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Development of Prediction Model by NIRS for Anthocyanin Contents in
Black Colored Soybean
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ABSTRACT Near infrared reflectance spectroscopy (NIRS)
is a rapid and accurate analytical method for determining
the composition of agricultural products and feeds. This
study was conducted to measure anthocyanin contents in
black colored soybean by using NIRS system. Total 300 seed
coat of black colored soybean samples previously analyzed
by HPLC were scanned by NIRS and over 250 samples
were selected for calibration and validation equation. A
calibration equation calculated by MPLS(modified partial
least squares) regression technique was developed in which
the coefficient of determination for anthocyanin pigment
C3G, D3G and Pt3G content was 0.952, 0.936, and 0.833,
respectively. Each calibration equation was applied to vali-
dation set that was performed with the remaining samples
not included in the calibration set, which showed high posi-
tive correlation both in C3G and D3G content file. In case
Pt3G, the prediction model was needed more accuracy because
of low R” value in validation set. This results demonstrate
that the developed NIRS equation can be practically used
as a rapid screening method for quantification of C3G and
D3G contents in black colored soybean.

Keywords : NIRS, anthocyanin, soybean, HPLC, MPLS
regression
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Table 1. HPLC conditions for anthocyanin analysis

oA Z£3E B AEj(100 mesh)2 A7)d5}92om, HPLC
2 BAEolHl QhEAlobd FREAI9 vl BAIshe] HA
2 ZAGGET B4 o] 8% 7]7]+= NIRSystem model
6500(FOSS NIRSystem)o] ¢t oAl Al spectrum2
4713 %72) WS Foto] 14802 noised} biasE %
Atk A F(math treatment)= A 1x}v]EH-E o] &3
1, 4, 4, 1(1st derivative, 4 nm gap, 4 points smooth, and
1 pont second smooth)Z7, 1, 10, 10, 1 A7} 230 E-S
ol g3t 2,4, 4,1 24 92,10, 10, 1 27& A&tk
A2 E spectrum 3| HEA L F3lo] FAFAE AL
o} 3FEA-S PLS(Partial Least Squares), MPLS(Modified
Partial Least Squares), MLR(Multiple Linear Regression)
HE ARt ARAE AEstdlen, A4 JF3AS A

RUXFAL| CtEAlOH! B O]

AT AEAoI Eelof thgt A= Yoshikura &
Hamaguchi(1969)7} A7 F A cyanidin-3-glucoside(C3G)
2} delphinidin-3-glucoside(D3G) & #S- &2]5}%92.1, Choung
5(200)2 FAZ FHH qEAJoPA Q] 7 M A= D3G,
C3G¢} P3G(petunidin-3-glucoside)2t 1! 3}¢ict. oldto] Kim
519972 AAF o= C3G, D3G, P3G o= pelagonidin-
3-glucoside’} E3HE] o] Q1& 7H=Al-S AAEL7| &= sF9ch

B 2= AAF tEA Y EFEAES HPLCE EEE

FFe 4T F dold A4 Aol
o] Ao ZAst] AAF AR 300144 A

7ol Qi &AL ol qlol fEsHA 51”1%} ‘RiE} et
Exlopd MAadMRE C3G7L f-3x7tol 3.25~57.01 mg/g

Parameter Condition
Instrument Acquity™ UPLC
Wavelength UV detector 520 nm
Mobile phase D. W. : MeOH : TFA = 75.8 : 24.0 : 0.2
Flow rate 0.5 ml/min
Sample injection volume 1 ul
Oven temperature 35C

Column

Acquity ™ BEH SHIELD RP18 1.7 pm x 21 x 100 mm
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Table 2. Calibration equations for anthocyanin analysis
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Component Regression Coefficient of determination
Cyanidin-3-Glucose y = 1,960X + 1020 R* = 0.9999
Dephinidin-3-Glucose y = 3,040X — 4,110 R® = 0.9994
Petionidin-3-Glucose y = 1,030X + 138 R® = 0.9996
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Fig. 1. Spectra (log 1/R) of black soybean seed coats scanned by NIRS.

Table 3. Order of major wavelength used by NIRS for anthocyanin analysis in black soybean.

Anthocyanin pigment

Wave length(nm)

Cyanidin-3-Glucose (C3G)
Dephinidin-3-Glucose (D3G)
Petionidin-3-Glucose (Pt3G)

896, 1660, 1636, 448, 816, 1008, 1524, 1892
1444, 1636, 784, 824, 920, 976
920, 2212, 944, 1132, 1956, 2172
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Table 4. Calibration parameters according to wavelength gap for anthocyanin content analysis by NIRS in black soybean

Math C3G (mg/g) D3G (mg/g) P3G (mg/g)
treatment R’ Mean SEC R? Mean SEC R’ Mean SEC
1, 4, 4, 1 0.952 23.7 2.51 0.895 5.45 0.70 0.778 3.19 0.56
1,6 6 1 0.943 239 2.60 0.923 547 0.64 0.814 3.34 0.57
1,10, 10, 1  0.946 239 2.69 0.936 5.47 0.56 0.833 3.41 0.60

*Math treatment a, b, ¢, d: a = derivative function; b = gap; ¢ =s mooth; d = second smooth
**R* = squared coefficient of multiple determination in calibration; SEC = standard error of calibration

Table S. Calibration parameters according to derivative function for anthocyanin content analysis by NIRS in black soybean

Math C3G (mg/g) D3G (mg/g) P3G (mg/g)
treatment R’ Mean SEC R’ Mean SEC R’ Mean SEC
1, 10, 10, 1 0.946 239 2.69 0.936 5.47 0.56 0.833 341 0.60
2,10, 10, 1 0942 24.0 2.77 0.894 5.45 0.70 0.815 3.23 0.53
3,10, 10, 1  0.883 242 3.21 0.818 5.50 0.66 0.782 3.31 0.67

Table 6. Calibration and cross validation parameters by MPLS regression for anthocyanin contents in black soybean

C3G D3G P3G
trxc?rtlgnt Calibration Validation Calibration Validation Calibration Validation
R®>  SEC r SEP R*  SEC r SEP R®  SEC ¥ SEP
1,4, 4,1 0.952 2.51 0.897 3.86 0.895 0.70 0.817 0.99 0.778  0.56 0.503 1.30
1, 10, 10, 1 0946 2.69 0905  3.70 0936 0.56 0.849 091 0.833  0.60 0.658 1.06

*SEP: Standard error of prediction in validation

Ehyt

# 5S¢ v|RHE 2edto] oA A4 e datol
o, Eol A B ujel 1, 23} mlE7tel 2 Folzk glgle
U 37 o2 Aol 28] 24719 HEEsl BolHs A
Foldtt. 1, 22t vl 7t & QFEAJobd AN7}A] pigments

£ R U4 ol A 23] vl 40 Agelsl,
validation fileo|| calibration fileoj
A 2ol 34 Agstol BomA 1 SAAS B

6° HOM “0111 AL validation fileo] Hg
AlA GEAod MAdE I §84S A3 Fabolch
Validation file-2 NIRS®] Z 27139l WinISIo|A] calibra-
tion file I AHEHS] FBH0] Lehin g ARES
AN T, dol) ARES olgale] AR T4
o3,
Validation®] parameterS H|W &} E uw] C3G, D3G,
PBG 25 1, 10, 10, 19] <X a7} 7}% 2239t} Cali-

bration file®} validation fileS ¥ W3}1H C3G2| 7L cali-

bration setolAx= 1, 4, 4, 19] 2|7} &8}H oL} vali-
dationo A& 1, 10, 10, 19] Fro] $-=3¢lct. L2t} gap
4 nme) 13} 9 23} w2 A" R*Q Fro] 0.952¢} 0.897
o] 10 nmE 0.9463} 0.9050|R2 T A 7= & A
o7} ¢l Ao = WA=t D3GS} P3G calibrationy}
validation set 25 1, 10, 10, 19 $£Xj7} ¢53%ch 19
¢l C3Get D3GE] Z-olE AR A4 gho] 0.9 =
Dok NIRSOIA ] She Aol T o] 15ae o
T Yo} P3GY 9= validation®] FHA 2| Fhoj
0.6582 A& wrt Wolxung 3 & o g2 AAYE
o] g7t HebE NIRS H#EA S AAstolof & Zlog
e, 2ol £ ARdA £28 AREE 4T o
EAohd PBGY) AA B bs¥ Ao Ams,

wfeh E A7o|A AU NIRS HESS 44T $FE
F 949 ol 2A 71of@ 4 U Ao wudE:
[e]

_‘l‘—a 21__ EEQ 7&3]:/\10“ ,,]'6]' 7‘5]}% JE/‘]O}ﬂ @-F’f}:

oTo
i)
N
2o
%
s
rr
M

NIRS7} 48 T 240 %%6}711 o



CHAZYENIIE 0188 BTT AEAIOILY BY 24 19

HPLC value

o ] E | o a0 =0 L]
NIR value

D33

-
e

HPLC vwalue
3 Y » -~

“
-

MIR vaiue

Ptas

A - 0.83%

HPLC value

MIR vaiue

Fig. 2. Correlation plot for anthocyanin pigments contents,
NIRS data vs. laboratory data of the calibration set
in black soybean. (Unit: mg/g)
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