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Abstract: To establish a rapid, efficient and low-cost method of applying Fourier-Transform Near-Infrared Re-
flectance Spectroscopy ( FT-NIRS) to detecting amino acids in soybean,we selected 167 representative soybean flour
samples from a large original population and utilized FT-NIRS to predict the contents ( which were analyzed by
HPLC) of eighteen amino acid species. According to the data we obtained , aspartate ( R, =0. 85) , glutamate ( R}, =
0.86) ,serine( R;, =0.82) , glycine ( R}, =0. 89) , tyrosine ( R, = 0. 83 ) , phenylalanine ( R;, = 0. 78) , isoleucine
(R}, =0.86) ,ryptophane( R}, =0. 81)and the total amino acids content( R}, =0. 82) can be detected by FT-NIRS
accurately; the detected models of threonine, arginine, alanine, valine , leucine, and cystine are valuable as refer-
ences and can be used to estimate the relative contents; the content prediction of histidine, lysine , proline and me-
thionine is inaccurate. This study has further demonstrated the stability and feasibility of using FT-NIRS to detect
the major amino acid components in soybean.
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1.1
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P A2 3ml R R (6mol/L) Fh I, 2 25, 54T,
B 1ml B VAW, 48 0. 22 m JERE, 7 EALEI
1.2.2 BEQMNEHF RADHE LC-20AT HA0K
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Fig.1 The High Performance Liquid Chromatogram of 18

kinds of amino acid in soybean
A 15 FREUEERR bR UE AL GG I B R GRS 15 FRE MR % 18], C. RE MR ( Cys) FIEEZFR (Met) brifl:dlh SHEGL G35,
D KT G (Top) HHERA S5 RE R (S, 1-15 5300 AR R, 22, TR,
PR, AR R IR, NE IR, B R, WU R, RN AR, oo BR , S = R, W, IR

A ;:Spectra of 15 kinds of amino acid standards, B: Specta of 15 kinds of amino acids in soybeans, C: Spectra of cysteine and methionine standard and sam-

ple in soybeans, D :Spectra of tryptophan standard and sample in soybeans 1 — 15 were respectively Asp, Glu,Sev,Gly His, Thr, Ary, Ala, Tyr, Val, Phe,

Ile,Leu, Lys,and Pro.
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Table 1 Contents of 18 amino acids in soybeans using chemical method ( dry weight)

45y R £ tH R (mg/L) IR (% ) F-HME (me/g) AR (mg/ g) bRt
Component Detection limit Recovery Mean Range s
REHR 0. 9997 0.083 99. 89 48.34 31.27 ~64.34 0.32
BEIR 0. 9994 0. 056 99. 64 64.97 42.31~95.52 1.08
225 R 0. 9995 0. 093 100. 65 25. 45 15. 67 ~38.91 0. 39
HEmR 0. 9994 0. 069 97.33 6.11 3.88 ~9.62 0.21
AR 0. 9991 0. 402 97.55 9.27 5.11~17.94 0.16
AR 0. 9996 0.077 99. 35 40.91 23.25 ~89. 16 0.72
TNEIR 0. 9991 0.079 100. 03 12.93 4.62 ~22.75 0. 40
SRR 0. 9995 0. 059 98. 45 29. 49 19. 88 ~55. 61 0.34
ik &R 0. 9989 0. 061 99. 63 17.45 17.09 ~31. 54 0.22
AR 0. 9996 0. 069 99. 68 21.57 13.49 ~43.48 0.37
FNAmR 0.9992 0. 062 96. 88 21.45 10. 01 ~45. 74 0.55
SRR 0.9997 0.074 100. 81 22.62 13.33 ~41.82 0.36
SRR 0. 9990 0. 106 98. 59 37.15 24.88 ~74.21 0.53
R 0. 9993 0. 596 99. 35 28.38 14.77 ~49. 44 0.51
i 2R 0. 9998 0. 099 98.98 32.24 19.91 ~91.70 0.38
HHEIR 0. 9985 0.783 100. 46 63.28 31.42 ~87.44 0.22
IR 0. 9997 0. 095 101. 19 68.92 48.62 ~96.23 0.38
R 0. 9983 0.115 99.39 5. 601 4.49 ~9.38 0.25

2.2 IELISMENARBYRY I ST R AL

B2 g RS2k AR RE il B3l 20 AP e 3. R
OPUS 6. 5 F A Quant 2 28 i 43 B 77k, R A
die/ N Tk @7 KT 18 P Al LR & L 415k
TR AT

YEFEF Absorence

— ——— g
./J.-P‘f"f‘/a.ﬁ‘ ';!:'rﬁ—;".-;"lj' ¥ o
Bt e s B el
i 4 (nm)wavelength
B2 XEHEMIEIINERIHiE
Fig.2 Typical NIR spectra obtained from

different soybean samples.
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FESY BN R? I RMSECY A, He #2645 3 140y
BT /N 43 B AR 28 A Ay Tl A5 AR P 40 ez
WEEY R*F1 RMSEE B/ K /IR P e SRR
F2 AT BR T A R RS E R R I R | R
IR AL IR SN , Hofth 12 FhEIERRER AT LA 2] H 45
FRAH A TR | 36 2 FN3R 3 M58 URHIEAE FARE
BSR4 NIRS F0 A9 K 0 220 2k R A5 380 %) 3 A s
e, e 167 1y K SRR 35 7 FR Y fi 4 7=
HEST R R G R, AR & B MR
) i P 2 5, LA B e BRI A T A SR, TT
PRUEEEST 1K B BERR NIRS FRAR AL il ] g4
2.3 RTINS RS

FI AT 20 A0 G185 53 B A 8] 0 2 36 1R 2 & i,
TR ) 15 DR AL B 7 AN R AR ], R AR |
BHER AR HER AR ANAR 7w
i €0 R 8 P (SRR K 15 Fh & LR A AN 433l
T FE IR A GIE AL BT A i
DX [ L 00000 A AR ) A I e SE R A R (B A )
0.79 (% 2) , F W% 7y 1 mI R o A b 50000 i 8 b
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Table 2 Cross validation statistics of the NIRS calibration equations developed to estimate amino acid concentrations in soy-
beans
o st . . '
" - N wARIE K . N RS SR UEAX ST
Ao AR B MAE BRME tefEmzE A5 R ] e R B . A .
c N (mg/g) Min. (mg/g)M ov Optimum wavelength KRR )y 2% R7E
omponent 0. m; m. 1 ax. S

P g 8 selection RMSCV RPD

KA R 129 36. 4 57.2 0.36 0.07 9997.9 ~7498. 4 0.85 0.17 2.55
6102. 1 ~4246. 8

wAm 129 42.3 80. 6 0.23 0.03 12493. 5 ~5446. 4 0. 86 0.26 2.67

25 R 129 15.7 32.2 0.35 0.14 9295. 8 ~6098. 2 0. 82 0.12 2.33
5450.2 ~4597. 8

HaEm 201 1.9 9.1 0.11 0.18 9997.9 ~7498. 4 0. 89 0.07 2.97
6102. 1 ~4246.8

AR 131 7.1 11.2 0.04 0.04 6102. 1 ~4246.8 0.55 0. 06 1.49

I =R 161 29.2 52.3 0. 64 0.15 12493. 5 ~7498. 4 0.73 0.26 1.93

pix=Ni 104 7.4 17.1 0.11 0.08 7502. 3 ~4507. 8 0.62 0.11 1.59

k= 131 25.7 34.9 0.06 0.02 7502.3 ~4507. 8 0.71 0.09 1.87

i 2R 121 13.7 20.7 0.25 0.15 12493. 5 ~7498. 4 0.83 0.06 2.44
6102. 1 ~5446. 4

MR 128 17.8 25.1 0.17 0.08 6102. 1 ~5446. 4 0.73 0.09 1.81

BN A 107 16.6 27.2 0.24 0.10 5450.2 ~4597. 8 0.78 0.11 2.14

SRR 129 19.2 25.4 0.12 0.05 12493. 5 ~6098. 4 0.75 0.06 2.02
6102. 1 ~5446. 4

SR 118 31.6 45 0.03 0. 007 12493. 5 ~7498. 4 0. 86 0.11 2.52
6102. 1 ~4246. 8

o 1R 122 18.1 49. 4 0.51 0.18 5450.2 ~4597. 8 0.55 0. 04 1.44

Nl 2R 157 12.9 46.2 0.27 0.09 7502. 3 ~4246. 8 0.35 0. 60 1.78

HAMR 120 4.9 8.5 0.13 0.18 5450.2 ~4597. 8 0.56 0.93 2.06

=N 128 6.1 11.2 0.26 0.06 7502. 3 ~4507. 8 0.61 0.26 2.55

=N 131 4.6 9.2 0.25 0.05 5450.2 ~4597. 8 0. 81 0.29 1.86

RS 128 347.5 508. 2 5.54 0.13 12493. 5 ~5446. 4 0.82 1.33 2.35

W2 452 R 52 A R AL A A — S MM,
TR 2 ALY A T A B 7 I, PR R AR B4 S p AR
R*F RMSECV B4, i85 % &R 30 £ 1Y R* J RM-
SEP {8, 7E5CFriz I, W 2 EAG A, e 38 A 38 1) 1
WP, R AR R R e R R
i ) T AR AL AS KRR (&1 3)

HY % 3 T R, A R R I 2 T A 0 B 1 A I e
TE R BAR T E bR S, HiAl 16 FhE LR A5 2 5
45—, F I I 2R AR Y AL B ik b X ]
TR BEE S HOR VR AR AT | ] RAT S A 9 3 21 4h
JEIERLAY

LT AN TEAS Y (0 A AR T b 45 2R

AvERPE . RO ARE T Y Z R & i RO T
JIRERRZE A2 W BR (&SR, D5 A 75 K B e T T,
IR A TR , Tl ok HPLC I 5 H 507 25 &
Emryatat, B, R K AR T A M
B 2 T IR b K it (o L RS K it R0 0
2, PS80 T IR & I R e R
JEAE AR KA el B 2548 (110°C £1°C,22h) F,
FIRAFERR (Met ,Cys) FIAZ IR (Trp ) A BEREIR
AT R P R 4Ty 125 0 2 B TR ( Cys
Met) , B/ fifk 32k B ARG 0 €0 2 1 , G ) &5 SR A
WERA . (HRh TR A A R A s i
KA A e 1R 25
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Table 3 External validation statistics of the NIRS calibration equations developed to estimate amino acids concentrations

in soybeans

Eib)x AP BME (mg/g)  ROR(E(mg/g)  brifEfi2e 5 5 R AL e FAL P 38 SR IE B UEAR N
Component No. Min Max S cv R? ¥1J5 2% RMSEP 4y HriR2% RPD
KA 32 37.4 57.2 0.27 0.06 0.91 0.17 3.38
BHIR 31 46.2 80.2 0.4 0.08 0.88 0.30 2.93
225 R 32 17.9 30.8 0.12 0. 06 0. 89 0.12 2.96
&R 40 1.9 9.0 0.02 0. 04 0.90 0.07 3.23
AR 32 7.1 11.2 0.05 0.06 0.58 0.07 1.55
R 41 28.2 52.4 0. 06 0.05 0. 83 0.26 2.41
INEIR 33 7.9 17.0 0.12 0.09 0. 80 0.11 2.26
AR 32 26.4 34.2 0.21 0.07 0.72 0.11 1. 96
Ji% SR 30 14.4 20. 1 0.08 0. 04 0.79 0.07 2.22
BTN 31 18.3 24.9 0.19 0.08 0.73 0.10 1.91
BN R 31 17.3 26.8 0.27 0.11 0.78 0. 14 2.07
SR 32 19.4 25.3 0.15 0.07 0.82 0.07 2.36
Fse R 30 31.6 44.8 0.36 0.09 0.91 0.11 3.24
AR 32 27.2 29.5 0.07 0.02 0. 65 0.04 1.75
i 2 32 8.2 20. 1 0.11 0.13 0.50 1.15 2.3
HER 40 4.8 8.3 0.22 0.28 0. 60 0. 85 1.41
IR 31 6.6 11.0 0.20 0.22 0.65 0.24 2.37
R 33 9.8 19.9 0.53 0.38 0. 85 0.26 1.96
FER R 31 347.8 488. 8 4.05 9.8 0.86 1.37 2.71
3 it il LB T AN L 1 2 L 4 A1 R 00 G 4

3.1 SEBITIINIETNEER

AL R B LR J5 5, AT LAR)
PR Z I A AR 22 =R H 2R B2 RN
RIR SRR AR 8 FhaILIRAY & i, ot
TEbRER R IR AR HAIE e RECHR = T 0. 73, 4
LR NETR IR A —E S H
(L, AR A T R 2 P 1 2 114 T A 2 4
AR (HJR3 8 A TR B A R 7 7 b ik
F LA — R Tk AT R A IR AN
R TS 0 1 2 T DR ZR O AR T S L
AR IE W 2 RR AT = R 4 DR 2R BOU A T4 /Y
0.86, & MIZAE R 09 S P AT BEJE 1 TR A B EE AN
I7] , RIS R A BT 5 kA AS R
3.2 MAEAMKEREMVAKEFIERSE

HIRT1T %

ASBIE TR 5 5 B 75 SR £ 5 Y32 B9 R KL

FIABILLLAN G H AR AL T RS LR 21 4 1 1T
ZLAMSETE FMAS R, SR IR K2Ry AR Al 47 D 3%
FA, AR AR R BE b A PR R /N 22 5 AN 4 —
PO 1 451 3 A R i, DT i g 1 0 A R
RS

R BA AR R SR 2 ST e B Y
UTLLAMTINEE RN TS . TR R R 5 e 5
PRURY AR5 FER R A5 1 B2 AR, 8 S LT, A
BIFE i T RS 1 AN A DATRR o At e 10 R TR
ErEE P, N IR AT S A iR K
SR 2, AT K B A e b S R 2 (7
PG R AT RE IR 22 B A WL, [R] s DAL TS Y
B i BT Y o M Y FBL, D R L R A
ol B 05 i 4 A i R B bR | v | e A AR
A BN T
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Fig.3 Scatter plots of correlation between NIRS and HPLC methods for the prediction of
amino acid concentrations in cross validation set.
AEHRE SR, B, RRER,C. AR, D. 24, E. HEAR, F.BER,C. 2RE K, H. 2588, L. ANER, ). H&2, K. H 2R
A ;Total content of amino acids,B:Asp,C:Glu,D:Ser,E:Gly,F:Tyr,G:lle,H:Leu,l:phe,J: Val,K: Thr
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