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Establishment of NIRS Calibration Models for Sucrose Content in Soybean
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Abstract: This study established a near-infrared spectroscopy calibration model for sucrose content in soybean. It can provide
data support for the rapid determination of sucrose in the raw materials of soybean, and then adjust the processing parameters
or optimum material proportion of soy products. In addition, it can meet the needs of breeding high-sucrose soybean lines. In
this study, natural and sucrose-added soybean samples were combined as the sample set. The spectral data was firstly
collected using a near-infrared spectrometer. Then the near-infrared spectroscopy quantitative analysis model of soybean
sucrose content was established by the determination of chemical value of enzyme colorimetry, spectral data preprocessing, and
partial least square regression statistical method. Finally the prediction performance of the model was verified by using soybean
seed samples with unknown sucrose content. In this study, the near-infrared spectroscopy calibration model based on the
combined sample set could obtain more accurate prediction results in a wide range of sucrose content (37.83 - 139.35
g+kg™"). The second derivative combined with multivariate scattering correction was used as the best preprocessing method for
spectral data. Through external verification, the chemical determination value of the sample showed a significant positive
correlation with the prediction value of the calibration model, the determination coefficient was 0. 943, the prediction mean
square deviation was 3. 17, and the relative error was 5. 923%. The established near-infrared spectroscopy calibration model
has strong predictive ability and good applicability, and could be effectively applied to the rapid and accurate measurement of
sucrose content of soybean seeds.
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Table 1 Parameter comparison of sucrose content in soybean seed in different calibration models
g AR e HERER e mmmusre  ZueiE  eneip
Sucrose content Spectroscopic data
Sample set Outlier number RERE RMSEC 2R, RMSECV
range/ (g-kg™") Pretreatment

FKIRFEMEE  34.75~78.28 8 CS 0.901 3.725 0. 936 4. 466
Original 13 2D 0. 844 5.815 0. 880 5.505
sample set 17 MSC 0. 862 4. 857 0. 829 6.294
6 2D +CS 0. 869 4. 405 0. 884 5.388
13 CS + MSC 0.879 4.019 0. 867 5.903
20 2D + MSC 0. 883 3.942 0. 899 4.904
NTHMSE  49.99 ~136.76 9 CS 0.944 5.128 0.973 4.214
Artificial 11 2D 0.959 5.077 0.977 4.101
sample set 10 MSC 0. 966 3.639 0. 986 4. 093
9 2D +CS 0.923 5.897 0.909 5.339
4 CS + MSC 0.940 5.482 0. 948 4.291
5 2D + MSC 0.962 3.985 0.921 4.549
IREREMEE  37.83~139.35 25 CS 0.919 4.261 0.921 6.077
Combined 22 2D 0.915 4.489 0.959 5.235
sample set 31 MSC 0.917 4.399 0. 950 5.989
19 2D +CS 0. 958 3.629 0.974 4.798
28 CS + MSC 0.924 4.044 0. 954 5.692
11 2D + MSC 0.955 4.022 0.969 5.034




6 1 PN IR A5 < TR R ol AR ) R D 1 R 5 B LAl e A B A ST 943

2.3 RLAMNEMRERIMEL

AT S 1 O 15 B RN Ak 2= D (R R A AT
P fre /N3 [l =32 550, 8 7 IR AT 20 APt 2 A
B, A B I IE A AR G A 1 R IR AR AR
B B AR () A 5 OO Y R AT 5K 37. 83 ~ 139. 35
grkg ™', HEA B 1 Ry, 5 (0.969) , 541K (1) RM-
SECVAE(5.034) (3 1) , i B e A 455 284 T 000 250 2R 1)
¢ v HL AR MR

FH L 2 AT, B TR A o B2 3 21 A o A
149 000 ~4 000 cm ™' (K1 111 ~2 500 nm) P
By B N A ) R IS, AR B T ORIR R SR
BEE KBGO /MG B A DB, Pt RE % 1fE
ff R0 R 2 ) e 2, Ao BRI A U8 B
Bl PN A S o s 8 T A 8 1) SRt i

FLI RARFE S B2 5 N T RE S A OGS R & FH,
JAHTE 3 DANFEITR A LD AR P K AL 2 R sk
PILLANC A 5 (B AR B AL ) |, RS 3 A S i
R X G — PR TE TR A FE L 4R I 80
AL I 2T AR OGS B (K 2) |, 23 5 T
6215~ 6111 em™ (P K 1609~ 1636 nm) .
4851 ~4739 em ™' (P K 2061 ~2110 nm) Fl
4281 ~4 185 em ™' (K2 336 ~2 389 nm)3 4
BB, 3X 3 A5 1 I AL i REAE AR i 208 8 8K
SFAEL BB S AR AR X 3 b ' R A
KM

20 RHR G R A AR A I 21 AP X B A
ST i 1 IO B 5 Ak 2 T E S LA E AT A OGP 4y
Br A3 = F B B R A RIERE LIS X S
T R S B AG AR S, 710 000 ~ 3 500 em ™' (3
11000 ~2 857 nm) I BT 21 AN G E R, 20 #r

0.025

FEF IR AR S A 0 A Ul R ' R (%o R R
I EIE R BB IAGE R, K 3 iR, HgT7 545,
7109,6 250,6 099 ,5 94615 304 cm ™~ (P45 K
1325,1 407,1 600,1 640,1 682F11 885 nm) i kb
49 [ U1 2R 300G A XF T o A 55 78 2 37 A i X 19 3 S
T, W TR N A /s 3 ik O 1R 3 41 Ah
FeiE R AR, LSRR T DAL 555 i g iy o 7 1)
B, RN TSI B 5 3 A 5 5 g X O ok
SR B 78 AR A T I X AR (2 T 3) . it
A EET DL BRI IR AEE T RIR K E AW
o DU TERE S A ST 03T 21 A6 1 A Y f T 4

e s

e 150
i)
i\/o 130
=
2
Z =110
= ©
B g
0 s 90
1 3
.
%270-
=
T 50 A RIAKGHE Original samples
§ x AT AS RS Artificial samples
j: . . . ‘ . .
= 30 50 70 90 110 130 150
R 0 0 5

Measured value of sucrose content/(g * kg™)

1 ETFRAERENKEREISIEIN
FME S EEMEHE X

Fig. 1 Correlation between NIRS prediction
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seed in different calibration models based
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