0.9744 2.38 1.19
25 7840~7520 6 0.9859 1.78 0.9491 3.67 0.77
50 8000~7840 4 0.9803 2.10 0.9793 2.07 1.37
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Table 5 siPLS prediction model of main components in Lycium ruthenicum Murr
ke Titab#E )y = X )4 XG5 PCs Re RMSEC Rp RMSEP RPD
5 1~3 8 0.9661 14.40 0.9866 14.10 1.49
10 6~10 9 0.9668 11.20 0.9852 10.40 2.02
b NSDP 20 11~17 9 0.9588 11.30 0.9816 10.80 1.94
25 19,20 9 0.9762 10.61 0.9835 9.66 2.17
50 37~40 6 0.9825 5.17 0.9887 4.33 4.84
5 12 7 0.9794 16.80 0.9410 24.80 2.07
10 1~6,9,10 8 0.8643 40.60 0.9430 24.30 2.09
W JE A SLS 20 3,7,11 7 0.9882 20.60 0.9866 17.20 2.54
25 9,14 6 0.9749 18.20 0.9745 17.40 2.52
50 17,18,23~25,28 7 0.9743 17.50 0.9717 18.00 2.47
5 1~3 8 0.9561 0.39 0.9715 0.30 2.24
10 2~4 8 0.9784 0.27 0.9767 0.27 2.38
BR 1st Der 20 10,12 8 0.9893 0.19 0.9848 0.20 2.87
25 9,10,16 7 0.9683 0.32 0.9303 0.44 1.85
50 30,32,34,35 9 0.9750 0.28 0.9581 0.38 1.98
5 1,2 6 0.9809 0.28 0.9788 0.25 2.13
10 1,2,4,5 6 0.9818 0.27 0.9870 0.20 2.54
AAA 1st Der 20 1,2,4,5,7,9,10 7 0.9824 0.27 0.9824 0.23 2.27
25 2,3,6,10 5 0.9838 0.25 0.9786 0.26 2.07
50 9,10,15 7 0.9816 0.27 0.9597 0.35 1.67
5 2,3 10 0.9405 0.64 0.9663 0.53 2.07
10 1,2,5~7 8 0.9890 0.53 0.9831 0.60 1.95
HHEE SLS 20 9~16 7 0.9804 0.46 0.9748 0.41 2.39
25 11,13~15 7 0.9880 0.74 0.9871 0.37 2.54
50 23,26,28 5 0.9857 0.60 0.9832 0.61 1.93
5 1,2 8 0.9845 0.26 0.9742 0.33 0.82
10 3~5,8 8 0.9946 0.16 0.9942 0.14 1.94
Bips 2 SLS 20 4~6,8~12 7 0.9936 0.16 0.9971 0.11 2.56
25 5~10,14 6 0.9934 0.17 0.9939 0.15 1.81
50 17~20,24 6 0.9844 0.25 0.9756 0.28 0.97
5 1,3,4 7 0.9785 1.23 0.9631 1.70 1.54
10 2,4 6 0.9282 0.95 0.9287 0.73 3.59
ey SLS 20 4,7,8,10 5 0.9808 0.86 0.9854 0.64 4.10
25 8,12,14 4 0.9382 0.87 0.9239 0.86 3.05
50 24,25 4 0.9417 0.84 0.9405 0.85 3.08
5 1~3 6 0.9574 1.32 0.9479 1.65 2.03
10 1,3,6 7 0.9632 1.75 0.9821 1.22 2.39
e\ T SLS 20 9,12,16 8 0.9869 0.89 0.9906 0.90 2.69
25 10,11,13 9 0.9858 1.10 0.9911 1.16 2.46
50 21,22,26 8 0.9923 0.83 0.9870 1.31 2.29
5 1,2 8 0.9398 3.72 0.9606 2.64 2.07
10 1,4,5 9 0.9852 1.86 0.9870 1.83 2.55
g7 MMN 20 7,11,14 8 0.9823 2.03 0.9890 2.11 2.34
25 9,14 7 0.9879 1.70 0.9891 1.71 2.66
50 25,26,28 7 0.9936 1.20 0.9884 1.47 2.93
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Table 6  T-test results of measured and predicted values of main components in Lycium ruthenicum Murr samples

TH% BsY i} R B HER HHER JRAETH = BEN L) =N EZ
T 0.158 -1.369 -1.093 0.012 -0.045 1.114 1.308 —0.146 —0.854
POXUR) 0.876 0.233 0.255 0.991 0.965 0.284 0.212 0.886 0.407
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