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FERFEZE AR B BEAE SR B 5048 ST 2 2 X 5
MR K IR L LI 3, 15 31k 24 (4 22 S A R
s FPAE T 85 st AL PRI DR I A IR A AR W LR
HH, WRAERB N — B8O bk 7E L AR TR I B =k
=R =, 3R 255 B RE S K R BT AR AE T, o
T ML 105 CARFEH . #8)5 80 “CHEL 24 h, SR )5 i & b i
MU BE T2 100 Hf, # 8.
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1.2.1 Hh#EREL TR

e A8 A 6 ve DG TS AN 28 28 ) A2 77 i MPA 6 BL i A% 4
ELLAMGIEAL, OPUS Jtils R &2 8 4. SR I8 B4 1 77 i
RS G I L0800, SR 64 K, AR 4 em T, H
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HAEHEATH R B IEBIRh RN AT SR E LNEELR,
AL E AT T TCAAF B . R T AR T R, R
RS 25 W P R R 4 1 2 DUAR OG5 i A RUME 18 28 E A
T SR G T AT T RO WAL B L A SR R OGS 4 A AR
OPUS #0417 B s AL RR T, 22 45 41 43 1 0 09 335 IX 90 [ A e
FET AL B % .
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SHEBBREN LN Z LRGN, A sk,
FARIFEWIT « FREL 0. 100 0 g M- F By AR BT T4 i K iR 4
JIA 6 mol « L' #h 2 15 mL, fff FZUMK Y 5 10 B4 AR
JEEO . R OKRE T AR T, A ROR R T E 110
CRRIFME IS, KM% 24 h 2CHL, BUH B 21E MK AR . R K
R R 5 A2 22 50 mL R, KB PR oK, vk
WBEAF R, EA)ER, KRG RBIER 1 mL, {5k
AR RAEE AT, FA 1 mL pH 2.2 F R 5% oh i%
fife, DR UESE LAL, T FACER S H 5L L-8900 Z AR A g 4
HrAL
1.2.3 3w

X Matlab_R2014b 43 #7844 . 78 iMac Pro(2017) 1%
ML AT BRI R . O T AR R A R RE . B T R L8R
1E (cross-validation) () J7 ¥, MRIEHIAL (Y R® F1 RSD,
FERER . 24 RSD /N 10 %0 i 3% W A% 20 40050 R 4 T00 000 4
B, BRI .
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LA R P RN ERERFBRGE D, K2
S f W] W 092 0 i R P AR BTN A a0 B
fRAE N 0.308 mg » g ', MM fHIA 3.049 mg« g ', JGH &
FIE 9.9 7% HUORAEL T 2 AL b i i 2w . TR i
PR 0.176 mg + g ', WK 1173 mg g ', )R
HORWTHE M 6.7 £ . Uk WA T F AR 5 10) fb 24 1 25 500 B
AR AT, MRS — R R, &
SENEE (2019 BIF 5T & BL, 08 17 3R PE AR 9904 FIBY Y 3 S AF
WL IR S B R0y 3.4 F 4.5 mg - g L, B R B HOR R
WRR AT E 3.8 M 5.2 mg - g ', Bhinder ZHF 55 R
i) Pl 25 S P AR IR O A i, RIS IR R R AR A R
e fE R 6.55 mg - g ', HABLFHFEERMBEAR. FRA
B2 . o5 S R A0 R I A g A 302 3.5, 255, 8,79
M 12.4 mg+ g™y BIREAR T A S E b 4 v 3 R A R Y
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Table 1 Contents of amino acid in golden tartary
buckwheat leaves using chemical method
B /)N S
Em 021- {gﬁ/l) <f(g7-uf/l> <ntz ,-”gﬁ/‘)
H & (Tho 5. 307 14. 374 7.483
AR (Val) 6.137 16. 204 8.238
HBR 2 R (Met) 0.308 3. 049 0. 909
PR (le) 5. 259 14.134 7.083
SEAE R (Lew 9. 730 26. 061 13.119
RN R (Phe) 5.936 17. 223 8.212
W1 R (Lys) 6. 640 17. 280 9.135
BB (Glw) 10. 984 27. 740 20. 185
KA R (Asp) 6.437 17. 280 9.135
24 5 iR (Ser) 3. 467 8.312 5.911
H 2B (Arg) 4.937 14. 772 9. 654
AR (Al 3. 329 6. 885 5. 208
2 & % (His) 1. 946 4.798 3. 202
HAM(Gly) 4.196 9. 264 6. 828
fiti R (Pro) 1. 024 5. 672 2. 607
fi% & R (Tyr) 0.176 1.173 0. 647
P It R (Cys) 0.422 1. 926 1. 296
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Fig. 1 Simulation results of near-infrared model of essential amino acids
(a): Phenylalanine; (b): Methionine; (¢): Leucine; (d): Threonine; (e): Valine; (f): Isoleucine; (g): Lysine
2 SEBELIMEBRFEMNKHR
Table 2 Simulation results of near-infrared model of amino acids
AR .. . S 25 X LIPS
- % 4 X iR " -
8] TR A AR X R 22 s Y 2
Phe 0.1709 0.0320 0.0207 0.3713 0.0726 0.0726 0.0679 0.0878 0.0023 0.0366 9.35 0.9119
Met 0.6949 0.3887 0.0854 0.1196 0.2536 0.0102 0.0430 0.2690 0.0245 0.7096 25.98 0.914 9
Leu 0.1175 0.0856 0.2277 0.1279 0.1071 0.0130 0.0026 0.0384 0.1147 0.1071 9.41 0.936 4
Thr 0.026 3 0.0378 0.2017 0.0162 0.2717 0.0285 0.0279 0.0065 0.0304 0.0118 6.59 0.917 6
Val 0.0257 0.0805 0.1108 0.0368 0.0086 0.1139 0.0453 0.2902 0.1053 0.03514 8.53 0.935 1
Ile 0.0994 0.0434 0.0494 0.0899 0.0558 0.0558 0.3047 0.0567 0.0069 0.1007 8.63 0.929 3
Lys 0.1226 0.1201 0.0157 0.086 7 0.1973 0.0014 0.0404 0.0227 0.0053 0.1769 7.89 0.917 0
Ser 0.0320 0.0270 0.0222 0.0522 0.0049 0.0008 0.0270 0.0140 0.0036 0.0550 2. 39 0.926 5
Arg 0.044 0 0.0060 0.1427 0.0133 0.0065 0.0531 0.0081 0.0556 0.0785 0.0145 4.22 0.975 3
Ala 0.1034 0.1690 0.1291 0.1342 0.0122 0.0311 0.0555 0.1581 0.0243 0.007 2 8.24 0.920 0
His 0.166 1 0.0853 0.0161 0.0844 0.0062 0.0240 0.2828 0.0104 0.1301 0.00038 8. 06 0.912 1
Gly 0.0098 0.0884 0.1681 0.0056 0.0097 0.0133 0.2686 0.0100 0.2323 0.0100 8. 16 0.910 7
Glu 0.0557 0.1527 0.1800 0.1798 0.1200 0.0413 0.1115 0.0466 0.0171 0.0210 9. 26 0.897 5
Cys 0.004 4 0.9793 0.0497 0.5435 0.1257 0.1382 0.4173 0.4420 0.4690 0.1534 33.23 0.788 0
Asp 0.0905 0.0822 0.1405 0.0454 0.0635 0.0707 0.0003 0.0870 0.0558 0.0308 6.67 0.971 3
Pro 0.0024 0.1077 0.0107 0.2307 0.0274 0.0653 0.2263 0.0139 0.0187 0.1827 7.86 0.899 1
Tyr 0.0084 0.0220 0.0255 0.2995 0.0283 0.0648 0.0719 0.2151 0.0821 0.008 4 8. 26 0.931 2
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Fig. 2 Near infrared simulation of non-essential amino acids
(a): Glutamic acid; (b): Cysteine; (c¢): Aspartic acid; (d): Serine;
(e): Arginine; (). Alanine; (g): Histidine; (h): Glycine; (i): Proline; (j): Tyrosine
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Rapid Determination of Amino Acids in Golden Tartary Buckwheat Based
on Near Infrared Spectroscopy and Artificial Neural Network

ZHU Li-wei, YAN Jin-xin, HUANG Juan, SHI Tao-xiong, CAI Fang. LI Hong-you, CHEN Qing-fu* , CHEN Qi-jiao”
Research Center of Buckwheat Industry Technology, Guizhou Normal University, Guiyang 550001, China

Abstract Buckwheat is rich in lysine., which is a lack in cereal crops. making it different from other cereal crops and has high
economic value. Traditional determination of amino acids was time-consuming and expensive. In order to meet the needs of
breeding of golden Tartary buckwheat, this study selected near-infrared spectroscopy combined with an artificial neural network
algorithm to establish a near-infrared model for rapid determination of amino acid content in buckwheat leaves. A total of 255

samples with different amino acid contents were studied, and their chemical values were determined after scanning spectra. It

was found that the content of threonine (Thr) in the samples ranged from 5. 307 to 14.374 mg +« g '. Valine (Val) content

1 1

ranged from 6. 137 to 16. 204 mg *» g '. The content of methionine (Met) ranged from 0. 308 to 3. 049 mg » g '. The content of

1

isoleucine (Ile) ranged from 5.259 to 14.134 mg * g '. Leucine (Leu) content ranged from 9. 730 to 26.061 mg » g '. The

content of phenylalanine (Phe) ranged from 5. 936 to 17.223 mg » g '. Lysine (Lys) content ranged from 6. 640 to 17.280

1

mg * g '. The content of glutamic (Glu) ranged from 10. 984 to 27.740 mg « g '

. Aspartic (Asp) content ranged from 6. 437

—1 1

to 17. 280 mg « g '. Serine (Ser) content ranged from 3. 467 to 8. 312 mg * g '. Arginine (Arg) content ranged from 4. 937 to
14.772 mg *+ g '. The content of Alanine (Ala) ranged from 3.329 to 6.885 mg + g '. Histidine (His) content ranged from
1. 946 to 4. 798 mg « g '. The content of glycine (Gly) ranged from 4. 196 to 9.264 mg + g '. Proline (Pro) content ranges

from 1. 024 to 5.672 mg * g '. The content of tyrosine (Tyr) ranged from 0.176 to 1.173 mg + g '.

The content of cysteine
(Cys) ranged from 0. 422 to 1. 926 mg « g '. During each modeling, 50 samples were randomly selected and randomly divided
into the training set and test set at a ratio of 4 ¢ 1. After data normalization, the neural network structure 1102-9-1 was used for
model construction. The simulation results of Arg and Asp near-infrared models were the best, the correlation coefficient (R*)
between the predicted value and the real value was greater than 0. 97, and the average relative error (RSD) was less than 10%.
Simulation test process found, Val, Tyr, Ile, Ser, Ala, Thr, His, Phe, Gly and Lys of model prediction and the real value of
R? are greater than 0. 90, the RSD is less than 10% , models are available; When the models of Met and Cys were tested in
simulation, the R* between the predicted value and the true value were both greater than 0. 78, but the RSD was greater than
10% , so the model was not available. The results showed that golden Tartary buckwheat leaves had a high content of essential
amino acids and had high application value. The analysis method of near infrared spectroscopy combined with an artificial neural

network could be used to predict the amino acid content of buckwheat, which provided convenience for the breeding of high-

quality buckwheat.
Keywords Buckwheat; Near infrared spectroscopy; Artificial neural network; Amino acid; Model
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