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Abstract: This study used walnut male flowers collected from 11 distinct regions to analyze their amino acid composition
and content using an automatic amino acid analyzer. Correlation analysis, principal component analysis (PCA) and cluster
analysis were conducted for a comprehensive evaluation. The results indicated that all samples contained 16 amino acids,
including 7 essential amino acids (lysine, methionine, threonine, isoleucine, leucine, valine, tyrosine), 2 semi-essential
amino acids (histidine, arginine) and 7 non-essential amino acids (glycine, alanine, proline, serine, cystine, aspartic acid,
glutamic acid). The total amino acid content across regions ranged from 10.53% to 16.61%. The sample from Hebei exhib-
ited the highest tota lamino acid content (16.61%), as well as the highest levels of flavor-related and seasoning amino acids
(26.88%) and medicinal amino acids (11.88%), suggesting that walnut male flowers from this region possessed consider-

able potential for application in food research and development. PCA revealed that the first three principal components col-
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lectively accounted for 96.51% of the total variance, effectively capturing the comprehensive amino acid profile. The top

four regions based on comprehensive scores were Hebei, Henan, Jiangsu and Shandong. Cluster analysis grouped the 11

regions into three categories, consistent with the PCA findings, and accurately reflected the regional differences in amino

acid composition, flavor characteristics and functional properties. These findings provide a valuable theoretical basis for

selecting suitable planting regions and guiding the processing and utilization of walnut male flowers.

Key words: walnut male flowers; different regions; amino acids; comprehensive evaluation; principal component analysis;

cluster analysis

#Z Bk F )& T i Bk Bl ( Juglandaceae) #% #k J&
(Juglans)HH¥), RSB E, &) M HTE
il BRI . BRI AT T AR E S I
B E = 2 —, PR B R, 3 E XA 1 1
B AR R BT, XAMGE AL T RIS YL, BT
PRAIR 2P, WRFE RIS, ZAkHEAE b s & A o
Y3 | WIS PSSR R AR TE RSy, DU
FEZZ IS IS S e, i . P . Bt
JHvIEE . PRI O ML AE B8 S D281, (R LB —
PILREAERT . BRHEAETT LE—25 I TR, 228
Tk . Ay AR YRGS T EAA R
wt,

AZBRHEAE T 58 S i R BE, HS s AT
ik 30.21%, FEHCR K 55.63%"12 . S IEIRAE R 115
FFEAFE G EATT, e R AR BTG S SRS A 0.
PEYIIRT), $ B AR RS RERE 1 TH T hTe 2
FRFNEHE AT IR, B R LA IR & A i
Fhrh I s AR, DI SRR Y 2H M B i DT
B B R B SR E R EEZEAE AR

SR, B AT AZMEIER A oY 22 A T e ot
AR EFRRT T DA RS [RIAb B  Ek
S, A AL VR | I A LA R
FE S BTRSE I TS SR ], 82 XA PR HELE 2 R R
ZREMATHITIOTEE, SO A B E SR E M RIS 2]
FEOTEIRAAIE . B, AWFIEXT 11 AR =L
AZRHEAEIA T T S ISR 43 S & 43407, il sy
43 #7 (principal component analysis, PCA) Fll1 3 2545
BTXT A TLR G, DIAROT ZAZNEE P it i
PR, IR I 2025 M E R FHAME
1 MRSEE
1.1 MRIEEE

ZARHEAECH AR T) 11 724, 4330k | %
B(AH) . TN (GZ) . ILZR(SD) . R (HN) | L7
JS) . {WHEHB) . PWI(SC) . =g (YN) | dEE(BJ) .,
HA(GS) . BEPE(SX); Rk . iAW .. 2E. &
BREN (IR ordrat)  EZGERIAGIE BRA R 2
FRAT ARG & AR (ORE) 43T A PR
AR

DFY-500 /NG HEAL IR0 AR UA
BN F]; 101-2AB B GG XU TRRAE SRR 48T
P ESA PR F]; XMTD-8222 fHIG /KIS gk
TRV AT BN w5 L-8900 4 [ sh 2 S 43 Hr X

TEE 2 BREIRAF],

1.2 SLWHE

1.2.1 FESATALIE SRS AM AR Ok, JTAS I
Bl o KR 0 AZ B AR ATE B R (3 60 H ),
B 25 mg B4, A 5 mL 250, BN A 3 mL
6 mol/L FYELIR, SR FIPDRE KT sl hr gz 3t 11, il gt
FEH 110 °C FKfR 24 ho KoK AS BURE R 2SR
HR IR B FE A LR, I FH/KR 2R Yo g 2 Ehif, Yemi—
FEBIAZE LI, 1E 80 °C &£ M TF/KBZET . FAfiE
D MR Z IR PR ZE AL, VEWELE A 25 mL 23,
FHMAER PR ES . H 0.45 pum TEFLIENE L UE,
#H.

1.2.2 BEATA L BEC 203 38 A0REMR 10 mL
% 50 mL AF AT A, IINAATAERF 5 mL, 1B5,
JEE] 60 °C /KU, BEANIN 1 he NV SERUE, R4
T AR, ISP 2% this iom e 2 20 2, ¥ i — Be Bk
(A5, F 0.45 wm JERRETE, B 10 pL #ER:

1.23 iR @A : C (4.6 mmx250 mm,
5 pum); KllE S 2241 360 nm; AL 28 °C; PERHAFH:
10 pL; FLshAl A: ZHE 7K (1:1), #ishtH B: 0.1 mol/L
ZIREIK I Tiad 1.2 mL/mint™, B8 5E e AR F UL
1. BRSSP RASMRE, LI 16 FhEFERRTE
tgesthlbrrE 2R, MRYEAR BE B ] e, W A i

®1BBERBET

Table 1 Gradient elution program

fis 8] (min) I (mL/min) TEIFHA (%) TENAIB(%)
0.00 1.20 16.00 84.00
0.30 1.20 16.00 84.00
0.40 1.20 16.00 84.00
4.00 1.20 31.00 69.00
4.10 1.20 31.00 69.00
9.50 1.20 36.00 64.00
9.60 1.20 36.00 64.00
17.00 1.20 55.00 45.00
17.10 1.20 55.00 45.00
38.00 1.20 60.00 40.00
38.10 1.20 60.00 40.00
45.00 1.20 100.00 0.00
55.00 1.20 100.00 0.00
55.10 1.20 16.00 84.00
60.10 1.20 16.00 84.00

1.2.4 SILR PG IE M (Taste activity value, TAV)
T TAV HREBRYT & 5 SR BT E R B
A LUARL, 2200~ A TAVES 22,
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TAV = S
X

Horp, C A i SR 2 AR 5% A (mg/g); X N
SILRUGE H{H (mg/g) . TAV ARFAHN SRR A%
WRHEAE S AR O TTRREE, TAV>1 B, TSR a5
FRS B AR XU AT BTk, TAV<1 B, BlZ & 3R f X = ot
BRE/ )N o
1.3 BUEALE

BEAFEM BEE M E 3K, 45 R KR
{H+FRUEZE (Means=SD)” . % JH Microsoft Excel i
ATEAESIHT, SR SPSS 21.0 FAFSH THA R 7 2547
#T(Duncan Z T 4% ) Fl1 Pearson #H &M 434T, 3%
MIKFh P<0.05., >R A Origin 2024 {43817 PCA
FIZRZE T
2 ZBREZ
2.1 R SR N & BT

FHER 2 AT, 11 b DX A AZ IR A Hh 2
T 16 FRE LR, LR AR (Lys) . SHZ R (Met) |
TR (Thr) . F3EEPE(le) . 72408 (Lew) | HIZEIR
(val) | B 22 (Tyr)7 Fbis 2 5L, 2H 2R (His ) Al
IR (Arg) 2 FiP b TR E2 FR A SR A2 1R (Asp) .
RAMR(Glu) | 2281 (Ser) . HEAW (Gly) . IHZ MR
(Pro) . WZIR(Ala) . P2 R (Cys) 7 FhdE sy 28 5k
TR, A M IEAE T K fi Z FE IR 17 24 5 bl i B
MK N Leu>Glu>Asp>Arg>His>Lys>Pro>Gly>Ser>
Val>Ala>Thr>1le>Tyr>Met>Cys, H.H' Leu A& &
Herm, IS F T 3.13%; Cys M9 & &Ik, (U 0.04%.
Leu /& —F i bR ZENR, Ho 5 frd ., 1l AE S ARk
AERIR A BT TEIARAT G

e 11 DREHLIX P, HB & IE0R B & B i e,
IKF T 16.61%, 1M YN (19 2 5 2 B & 5 eIk,
10.53%. 5~ HL XA ME A 20 LI 1 5 B 22 [HIAFAE
222 5PE(P<0.05), AT RS i T T AL it s BEER
WAFET S AUFTERY, P X A =R 7%
AR RE . AR EEER, P25 T 28
A BT, A4S ZU LR 19 AR SR ATHAER ], T LAASIE]

I

bR ) S 25 5 o P LR o i 25 SR

ARSI, A AR M X AZ AR MEAE 2 LR
ML — 2K, (R R TR A i Rk 25 57, a0k

B A A AR A 22 5k, A B A HL X 2 REE

2.2 EIMBXAZREETE A XU REESE 74

FA LR AE TR T B Wy Ay XU v e 3 G B M
FHo AZMRREAEAT AR XA, ST & a2
WRE LI AR SR OC . AR SRR 0, &
FEVE I SRR G SR 0] 43y 4 JEP7): fif ok 2 B iR
(Glu. Asp. Lys) . &BREILMLZ (Thr, Gly. His. Ala.
Pro. Ser). ¥R E AL (Met, Arg. Val, Leu, Ile)Fl
FE IR FENR (Phe ., Tyr. Cys). FEVEB 7, A2 %
VE R Y 2t 5 25 B & 3L (Flavoring and coloring
amino acids, FCAA), f#5 Glu. Cys. Val, Leu. Lys.
His, Arg,

th 2 3 AT, AR EELE b FCAA 19 & B e,
TE 6.61%~10.10% Z [i], “F-Y¥J{H K 8.10%, JLH' HB
J&: FCAA Erigfm i IX, Eaik%] 1 10.10%, 24
SR E B Y 60.18%. A58 H, FCAA 1l LA
38 3o SER A S N A AT R TR A () 5T, 50
B XU, R PE R S B S A P, i HB 2Rk
THEAE A IR S A A, AT AV M ORI A B & i b
YRR R 2 FE 1R 1) & 52315, N 4.30%~6.39%, -
YR 5.33%, Horr HB & 7R LR & i 22 10 b,
X, TZHIRB] T 6.39%, 24 5 &L S i 1Y 38.08%;
TR S IEIR T S i = A Leu, ¥R E LR H AT BT
R PUAEALSEAE B E R, A B AL H A AR
P25 . AZRIEAE IR Z AR P R 3.09%~
5.12%, ‘BN 4.01%, Hih HB SR EmE &
i AOHLIX, SRR F] T 5.12%, 245 S e B
1 30.50%. AZMkHELE P EFIR 2 BL R & il 2.79%~
4.80%, FHIME N 3.58%, Hodh HB JEfif R 2 FL R &
R RIHLIX, SR F] T 4.80%, 245 S B
M%) 28.58%; fEBREFLIR H & B = 10 e Glu, Hi 5
R AZ T 19R A IR IR FH AT LTI S £ g i e i J 120
T A AR A A v 5 5 T L iR & 1370, S 0.31%~

K2 I A AR SRR S A

Table 2 Amino acid components and contents of male flowers of walnut in different regions

AHRR (%)

HuIX

Asp” Glu’ Ser’ Arg* Gly’ Thr™ Pro’ Ala"

o A
foNZ o

Val™ Met™ Cys® Tle™ Leu” His* Lys™ Tyr™

AH  1.13£0.07* 1.43£0.08% 0.60+0.03** 0.69+0.04" 0.57+0.03% 0.45£0.03*" 0.55+0.03 0.530.03¢ 0.570.03* 0.02+0.00" 0.070.00" 0.47+0.03% 2.84+0.17% 0.84+0.05* 0.67£0.04* 0.33£0.01° 11.75+0.67*"

GZ  1.17£0.07% 1.56£0.09' 0.610.04" 0.97+0.06° 0.62+0.04° 0.48+0.03° 0.59£0.03% 0.59+£0.03° 0.59+0.03° 0.06+0.00° 0.07£0.00" 0.48+0.03° 3.33£0.19™ 0.73+0.04° 0.64+0.04* 0.31+0.01" 12.80+0.72
SD  1.37+0.07° 1.57+0.08" 0.68+0.03° 0.870.04% 0.69+0.04° 0.55+0.03° 0.64::0.03° 0.63£0.03" 0.65+0.03" 0.06+0.00° 0.07+0.00° 0.54+0.03 3.1240.16™* 0.970.05" 0.70+0.04° 0.39+0.01° 13.50+0.67"

HN  1.54£0.10° 2.03£0.13° 0.78+0.05" 1.43+0.09" 0.72£0.05° 0.64+0.04" 0.99+0.06" 0.73+0.05* 0.77+0.05" 0.02+0.00°' 0.06:0.00° 0.61£0.04" 3.24+0.20* 1.04+0.07" 0.98+0.06" 0.46+0.01° 16.06:0.99*

IS 1.38+0.07° 1.7420.09° 0.77+0.04* 0.8120.04° 0.84+0.04" 0.67+0.03" 0.74+0.04° 0.76+0.04" 0.8120.04" 0.08+0.00° 0.06+0.00° 0.65+0.03" 2.91x0.14* 1.01+0.05" 0.910.05" 0.44+0.01" 14.56:0.70"
HB  1.66+0.08" 2.24+0.10° 0.78+0.04* 1.52+0.07* 0.74+0.03° 0.63+0.03* 0.95+0.04" 0.75+0.04" 0.78+0.03" 0.04+0.00 0.03+0.00* 0.62+0.03* 3.37+0.16" 1.21+0.06" 0.85+0.04" 0.44+0.01" 16.61+0.76"

SC  1.19£0.06° 1.47+0.07 0.51+0.03 1.00£0.05° 0.51£0.03 0.39£0.02¢" 0.50+0.03¢' 0.48+0.02¢ 0.4940.02° 0.01£0.00¢ 0.01:£0.00" 0.38+0.02¢" 2.38+0.12" 0.67+0.03° 0.52+0.03" 0.29+0.01¢ 10.80+0.53

YN 1.02+0.06° 1.21£0.07" 0.47£0.03" 0.52+0.03% 0.47+0.03° 0.34x0.02" 0.46+0.03" 0.48+0.03¢ 0.46+0.03° 0.03+0.00° 0.05£0.00° 0.35+0.02" 2.99+0.18°* 0.86+0.05 0.53+0.03" 0.28+0.01¢ 10.53+0.63"
BI  1.04+0.05° 1.58+0.08 0.52+0.03" 1.34£0.07° 0.51£0.03% 0.42+0.02% 0.47+0.02" 0.47+0.02" 0.520.03% 0.06+0.00° 0.02+0.00° 0.42+0.02% 2.73+0.13° 0.940.05" 0.57+0.03°" 0.30+0.01" 11.92+0.58%

GS  1.07£0.06% 1.58+0.09* 0.56+0.03% 0.9120.05% 0.57:£0.03* 0.44+0.03** 0.51£0.03" 0.53+0.03" 0.55+0.03* 0.04+0.00° 0.02£0.00° 0.44+0.03% 3.31£0.20™ 1.01£0.06" 0.57£0.03" 0.30+0.01" 12.43+0.73*

SX  1.17£0.08% 1.30+0.08 0.65+0.04™ 0.55£0.04* 0.71+0.05" 0.56£0.04° 0.63+0.04° 0.66+0.04° 0.70£0.05" 0.11£0.01* 0.02+0.00° 0.60+0.04" 4.26+0.28" 1.25+0.08" 0.61+0.04* 0.38+0.01° 14.17+0.90"

THME 1254021 1.61£030 0.63+0.11 0.96+0.33 0.63+0.12 0.51+0.11 0.64+0.18 0.60£0.11 0.63+0.12 0.05+0.03 0.04+0.02 0.51+0.10 3.13£0.49 0.96+0.18 0.69+0.16 0.36+0.07 13.19+2.03

TE: [AB TR AR IR 22 5 825 (P<0.05) 5 ** Wb T AR AR YT B AERR; * M AE AL IR
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Table 3 Flavor-active amino acid content of walnut male
flowers in different regions

FHR (%)

WX mpnka ERE BURE SEEE WESEC .,

R OERR KB KR gm0t
AH 326 358 463 0.40 7.17 19.03
GZ 3.41 3.66 5.48 0.38 7.96 20.89
SD 3.68 420 5.29 0.46 8.03 21.67
HN 460  4.95 6.15 0.52 9.66 25.88
IS 407 484 5.30 0.50 8.33 23.03
HB 4.80 5.12 6.39 0.48 10.10 26.88
sC 321 3.09 430 031 6.61 17.52
YN 279 3.1 4.40 0.34 6.69 17.32
BJ 3.23 3.37 5.12 0.33 7.79 19.83
GS 326 3.66 531 0.323 8.04 20.60
SX 312 450 6.28 0.41 8.78 23.09
TFHE 358 4.01 533 0.40 8.10 21.43

0.52%, “F-¥IEN 0.40%, Hodr HN J& 557 F ik & ILR
e LI, S EIREIT 0.52%, 2 5 &SR B
Y 3.21%, FE 11 HBIX H, HB 2 PFhRE IR | fif
RS | IR S LR AN 7 5 25 (0 S R & i
LI, I B 5 & i e St Ab T H = KO, 1A
s DX AAZ BRI S IR, o AT

B ISEILTR IT HAT AN [R] ) 2 R AR 5
FEAE B OCHR, i3 B L0 2 LM T 2 1 XK DTk oA
Wi 2, DRI, TR AR A 2 LR B T TAVY,
HAFRRI, XFE S SRR DT, ILZ Ik, ik 4
nJ %, Asp. Glu, Lys. His, Arg. Val fll Leu ) TAV
(B R T 1, X 45 Hb DX AZ BR e AL 725 R B BT Mk 8 K5
Cys BE7E SC 19 TAV {H/NF 1 4h, FEH 4345 Hh X
TAV H¥J KT 1; AlafL7E GZ. SD. HN. JS. HB
M SX 1 TAVAH KT 1, AEFH A HL X TAV {EH/NT
1 Ho &SRR MY TAV BEY/INT 1, X455 Hb XA A
WG IR FE L/ . FEITA LR, Glu ) TAV
(B, SFHME AT I 5.42, Ui HC A e B L E )
JBT, X HRUMEA 58 H Tamik.

LEG A AT I, AS [R] i X AZ AR ME L Y XU 22 3%
P 2 ik FH v BRI R - $E 755 34 (U B BRI > P IR 2

FEPR>FH R 2 B i > i R 2 FLP >0 I e ad FL e . AE
11 AH X A, HB 19 XU 203618 B & F e e, HLik
SABEIR | EURGIENR . SRR AN 7 5 35 (a2t
MR o Bt i s o FETA AR T, Glu XAk HEE
AR DTk R, L TAV (HAE 4.09~7.54 ZJi], P-4
B8 5.42, J& TR EAILIR, n] DLIA RS IZ P HELE
PR EERAREE o
2.3 PNEMXEHETEFRIN S EABAER R &8

TIEIR AN B NARIEASY) ST BB 55, bR T 1E
SR AR WEAEASN, AT AARLRE RNy Tt
FREPUEE AR REVER . X AR 28 9 RRR T
YY) FE R A0 FE 7 8% 24 FE R (Branched chain amino
acids, BCAA) . & IGEEIEMR (Aromatic amino acids,
AAA) . 253 (Medicinal amino acids, MAA) .
Pi I 28 2L 82 ( Antibacterial amino acids, ABAA) . 1H
iz 3 48 FE %R (Primary amine amino acids, PAAA) Fll
JL#E 35 94 LR ( Essential amino acids in children,
CE)&P,

th 2 5 ], AS[A] 3 X A MAA P32 i B
=, Al Gk 9.79%, Horhh MAA & & % 9 J2 HB
(11.88%), F AR MY & SC(7.71%) . A W7 FHIB,
MAA 1] UHFPAREWE W E A Bk 7, WoRms e
FRIIEAN ST, FEEL AT LA, 65 Bhvayr 5ok
SRR, R, AABRHELE TR MAA S HIT & 45
PR A2 IR T —E k. LR,
PAAA. BCAA W& ALK T MAA, 735k
T 7.09%. 4.31%, H:"4" HB ) PAAA & fed, N
9.54%, SX [ BCAA &imfic i, N 5.61%. AAA Y
SRS 0.36%, Hoh HN 1 AAA & B,
0.46%. AAA.PAAA Fll BCAA TEHERE . s Uit
T DGR | O A R TS B 3R 0 vl 2 O g
PERIVERPS, CE X LEMARK LR EFILHES, EfS
e HAN S REMPURN EEFPY, CE I F¥& &
A 1.94%, Horp HB 19 CE & B e i, N 2.76%, 2
7~ HB Hu X AZBREEAETT DA LM E . —
SEME DT ZEIERR ABAA BEASIN IS E )8
IR, ANEIHB X, ABAA IAEH &5 0.64%,

K4 AFHIX LSRR TAV

Table4 TAV of amino acids in male flowers of walnuts in different regions

) SR IERR FITWR AL IR R IR IR EIER
i Asp Glu Lys Ser Gly Pro Ala His Thr Met Arg Val Leu Tle Cys Tyr
AH 1.14 480 1.36 040 044 019 0.89 422 0.18 0.08 1.39 1.44 1.51 0.52 3.37 0.17
GZ 1.19 524 1.30 0.41 048  0.20 1.00  3.66 0.19 0.21 1.97 1.48 1.77  0.54 3.37 0.17
SD 1.38 5.30 1.42 0.46 0.54 0.21 1.06 4.90 0.21 0.20 1.76 1.64 1.66 0.61 3.29 0.21
HN 1.55 6.84 1.99 053 056 033 1.23 524 025 0.08 290 1.95 .72 0.69 2.80 0.24
JS 1.39 5.86 1.84 0.52 0.65 0.25 1.27 5.10 0.26 0.27 1.63 2.04 1.55 0.72 291 0.23
HB 1.68  7.54 1.72 0.53 057 032 126 612 024 0.15 3.06 1.98 1.79  0.69 1.65 0.23
SC 1.20 495 1.05 034 039 017 080 340 0.15 0.04  2.01 1.24 1.27 042 0.74 0.15
YN .03 4.09 1.07 032 037 0.15 0.81 433 013 0.10 1.06 1.17 1.59 040 2.54 0.15
BJ 1.05 5.33 1.16 035 040 016 079 475 0.16 020 271 1.30 1.45 047 1.18 0.16
GS 1.08 533 1.15 038 044 017 090 5.11 0.17 0.15 1.83 1.40 1.76 ~ 0.50 1.05 0.16
SX 1.18  4.38 1.23 0.44  0.55 0.21 .10 632 022 0.38 1.11 1.76 226  0.67 1.21 0.20
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Table 5 Amino acid content with special efficacy in walnut
male flowers across different regions

HIR = (%)
HbIX

BCAA AAA MAA ABAA PAAA CE &&&E

AH 391 033 873 0.8 620 1.54 2128
GZ 443 031 958 063 685 172 2352
SD 435 040 1002  0.70 724 186 2457
HN 468 046 1161 073 924 250 2922
IS 441 044 1082 085 8.09 1.83 2644
HB 481 044 1188 0.74 954 276  30.18
SC 328 029 771 0.51 624 169 19.72
YN 3.84 029 792 048 522 139  19.13
BJ 371 030 892 051 657 230 2231
GS 436 031 936 058 638 194 2293
SX 561 039 1117 072 6.40 1.82  26.11
TFEME 431 036 979 0.64 7.09 194 2413

1: BCAASCHEZ LR Leu, Tle, Val; AAAFS B R SLMR: Phe., Tyr, Trp;
MAAZY LR Trp. Phe. Lys. Leu, Ile. Val, Thr, Met, Tyr, Cys.
His. Arg. Gly. Gln. Ala. Ser; ABAAJi# & 3/ : Phe. Trp. Gly;
PAAATAREFEZEERR: Asp. Glu, Pro. Gly, Ala, Lys, Arg; CEJLELTF%
M2 His, Arg.

Hrr JS 1 ABAA & iEfEr, S 0.85%, Ui I itkb X
AZARHEAEAE AN TR T B — W T . Rk s 5t
PR o e i e Y L X HB, S RO X 2 YN, 138
BH HB mAZBREE S S50% BT SRR DAL, STk
PEE SRR AN R R T AT fE.

ZEE ST, HB 1Y MAA . PAAA . CE &
A RSOV, HIARRR D e R R i) B & Bl
A E v, 1X AR B b X AR REAE HL A B R e
WA, I BAE LB B Sk rh B — &
A&

24 AEHXZETEHNRERR 2 SHEX ST

ot A [ s X AZ A EAE 16 FhE BLlR & B #4740
KMo HT, G5 UNER 6 iom. Tyr & &5 Asp. Ser.
Gly. Thr. Pro. Ala. Val, Ile. Lys &t i 3406

(P<0.01), 5 Glu. His & & & 3 #H 3¢ ( P<0.05) .
Tyr J&—FhEE B0 05 T F R, TE &S . N5
AU ZH AR T Y4 R4 E SRR, LS A,
FAREIR Z A A4 e BE R AR DGV, AR B T A=) &R 5E
AR, i — PRI N R A 5 19 431
L A R 38 35 1 TR 16 )7 3 B e 2R 7E .
Lys &% &5 Asp. Glu, Ser. Gly. Thr, Pro, Ala, Val,
Tle & M i3 AH X (P<0.01), 5 HAM SRR & &
To W FEAAI TR . Lys M —Fhbis 6 mR, 5 HAD
FARR AP R T AR IRAERe e A QI . St 4E
REANDRe VA L m B A, ST R AR A T TR AR
PPN RIS F5 T AR A 22 Lo Met., Cys i
147 5 HAth S R 5 TG sl S AH O, DR AT T A A
LA ST, AT RE AR TR AR FEET SR o His & ik
{¢5 Gly. Thr. Ala. Val. Ile. Leu && B EFHFHE(P<
0.05), Ile ¥ Asp. Ser. Gly, Thr. Pro. Ala, Val
R WA 26 (P<0.01), 5 Glu & & 2 F A e
(P<0.05), Asp &5 Glu. Ser. Gly. Thr, Pro. Ala.
Val & M 8 35 A 56 (P<0.01) . Ser & Bt 5 Gly.
Thr. Pro. Ala. Val & &EH 2 ¥ FH5(P<0.01), Gly
5 Thr. Pro. Ala. Val & & #% i 3 AH 3¢ (P<
0.01), Glu FH#5 Arg M FFHX(P<0.01), 5 Thr,
Ala, Val & BEHE(P<0.05), 5 Gly & BB 3&
MR, Leu A5 His & & I 3 A C (P<
0.05), 5 H A S IERR & A G A i 2 . Hofth 2 ik
Wi ] ¥5) Ry b $nd 25 AH 5 (P<0.01)

LRGP MT UL, 25 PP 2 LR 2 IR I A7 FEAS [ 72
B AR S, S8 R IR = (8] AT 45 e B A s R, i
TSR A I A ST e, ASTRIAH S ) S LT A
TEARIE B ESIGD, s o e —Fh e ke ts
PRV AZBRELE AT 25 AW, 7T LA PCA
XS HIATER ST

F 6 IR IXAZMMEL LR AR S E ST

Table 6 Correlation analysis of amino acid contents in male flowers of walnuts from different regions
AHR Asp Glu Ser Arg Gly Thr Pro Ala Val Met Cys Ile Leu His Lys Tyr
Asp 1
Glu 0.88"™ 1
Ser 0.90™  0.78™ 1
Arg 060 0867 042 1
Gly 076" 058 094" 0.7 1
Thr 0.84” 070" 0.98" 034 098" 1
Pro 095" 0877 0927 0560 0767 0.87" 1
Ala 0877 0717 098" 032 096" 098" 0907 1
Val 0.84" 071" 098" 034 0977 1.007 0.88" 099" 1
Met -0.12  -0.06 -0.05 0.01 -0.02 -0.08 -0.09 -0.02 —0.10 1
Cys 020 004 034 -0.19 031 027 021 030 025 038 1
Ile 0.78"  0.63" 096" 027 0977 0997 0837 0977 0997 -0.08 024 1
Leu 016 002 036 —0.18 045 040 031 046 043 014 -0.05 053 1
His 0.47 0.41 0.60 0.17 0.62° 0.64" 056 0.64° 068 —042 -022 072" 0.72° 1
Lys 085" 079" 094" 048 083" 091" 0917 090" 090" -009 043 085" 014 044 1
Tyr 089" 073" 097" 039 092" 0977 092" 096" 0977 -022 028 0957 035 066 093" 1

T #*7E0.01KF- CRUR ), H W E A *7E0.057KF CWUR), K.
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2.5 AEMXZHkERRN RERRNER S 5

oA ] B X AZ AR HELE 09 28 500 & B T LSy
ST AEBR, AN H X AAZ AR A E 2 LR 43 A P EAS
[ A X sk, A&l 1 s . SX A SD v T45 — % R,
YN. GS fl GZ /3 F&5 — %, AH. BJ il SC i, F
2 =401, HN 1 HB A2 T 45 DU BR, TS 37 45 5l
B IS i FRERN_E, AH BEESRERhESUT, BAAH R
2% PC1 32W; GZ. SD BE SR g\ iih ) tb B8, Ut
HHH.3Z PC1 1l PC2 M2 ER b3 K. {HJ& SX it
B At b X, DEHH 31 X A AR IE A6 S S 1A 2H B AN
TrE S HAMX M ZEFR R, B SX HIX, HFHA
AR AE IR R I, FK E R 7D, DA S — b dh 3
AT 2P, SO X AL TSR &
i AH A T Al b X383 R I AH L =Z R, SD. IS,
HN. HB 3 X (S S48 AR L, BE7K Rl 1)
FOAEIE B, R bk e [ A4 S FE R 7 ok 450 1,
H 25 RERR o s s FAthh X A 2 Rl & = R U
H BEIZE /K a 0% 31

— N
QQ
= 3
o O
e £
T o
W N

PC2 (24.7%)
b L s

-3
s 4 3 2-10 1 2 3 4
PC1 (61.5%)

Bl 1 R IEER) PCA 15353 14]
Fig.1 PCA score plot of walnut male flowers across different
regions

2.6 A EHXEHELSERRLGRE TN
X AN [F) s X AZ W AL Z IR A T 25 5 PEAST, 45
Hansk 7 5k 8 s,
KT HITEDIER
Table 7 Results of total variance analysis

PC  WHRHFFAEE 52250 (%) RiJ7 25T (%)

1 0.35 52.82 52.82
2 0.24 36.12 88.94
3 0.05 7.57 96.51

# 8 AR AL 33 FILE 5550
Table 8 Component scores and comprehensive scores of male
flowers of walnuts in different regions

Fis Y, Y, Y, Y HEry
HB 5.27 —0.24 -0.52 2.75 1
HN 5.05 -0.26 -0.39 2.63 2
IS 4.46 -0.52 0.11 2.25 3
SD 431 -0.76 -0.24 2.06 4
Gz 424 ~0.90 -0.53 1.94 5
BJ 3.89 -0.36 -0.78 1.93 6
GS 4.18 ~0.99 -0.61 1.87 7
SX 4.79 -1.94 -0.43 1.86 8
sC 3.50 -0.27 -0.42 1.78 9
AH 3.81 -0.77 -0.22 1.78 10
YN 3.57 -1.11 -0.37 1.51 11

B2 7 T4, BT 3 D PC Eit 7y 2Z 5Tl Rk 3|
T 96.51%, KIILAEFHET 3 4> PC 3 X AS [7) 1 X AZ Bk
HEAE I TEE B PR 2T 719, HAA —E mml {5 R0,
L 16 /K i Z LR Fe b Wl s A A8 i, &3k PCA
A5 3 4 PC TR AR ek XN F:

Y ,=0.172X,+0.157X,+0.187X5+0.172X,+0.273 X+
0.162X+0.094X,+0.295X ;+0.164X,+0.249X |+
0.204X,,+0.392X ,+0.276X 5+0.571X,,+0.019X s+
0.003X

Y,=0.021X,+0.029X;+0.052X,+0.130X+0.031 X -+
0.029X,+0.185X4+0.002X,—0.107X,,+0.128X, ,+
0.385X,,+0.510X,,—0.712X,,—0.035X,5+0.002X

Y;=0.204X,+0.176X,+0.226X,+0.195X 4+
0.158X+0.208X(+0.127X,+0.235X+0.262X,—
0.032X,,+0.308X,,—0.077X,,—0.661X ;—0.321X ,+
0.308X,5+0.050X

LA 3 A PC X0 B 7 22X BTk AN TR, H 4%
AH X B PC A543 FIAR R BUA B 21 T AR Fn
ST LR G VP R SR Y=0.547Y,+0.374Y,+0.078Y,
TN HL X AR AL L3 B PSSy, DA IR HAL
FLRLE A T BT, LR B A55HRE, ULHH b XA B E
S EIR I S TR A2, SRR 8 iR, LA
53R 4 M HL X 535128 HB. HN. JS F1 SD, iiHH X
4 A HB X AR AR ) 2 SRR L A i T ST
2.7 FRIBXZHEERERAR XD

Xof AN ] s, DR AZ R i A v 1) B B R R A T SR 245
M, G5 RNE 2 s Ira HLIX AT ISy 3 28 4
—Z&H SX, SX 7 PCA it 5 Hofth Hb X, 15687 SX
A b X A AZ A AL S SRR A B D B 25 S PR AR
O #5725y HNL HB. SD A1 IS, 13X 26l X Az pk
T EIE TR L5 G5 T te 3 ds; 5 =25k BJ. SC.
YN. AH. GS Fll GZ, ix8bdh [X iz A8 o i 245 A
SAEER S EARUT, HAMIK T HAth X 19 24 FH 3508 &
i, T HABM T IR s G B e . SRSSE HVRTHT
B PCA 2552, K, dbsrMredh R nT MAZ KL
PR AR b X HE T O TR DA R 2 JEmR T SR BT
MLt R 2%,

12 = Group 1
10 = Group 2
= Group 3
8
6
4
2

‘ v = » N
FEE5%85225 0

PN IR 2V AR =S |
Fig.2 Clustering analysis diagram of male flowers of walnut
in different regions
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TR P AHZ (WHO) A& EARACLHLUFAO) XF A
FEPAR B I BT T TAETT, IR TR &
LTS Z IR CE P, e AR, R IR
(essential amino acids, EAA) /5 81 Z3LFR (total amino
acid, TAA) B LLIE (EAA/TAA) R 40%, Wity 24 3L PR
AR AT LR (non essential amino acid, NEAA )Y
HAH (EAA/NEAA) A 60%, £ vh 2 36152 14 4 0 b
151788422 5t FAO/WHO 12 R s =0k, HodlE 1 o
T B IR (S, BRAETH B A RAYFE R,

EAA MZHRAN S 528 SR E SR E R UIAH
%, EAA &EGS, AUFR IR 1 S IR M E R = BT,
W 9 Fros, 78 11 A HuIX v, 7 F EAA Fh 2855 42,
Horpr Leu &t ®1, Met & SR, 52 MEEERY 1y
25 R —F, YA Leu 7€ EAA "R CEHMEIVE o
MR 9 AT, EAA & H s 19 X 2 SX, Hi 2
HN. HB. JS fl SD, EAA & ERAKAYHLIX Ay SC; JT
B Hb X AZBOHELE T B ELR IR E T FAO/WHO #R
HEAEL, UEBH IS el XAZ AL T AU LR 1) 5 554
BEEIAAR, B B I 2R HNE.

£ 9  REIHX B FEAE AN FE R 1 TR E AT
Table 9 Nutritional evaluation of essential amino acids in male
flowers of walnut from different regions

X  TAA EAA NEAA EAA/TAA(%) EAA/NEAA(%)
AH 11.87 540 492 45.54 109.74
GZ 1293 595 5.27 45.99 112.89
SD 13.64 6.08 5.70 44.57 106.59
HN 1622 6.80 6.92 41.94 98.29
IS 1471 653 6.34 44.42 103.04
HB 1678 6.80 7.23 40.50 94.02
SC 1091 451 472 4132 95.59
YN 1063 504 420 47.39 119.96
BJ 1204 507 @ 467 42.10 108.57
GS 1256 5.73 4.90 45.58 116.93
SX 1431 730 5.20 50.99 140.44

3 Zhip

ARBFFEET R 11 A [F) Hi X AZBEIELE v i) 2 ik
PR AR, S SRR L Bk s At T e
Sy, SRR AR R XA kAR TP S A 16 B
AR, TAA & H#TE 10.53%~16.61%, H P35
e SRR R Leu, TAA 25 i o 19 Hb X 9]
ALK o 11 A3l XA AR A6 oo 2 S 1R 1A 2l — 3K,
{ER A I S o Ho 35 22 F P (P<0.05) o A% Hk
AL H S R S PR AR IR i Hh v BRI
HE O | PRI | RSN | R sk
P FI1% B e A i, L rymT bt X 4 AU 3P 15
e, AR . 3 — 20 A s BRI 1Y
TAV {HE B, 7EFTA EIEMH, Glu B9 TAV {HiE K,
SEIME AT IR 5.42, JFAZHEELE B35 R TRk B k. AE
FRRDIRCE LR P, T b AL 025 FH R R
B, UL I X AZ MR A E EAT B R pvEeE 2
B PCA FIRIHTEEIRFM, 3 4~ PC Ril 2
TIHRRIEZFN T 96.51%, 11 P HBIXAZBRHELE AT LIS~

3 28, HHATLEG VI nIAS, AR HELL b TR A i Ml X
MU AT LXK | AT R A DX VLT3l DA LA X
AT I LAJS B HEAE B AP A iU 3 128 i
Ve, A Bl TR AR R R 25 854l 251 1 B ik —
AN AR, XSS BA —EBE 8 S

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
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