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esculentus from 11 provinces and autonomous regions in China (Xinjiang, Hebei, Henan, Shandong, Hunan, Ningxia,
Yunnan, Inner Mongolia, Heilongjiang, Liaoning and Jilin), and establish a geolocation model based on amino acid
composition. Methods Amino acid analyzers were used to test Cyperus esculentus samples from different varieties
across these 11 provinces and autonomous regions, analyzing the effects of origin and varying climatic conditions on
amino acid content. From a nutritional perspective, the nutritional value of Cyperus esculentus amino acids across the
11 provinces and autonomous regions was comprehensively evaluated through analysis of essential amino acids,
branched-chain amino acid composition and amino acid scoring results. Results Cyperus esculentus exhibited a rich
variety of amino acids, with essential amino acids accounting for 24%-36% and branched-chain amino acids ranging
from 12.02%—17.43%. Amino acid scoring indicated that methionine was the primary limiting amino acid in Cyperus
esculentus across all 11 provinces and autonomous regions. In actual consumption, it was recommended to address
methionine deficiency through dietary combinations or nutritional fortification. Under the subtropical monsoon
climate of Southwest Asia, the levels of glutamic acid and aspartic were significantly higher than under other climatic
conditions. Using chemometric software, 3 kinds of models—K-nearest neighbor algorithm (KNN), partial least
squares discriminant analysis (PLS-DA) and support vector machine (SVM)—were applied for origin tracing. The
KNN model demonstrated the best performance, achieving a training set recognition rate of 96.97% and a
cross-validation recognition rate of 98.99%. Conclusion This study investigates amino acid content variations in

Cyperus esculentus across different provinces and autonomous regions, providing a reference for Cyperus esculentus

cultivation and subsequent industrialization of Cyperus esculentus products.
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oY 22 4 T L& SR (24%~28%, & & IR A ik
IKAE AW (50%, 325 A e by FOBH D i ek, il H A &
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Tt L 7 2 R (cysteic acid, CySO,;H). L-K4 %2 (aspartic,
Asp). % (methionine sulphone, MetSON). L-714% &
(threonine, Thr), L-2Z% /i (serine, Ser). L-+4% & (glutamic
acid, Glu). H 4% ®(glycine, Gly). L-N 4% (alanine, Ala).
L-%i2 % (valine, Val). L-E& & [cystine, (Cys),]. Met, L-
SF 2% FR(isoleucine, Ile). L-7 % fR(leucine, Leu). L-F&%
2 (tyrosine, Tyr). L-ZRMNZ R (phenylalanine, Phe), L-Z1%
iR (histidine, His) . L-#fi 2R (lysine, Lys) . &L (ammonium
chloride, NHy), L-#§ % (arginine, Arg). L-fifi% & (proline,
Pro)]. Efi (el . #HEhSE il (15 H 2 B IF/R A FD);
ERFR (LR AL |« R (53 B4 ) (11 245 5 P Ak 2R A BR 2 )
SR AR T R B K Y o R A AR AR
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10 4 7 H—11 7 15 HIARA-50R A% wdb, 0w .
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1 AE KRR, FECSREEH S 10 FPAS W] SRS T
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4.0 mm)(FEREZE/RAHE); Milli-Q K& FKEAEGE
[ B % A F]); XSE105DU AT R F-(RJE 0.01 mg,
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Table 1 Collection areas and climatic conditions of sample
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FIEG = BRI WD ; 36~55 min VA C I = BV W DEII ;
56~75 min A D AR = ERE RGN, R SRR VR AR
JF(V:V=67:33), #1570 nm F1 440 nm,
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G & R I O, A ()ITHE.
n><Ai><V><c><M>;VStX100% )

Ay xmxV;x10

i w R RESEL % n A SRR B R
Ay PR R N R IR TR, 1 R iR A T
FERMAL, mL; ¢ AAREM K, nmol/mL; M A2 J R 1 B
IR, g/mol; Vi N FEMARHEE M FERFS, mL; Ay N
GIE TR T T X 1 IR W TR m MR T, g
Vi AR R ERE AR, mL.
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X o WHO O it Bt 1 AR 20 48 (World  Health
Organization), FAO “HEEG E M & KAl 40 2 (Food and
Agriculture Organization of the United Nations),
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K H B — 38 X 5 iIF (leave-one-out cross-validation,
LOOCV) ik, iy k it 4Bk (K-nearest neighbor
algorithm, KNN). /) — 3 ) 5 (partial least squares
discriminant analysis, PLS-DA)FI 37 5[] & #/1(support vector
machine, SVM) 3 B HIFEAL . KNN AR AR 2 %
X PR R, JE A8 IR 2 Al k(. SVM BRI 4%k
BRI PR 2 A, Wi A R LRSI S8 C T
Z ¥ yo PLS-DA HEAY: 3 b ¢ SCR UERf AE Fre L 32 13 48
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HIHRKT 80%IA KPR B
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AW E 3 K, A SN e HEA
Chromatography Data Handling System k47 4L FRAN4>#r I

IS T Excel 2010 P, FIAIRIAO ST A0S T2
AHEATALHEL. R IBM SPSS Statistics 27.0 F /4 7 4t

G T AR B LY (E AR R 22 2R . SR
R 25 7 00 L AEAS [R) 77 b ] 2 62 5 1 22 5%, Duncan ¥
AT 2 B (P<0.05).
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Fig.1 Chromatogram of standard amino acids

22 AE~MHET S RERE RS

R — R B R R SR B R e TR
WEARMEREEN, REW, WE 2 PR, RE
L1 A48 3 i 0 RE B 1 2 R TR 5 e vy T b DXy R,
HR I =E, SERKGBEANZE, &80 3EmR
B BB S A IO K AR b X S B R
(total amino acids, TAA)F i Z R0 4R B K3 &
A, HERACe3.0 mg/g) hHEE[(3.52+£0.36) mg/g] M=
¥ [(3.35£0.42) mg/g], & 4 (2.5~3.0 mg/g) A I K
[(2.58+0.19) mg/g] . 7 #k [(2.57£0.31) mg/g] . L T
[(2.55+0.28) mg/g] . & Ju VI [(2.57+0.33) mg/g] . T &
[(2.51£0.40) mg/g] M [(2.51£0.16) mg/g], & & =4l
(<2.5 mg/g) A L[(2.30+0.14) mg/g] . T RE[(2.2240.07) mg/g]
FINSE[(2.21£0.21) mg/g]o FHIL AT WL, B8 F1 2 B . X 3
WI TAA it im, BUA R R & O ST 5 58 1k 1
Ho WM T AIEMREE Asp. Thr, Ser. Glu, Gly. Ala,
Val, Met, Ile, Leu, Tyr. Phe, His, Lys, NH,. Arg #l
Pro, Ji Arg it H'YS TAA FREIEMRK, Met &
Bk, AFEMARIAT S, ZERTY S EHYAT 8
R H: Arg. Glu, Asp. Leu. Ala, Val, Pro 1 Lys, Arg
YRR —F e T 1R, BER ARG B 5T S iy,
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WMV — TP R IRAR Met 129, nT A1 iR f 3 < Met FiR
AR AL B KA S W05 IR R U, fEARIE N Met
G A [R] ISR AL RE B

A 11 A KRR X AR R IR S/, MR 2
iR, HP At MIBEE M Asp. Thr, Ser, Glu, Ala,
Val, Leu. Tyr 5 He; HisEiX Thr, Ser. Gly. Phe.
His. Lys. Arg &, Asp. Glu, Leu 2K T/
Glu il Asp S fER ) 3= LR, HrseA 2 ra A ys
GRS SERR I E R, AR AR RS SO T A S
WY ERY . Y TR, ATHkEREE T X A S T
PRTL, IR SR AR TN XU IR AT A 00 T ol ™ DX
P, IR Glu & BRI, HERUR AT REAHXT SR

23 RESIEIE T 0 T SRR E R S

_ 231 RRAMEERE TR RN ZFHAE
2 ARSI G A PR 0 5 2 P 5 3 0 B R T
ﬂﬁ SR P AR e 11 A8 B FA X AT SRRk
by A 10 FORIR S, TS SAE LR R, HA
b FE DX IR AR G R, 7 PR AR 45 L b 2 XU R I TR T
= TR KA T R R REAR AR AL (F 3 1),
AR X B AT AR TS o0 b, AU
0 il 8 FISAEIT N R & AT T Sit2# 0T, sk 3
,&/&\ §g~ ?K%/ %;é (\/& )%;{w ‘3@&\ >§p(\/<§x\ RS 7%\% !f)?moﬁ?ﬂﬂ%éﬂ%1ﬁﬁﬁﬂ@iﬂ§¥ﬁ%ﬁ#ﬁFF"@?L%@&
P % * R (3.37£0.48) me/g, FLUCR IR B P 2 XU
X (2.83+0.53) mg/g. HriAT KRR (2.63+0.15) mg/g
TE: AT REERR 28 57 .38 (P<0.05). A 2 T R RBE A A5 (2.2720.17) mg/g FIBE iR 2
Fig.2 l§']l“oztal ;;gf;fdgciifnénglﬁ?ﬁji%:es and YjEk"?l‘f]ﬁﬁ?ﬁ‘ﬁém%fﬁ(Z.ZZiO.Oﬂ mg/e, BB ERRY,

autonomous regions TR T 1 A S A R T SR R
F2 NNMERBRX 17 HEER S Eme/g)
Table 2 Content of 17 kinds of amino acid across 11 provinces and autonomous regions (mg/g)

HAHR = 7R TH e o7 R i) SOy AU R JOE[A B
Asp  035£0.04° 026+0.03 0.26+0.04*¢ 023£0.02% 026+£0.02° 027+0.05° 025+0.01™* 026£0.05° 0.23+£0.02 0.23+0.03° 0.33+0.04*
Thr  0.12£0.02° 0.10£0.01° 0.11£0.04" 0.09£0.01 0.10£0.01° 0.1120.01° 0.11£0.01° 0.10£0.01™ 0.09£0.01° 0.09+0.01° 0.12+0.01°
Ser  0.10£0.01° 0.09+0.01™ 0.09+0.03° 0.07+0.01° 0.08£0.01° 0.09+0.02° 0.09+0.01* 0.09+0.01* 0.08£0.01* 0.08+0.01° 0.10£0.01
Glu  046£0.07° 035+0.03™ 0.38£0.08" 035+0.02® 0.32+£0.03° 0.35+0.09® 0.25£0.03' 038£0.07° 033£0.03° 0.32+£0.02° 0.45+0.09"
Gly  0.14£0.03" 0.1320.01° 0.11£0.02° 0.1120.02® 0.13£0.01® 0.15£0.05° 0.12£0.01° 0.13£0.01" 0.11:0.01™ 0.11+0.01* 0.15+0.02°
Ala  0.19£0.04° 0.15£0.02 0.13£0.027 0.13+0.02" 0.15£0.02 0.14+0.03*" 0.18£0.03® 0.14£0.02*" 0.14+0.03*" 0.15+0.02% 0.17+0.02%
Val  0.19£0.09" 0.14£0.04* 0.16+0.05% 0.12£0.02% 0.18£0.02" 0.12+0.05  0.14£0.02" 0.14£0.02 0.14£0.02°" 0.12+0.03¢ 0.15+0.02>*
Met  0.03£0.01™ 0.02£0.01 0.04+0.01* 0.03£0.01® 0.03+0.01* 0.03£0.01° 0.03+0.02™ 0.02+0.01° 0.03+0.01° 0.03£0.01* 0.01+0.01°
Ile  0.09+0.01° 0.08+0.01™ 0.07+0.01° 0.07+0.01° 0.08£0.01°¢ 0.08+0.01™¢ 0.1120.04° 0.08£0.01° 0.07+0.01° 0.09£0.05° 0.09+0.01°
Leu  020:0.07° 0.16+0.02% 0.14£0.03°° 0.13£0.01% 0.15£0.01° 0.16£0.01* 0.18+0.05® 0.15+0.02% 0.14+0.01° 0.13+0.03° 0.18+0.02™
Tyr  0.09+£0.05* 0.07£0.02% 0.08£0.03® 0.06+0.02° 0.08£0.01* 0.06£0.01* 0.08£0.02* 0.08£0.01® 0.07+0.01* 0.06£0.01° 0.07+£0.01%*
Phe  0.09+0.01° 0.08£0.01* 0.07+0.01° 0.07+0.01¢ 0.08+0.01* 0.08+0.01° 0.09+0.01® 0.08+0.01 0.07+0.01° 0.08£0.01% 0.11+0.02°
His  0.05£0.01° 0.05£0.02° 0.04+0.02° 0.04£0.01° 0.04+0.02 0.04£0.01* 0.05£0.01° 0.04£0.01° 0.04£0.01° 0.05£0.02° 0.07+0.02"
Lys  0.15£0.04° 0.14£0.03* 0.10£0.02° 0.11£0.02* 0.12£0.03°° 0.14+0.03"° 0.14£0.02* 0.13£0.02*¢ 0.12+0.01°® 0.12+0.02* 0.21+0.02°
NH,  0.05+0.02% 0.06+0.04> 0.04+0.02° 0.03£0.01° 0.03+001° 0.04£0.01° 009007 0.05£0.01" 0.03+0.01" 0.03+0.01° 0.08+0.04"
Arg  0.83£022° 0.59+0.13° 04440.13% 044+0.11° 0.56+021° 0.54+0.18% 0.50£0.14°* 0.57+0.16° 0412008 0.49+0.10°* 1.14+0.20°
Pro  0.18£0.07° 0.11£0.04° 025+0.10" 0.13£0.05* 0.16+0.13% 0.17£0.09° 0.10£0.06° 0.13£0.09° 0.13£0.07° 0.130.10® 0.10£0.01°

TE: FATEOR LARAS R B3R 7R 22 53 .3 (P<0.05), £ 3 [Fl.
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TR 25 0 A AN [v) KR TR X A e 7 149 22 e, A B £ SRR BT S T0 R IR R, R ORI T A

PRZIEIR (Glu. Asp) X AR . 7 pg R 2o XU 5%
F, Glu & 7 1K(0.50+£0.05) mg/g, Asp & & ik
(0.36+0.04) mg/g, YA BRI P i . 1T
2= XA Glu 1% 542(0.25+0.03) mg/g, SN HTE 50%,
X Glu (A B IR K A MUK, T RE S R 2R
B IR 2 2 I P T ) 35 4 A2 T R A s o 201,
232 A4ER-FRAEALBRAR R 6y £ 2L

Mo R, A SR Bt s
R P, PG AR R E RN, &
IR AN, W82 3l DX ELA IR R A A
Fo R H BRI 22 . OB A ERER, Gk
WERKAE S, OWRTRLEE BEAR, PP s, T AR,
SESySE =B S EE gy L WAN 1)) = g < 1 T e S L R 7
KT AR, PRIE T AR TP IR N 3 g
W32 i B R AR AR N -

IR A WU S BRI S . A3 eI 5 e . R
W2 I — 2R 9 B0, 3k S il 1) 15 LA T RE A
P, BRI IR T R AE 25~30 °C. PTG PV B RS AR X 4R
ihas B, A IR R AP AR RS s S o, AR A
EWl . ML EIERR G . ik TR AU R AR K
TR R, ARIR G S 2 4, e I 91 S AT i DX R 37
FENN R T R AR R R

VA b ] =4y e 44 H RIS 50k 2600~3400 h>, 2
ik 2000~2800 h**, Sef 1 R, RE LIRS AR ML T
FE R R AR RE B, O BRI 5 A SR A O T
TEAR S SR HE AT i S48 A I e A R TR o R s,
P HE S IER A B T8 A 25 P (R S0 2 o e 4t X)) B 1
2K (15~20 °C)20 A5 FI| Fte K Ak A 4 i A BN S K R 1Y)
HHPL ARE RIS ER AL, Sea R,
TR IR AR P TS RE, A SRR & R L 7 AL IR, XA
H R AR AR R v 5 R 3 1) T A P
24 1N NMEERBBEXIEBREANETN
2.4.1 EAA B 3 4k BB MRS 5T

— Pl W B 1B SR 45 T DA ) L
EAA (RIS B R b a0, 2R A Lo o1l iz i A
R B E IR ], R EC . H e e R B —
TR AR 195 L 5] 58 245 & WHO/FAO #LERT EAA/TAA
N A0%EIRRAERTY . Wk 4 BR, 11 AN K AR X IIHIE &
EAA/TAA TE 24%~36%, 35 SCHk 75 A1 E ok FI K &
EAA/TAA HAEAE 33%Z 4718, b iy M AR AT 35
F| WHO/FAO Frife, {HBEE TR R E A EUAE, BEByR
TEFMMEN T, EAA REBEARMEIAT R, SYEN
TR BEAA Sl | Heplisdz i AARTR R, HAwih fng
R FH 2R e 120

#£3 TRESEEET 17 HEEBRESEmg/g)

Table 3 Content of 17 kinds of amino acid under different climate conditions (mg/g)

SOLER AR AR 2l G HE A S o 2. i B oM T G N iy d bkt o s il UG
- B v pNiie=S RN 7S Z AR ZE WA KEitEERA R TRAE ZRA M
Asp 0.28+0.05°  0.24+0.04° 0.23+0.02¢ 0.25+0.01¢ 0.28+0.04¢ 0.24+0.02¢ 0.24+0.04°  0.36+0.04°
Thr 0.11£0.02°  0.10+0.01°* 0.09+0.01° 0.11£0.01°¢  0.11£0.01* 0.09+0.01% 0.09+0.01%  0.12+0.01°
Ser 0.09+0.02°¢  0.08+0.01° 0.08+0.01¢ 0.09+0.01*  0.09+0.01% 0.07+0.01¢ 0.07+0.01¢  0.110.01*
Glu 0.39+0.09°  0.34+0.04" 0.33+0.03" 0.25+0.03¢ 0.38+0.06" 0.35+0.02% 0.31£0.05%  0.50+0.05°
Gly 0.13£0.02°  0.12+0.02" 0.11£0.01% 0.1240.01% 0.17+£0.07* 0.1140.02" 0.10£0.01°  0.15+0.03"
Ala 0.15+0.02°  0.15+0.02° 0.14+0.03" 0.18+0.03" 0.13+0.04" 0.13+0.03" 0.12+0.01°  0.20+0.04
Val 0.15+0.03°  0.13+0.04" 0.14+0.02" 0.14+0.02" 0.10+0.08° 0.12+0.02" 0.13+0.04*  0.20+0.11°
Met  0.03+0.01*  0.03+0.01%™ 0.03+0.01° 0.03+0.02**  0.02+0.01" 0.04+0.01%° 0.03£0.02*  0.03+0.01**
Ile 0.08+0.01°  0.09+0.03" 0.07+0.01°¢ 0.11£0.05" 0.08+0.01" 0.07+0.01¢ 0.07£0.01°  0.10+0.01%
Leu 0.16+0.02°  0.14+0.03% 0.14+0.01¢¢ 0.18+0.04" 0.16+0.01% 0.14+0.01¢¢ 0.12+0.01¢  0.22+0.08"
Tyr 0.08+0.03™  0.06+0.01™ 0.07+0.02" 0.08+0.01"  0.07+0.01™ 0.060.01 0.04£0.01°  0.09+0.06*
Phe 0.08+0.02*  0.08+0.01%" 0.07+0.01% 0.09+0.01* 0.08+0.01* 0.07+0.01% 0.07£0.02°  0.09+0.02°
His 0.05£0.02*®  0.05+0.02* 0.04+0.01* 0.05£0.01®  0.05+0.01*® 0.04+0.01* 0.03£0.01°  0.05+0.02°
Lys 0.15+0.05*  0.13+0.03% 0.12+0.01% 0.14+0.02% 0.15+0.03" 0.12+0.03% 0.11£0.02°  0.15+0.04"
NH, 0.05£0.03°  0.04+0.03" 0.03+0.01° 0.09+0.07* 0.04+0.01° 0.03+0.01° 0.03£0.01°  0.05+0.02°
Arg 0.68+0.33™  0.52+0.12% 0.41+0.08¢ 0.50+0.15°¢  0.54+0.19% 0.44+0.12¢ 0.44+0.06°  0.78+0.24™
Pro 0.16£0.01*  0.12+0.08* 0.13£0.07* 0.10+£0.07° 0.17£0.10® 0.1440.05* 0.20£0.13®  0.17+0.08"
J=8 54 2.83+0.53"  2.43+0.21% 2.22+0.07¢ 2.51£0.16"¢  2.63+0.15™ 2.27+0.17% 2.21+0.21¢  3.37+0.48"
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#4 EAA FIBCAA SE4tL
Table 4 Percentage of EAA and BCAA content

X EAA (5 E/% BCAA 5 H/%
=M 26.07° 14.38°
INZR 28.36¢ 14.77"
TH 27.70° 15.05%
e 28.69* 14.78%
o7 29.46% 16.17°
K 28.15% 14.42¢
W rE 32.03° 17.43°
By AN 27.37¢ 14.27°
o) 29.74° 15.79"
A 28.57¢ 14.77%
e 24.75° 12.02¢

TE 6 SR [\ 5 B R o8 2 = B3 (P<0.05); 3¢5 & JE R
(branched-chain amino acids, BCAA).

11 8 K HIGX EAA SEOHEF KK A : i/ 32.03% ., 7
B 29.74% . 1T 29.46%. WS¢ 28.69% . ifdl 28.57%.
LZR 28.36% ., Tk 28.15% ., T 5 27.70% . BRI 27.37%.

G 26.07%F151 88 24.75%, EAA 5 EEATH(24.75%~32.03%),
A, SRR HE R IR . BCAA (Val, Ile. Leu)
R T A4S E DhRetE, X ARUIA A BRI IR A
EEEM. 11 MK ARK BCAA N & AR
(17.43%), 5 He AR A2 598 (12.02%) . W R i 75 5.1 TAA
GRBARANEED, (A EAA FIBCAA 5 RS, M
BRFAERGGEFRMERE, NMUBEN AR
B EAA, W2 H® AR, FeEE S A RENASG

B, PURESTIIRER BCAA, &1 NB s AREFIRAVAE
HIEFRAN T
242 RABRIFSHATER

FAO/WHO #i i iy« BRAR R (10 REX, 8 ST AMRBT
T EAA WA LG, FTFIHE e E A R EFR N
{EHP, AAS N Y8 AR E RN A EE AP, AR
# FAO/WHO B3 (1 2 ZE IR & f v EE MY 50 AAS,
S PUR. BERFM, 118 K AR XIS T 2 LR
— BRI LRI A Met, XEWE Met P EEAF
W Z | B IR AR R R, JT AAS &
7.1~22.4 Z A, AR T HAL EAA. B Met ZHEMR, (B
JEEREREAEAN X 22 SRR, WE 3 PR, WESHEEIM
7ACHEE . IWA)F 22.4(TR), SEEZRAVER 3 52,
VLR R A R IR B y5 B SRR AL AR, A BRI
FERR A O A W R . T ARG ) Met PEAMIX B2,
VAT Met 1Yt Z P2 BRIt b X, SEFX 48 X
MY AN S BRI R R B SR MM B . KE
FORE Y B A B AR R SRR AT AN A ), KR E
ES — PR e Lty MetB?) 78 H %A F i AT MR R
R E AN, 55 & Met BIEY), 04390 GE # 25— PR
PEEIERR R LysVh—il &, B SEIR fAh, M4
BARE AR,

Met JEEARA B EEM S HALR, 1EARRE
RS 5B AW EARBRN S s R, FidE SR
Met RTIER, S5H IR . ZHA B B AR %
SRR B MRS R Met HRBLZ, F
TR AR F s R AR AE R P S B ERAL, HIA K
ZRRW . R B AR i S [ 4 DS

x5 NNMERBERXHTE AAS
Table 5 AAS of Cyperusesculentusin 11 provinces and autonomous regions

AIER Thr Val Met Ile Leu Phe+Tyr Lys
e 44.0 43.4 7.1 35.8 383 40.0 60.6
=M 62.1 373 10.9 35.4 35.9 342 43.3
IN7R 413 38.6 7.1 35.4 38.3 40.3 37.9
THE 42.1 55.0 22.4 31.7 28.8 333 27.6
e 333 38.3 14.8 27.9 29.8 30.0 31.8
uTr 45.4 61.7 19.0 37.5 39.3 522 42.4
bR 41.3 41.7 19.1 35.4 34.5 38.9 25.8
WrE 43.8 46.0 16.7 47.1 67.4 40.6 36.1
By RN 48.3 62.0 19.1 35.4 35.7 36.1 27.9
baN) 39.6 48.3 15.7 31.3 355 26.1 40.9
k. 41.7 55.0 214 56.7 28.8 37.5 24.2
¥ifE 43.9 47.9 19.0 44.7 37.5 37.2 36.2
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AFRYLHIRE, M5 S Met & 5 I0AT e H b 28
H AT RS R DI OG o Vb R BT R PO IR R
FURIBRE 11, o o R SRR AR LU0 R AR I AU b,
TR R RO AR T B 1 O BT
(AR Bk -y T e FAT 8 BRI, Ao,
TREANILEE A Met PEM XL R (>20), RTRES 21 3%
L R K- A e A O R S AT O

FER AL Z T, Met 9 BR G PERHIE 75 SR £
FEIC S 77 AT AR AE T WIAREE A AR SR A B A S,
7P AT 58 & Met fUAHICIN TR NS EE(INR B
MIG)ER, ISR AN, S E AR, b
SAE R/ Met BEIE, ATEARIEN Met 40 ARG E2 T $2
PaeE SHEN, HA —E R R E SR E T

30 -

10

PR EAERRTT 23

0
N O

HiX

30 1A K AR X IR VE R LR
Fig.3 Limiting amino acid score for 11 provinces and
autonomous regions

2.5 UETEFEITEN

fefi R 2R T KNN B95 50 8 4 SR A, BRTn]
At TR AT A A BIRE A B L i B NE 1, A
M DX BEAS 4> BS B BT, PLS-DA REAAM R, Hh =
M. ONSE L LT R AR A A, SVM FEA
OF S EE SO RERAEL, AR REAR I B AR, DA 4. KNN
T, RS 32 UITE ik, FRATE N X HE B, #0E &
2500 3, HBIBOR RIF, KNN JIZE IR N 96.97%,
RIS LIRIE IR IR 98.99%, % s i — %, FWIH
TR 2 51 T 806 B B, HA Rz kRS, o
LA AL 2.02%  KNN FEIEFREA R IR B0 7432,
B 4A T LIE H, BRITE TR B A BIRE AR U
BURBEEE/NT DAL, HARE G R AR AR 2s [0 2y 5
PR R AT A AR, U R [ 7 b Tl v 5 2 R R 4
FLAG PR (Y b B SURFAE, Rl — 7 M RE AR A e S R S o0 S

AL, ORI = B A7 AR AT XA P 22 5 o AR RLR 7 X
VR AR o, 0l B kA v 40 253 i) v ke S5 L
TURMERAR, 8 A E IR I HA A W2 A8 SRR RS
FaE R . Pareto hrE AL WAL BRTE 14 B8 B AR KT 2544 Y
[E T FREA R A, S —B5Rb T RIS RN,
N ke AR IR BN 2 SRS R AR A A B A BO LA
AR JE AT, WEREG TR k(R K S S i SR,
MREME AT ACHERR S8 FEA T . KNN BRI S, X R
TH 7 i 8 M TIE R T A R TR S
RIRT R PR TS 5™ 0 7 H R SR (A BT S v =
ZEMVEE), FTEHFEHIRTE, SRR X A, W E
PR RS AN BE W0 . PLS-DA #UF, RAIE—
A IE T, IRBIRCR AN BEAR, PLS-DA YIIZREE 1% N
23.74%, HREAIZE B TEPA R 24.24% . SVM U, R
FHE — 2 LIS UE T, R BT 2 A%, kil
FIBCRA AR, SVM YIZRERFIZN 97.98%, HIMIAE X5
WEHRIZES 6.06%, MG ME, RE I GEasE: #+
AESEELER ARV, SVM YIZREIRHIREL 97.98%,
{852 LI UF R B ZAL 6.06%, 42 FH LAY % 25 BE ¢ MEASAE
AWFFERFERCK 17 FhEERR, 2R S XA
BRI AEG, BNEBFEARSUR DN 44, EZh 7
A, BEEARR 66 1), WK 6. FEABMINALE, FEFRAR
AR T, SVMUERE IR R 2 0020 A R % 16T
BEVIGRFEARSE L IX 43, B 2% 2] 7 5 v A e 5 0 R 5
X, FEEERIAE R WAEA FILF5E 4 k8. E 4C FiR,
SVM 114 1) 531 45 % o A R R A B R R A, X S e TR AL 7
2] PR LA T SRR E FEA I RAE, BRI
P AR, WO AE B UE R RE AR, X AT i
TCRIE#Z AL, KNN BT RIS AT H SVM B 84 1]
REVR TS Bl i, AU A R R . &4
AT AT AR A, KNN 9 382 2] SRR 4 324, T SVM 42
SRR W 7 /INREAS T X DA B EL SR

AMEFEHEN ) KNN ™ b P 70 58 S e 1) e ik
98.99%, LT PLS-DA (24.24%)F1 SVM (6.06%), 7=H]
KNN 7E/NREAS | ZHRFAE | ARG oA 0 4™ S I D5 55
HAHBIEHE . BE, KNN E—FIESEN T T, A
AT E A s, BAEEBRANXEZLZHE (K
1 58 RIS A3 TS 2 R R SO
HR, KNN FEFHREA 0] B IE 2 B i, 78 o 4R AE 25 [|) R
AP R AR N Jr i B etk . AEgE b, TRl—28 133l
WA SRS S AR, AR B RIAERRE 2R,
KNN [H«[RIZEAHEE 248, MHEL=Z T, PLS-DA fER—
PR HNIN T, FERIE S 2800 6 R 2 240 5 2 AR etk T
W, SEHHEE S T, SVM BAENGERMRLE, (H7E
INFEAR AT 5 B G, U i R B 2], AR
B[] T A2 M 7 I 2 o B DOL ARFgeh SVM
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AR IKR 97.98%, (HAE LI UEHAIRIL 6.06%, 1F&
LAY /INFEAS IS LA 2B

A SR T B IR AR B A R L 2 2 | R
TELERE R B SPRA R . ABIESE BREAC R 66, $FIEECH 17 fl
G, JE T IR/ INREA m AR . AR B SRR,
KNN HA7 i3 KNN S tEei 2 5k, A4 H)
BURREL, B T SEUG L RR A A LA KU R oo
BT KNN AR o WA A B S A B R Ja A 7R 531, %4
JR MR AR, HAT BRI R LA R T A
F7E H KNN Y 2R 558 U IR B R 22 (8 4 2.02%, 1
T B L SR B (20%), 32 AR AY B2 5] T 88 1Y 3 i

A, ME Rz BE ST T SVM 7E)I il 72 i
MEE R 2 RPN R, SRR AN 2 LS P = 22 )
W S AT, B G AR PR RRAE (AN SE B 1R 25 L A
IRV, FEGIIE . AR SVM I lGRE
I8 91.92%, FRiiE T ixX—HIWT .

KNN FEETCF IS e, 5 TRk, X
HEBREEREIT, B hIRbR MR . BB
A4 ) B TN RS KINN BRI SR 7 X
BN Pareto brBEALTALBE, HE—25 000 T X YA 5
BAEIE RN RE ST, MIMYFE T HAGIE . SRR R (RN
BVRARAL T AT SR A B S

A B
10.0F — 10.0¢ T
H]J\ ’ i ,,,H,
7.5 SR oo 7.5t s
» — il = I
: — o FH LA “ = LRI
& s— < W g | — oF g(un%ﬁ%) _
= 50 g 850 — SRR
= w— CEROIGE = -, S EONZES
= smosE) — SERED
25t e SETOIg T s - g L0
: e ol ()45 LIS
] A Ll ) s Nl e
ok . BNESR) ob = " B )
0 50 100 150 200 0 50 100 150 200
FEf 45 RS G
C S
100 Treereere
5 — ‘
BN — S EI)
K = (I
& 5ol — o THIZLE)
R s . m%wm%
= - SIS
= [Em—— * EARNZEAE)
25 P + BIRONIZRAS)
* BT (I 25E)
- W (I1254E)
m—— eRUEAIEE )
of BrimO)I )
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e s
¥ A. KNN #E R [&]; B. PLS-DA #5551 [&; C. SVM KEHIE
K 4 KNN, PLS-DA il SVM iH 4|4k
Fig.4 Recognition results of KNN, PLS-DA and SVM
F6 3MEXBIEIRANER
Table 6 Modeling identification results for 3 kinds of patterns
X B UE NIk BiHh T A B YIGRERHIZR/% IR I2/% AR %
KNN B — 3¢ L IE Pareto fr1 & fk 96.97 98.99 2.02
PLS-DA il — 28 IR UE el 23.74 24.24 0.50
SVM i — 28 LI IE Pareto b fk 97.98 6.06 91.92

AR BRI ZRAE 538 LI TE IR BR 2 AW, 220/ T 5% R IElE, 5%~20% R, KT 20% A .

3 4 1

AR ARG T P E 11 A8 K AR KIS T
FEPR A AL, WP B AR R B . B

[(3.52+0.36) mg/g]H X b & & IR B Eim, HIRAR
[(3.35+0.42) mg/g], HA K& S E L. Arg
S LB IR [(1.1440.20) mg/g), Lys 2t 2 FHT 58y
A . BSER A 2 SR B B, T B 2R R A



95114 ik

T, A E 1A K AR KT

FASEMR S S ML B SN E P 247

FKAUR Glu, Asp 5 i & 5 T HAMAERA, X 572K
K. IETIRE B R B RIRER VM, BRMETHN
i, EAA/TAA H {H A 24%~36%, % iF K& f F K
EAA/TAA HAE/KT-. WimAE s BCAA 5 ki (17.43%),
AN AR . AR — PR SR Met
(AAS A 7.1~22.4), TEAMIL Met FEAFIX & 5, &5
BB, SSIE R AN, 45 G bt i it
AFrPe A AR Y KNI A8 00 36 B4 1 (50 S8 T 1 1) 2
98.99%), BT IMI95 27 il B 7 DI A BT s 4506 . AS Bt
SN SO X . I F A A R R
MRS AL TR AR, AR TTiE—H ot sl . FbseE
FRAUIN T SRR R, LA S v R RN A
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