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Evaluation on Amino Acid Composition and Nutritional Value
from Different Walnut Varieties
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Abstract: In this study, nine varieties of walnut nuts were used as test materials to determine the amino acid composition
and content, calculate their nutritional value scores, and conduct principal component analysis and cluster analysis to
comprehensively evaluate the nutritional value of amino acids from multiple perspectives. The results showed that 17 kinds
of amino acids were detected in different varieties of walnuts, with a total amount of 15.33~20.45 g/100 g. Flavor amino
acids and medicinal amino acids accounted for 55.25%~58.04% and 63.56%~70.16% of the total amino acids, respectively.
Various methods including amino acid scoring, chemical scoring and amino acid ratio coefficient all determined that lysine
was the first limiting amino acid. The comprehensive performance and high scores of QK, XL3, XL, LG, and QX varieties
were demonstrated by principal component analysis based on amino acid composition and content. Higher essential amino
acid index and biological value, rich flavor and functional amino acid contents, and relatively good quality were observed in
walnut varieties QK, QX, XL, XL3, and LG through cluster analysis based on nutritional evaluation. Comprehensive
analysis showed that QK, XL and XL3 were excellent varieties with high nutritional value of amino acids and were suitable

for promotion of planting and processing utilization.
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¥Rk (Juglans regia L.) &t F U AR 2 —M,
ARk AR T S AR, AR X )2, FEFR [ AR K
F il M FeB My, LA =RE | Fri e AR IR H IR X,
B PG S5 s AR WU, AR E SRR . AR T . B
Wi Z Wy, BSEE. O BOCERSFERSTT, ERFEE. A
W OV UESE, M A PrE IR R i 4erE, RT LA
AT AR 57 SR BIMEIN 25 A E A, I REE IRy
RN FCI B PRI |« O I L7 5505 . R D7 T35 9
SO HA A B A E AN BT AR

AZ AR TR T AR AS PR b 22—, A
TR 65%~70%, A “B LR 1%, Z HFHEH
B 15%~20%, {R TG . B RTXEAS [R5
Feb % SR 5 T2 B4 T o IR SR SRR DAY . 7l
i AR WITRLH 5353 BT . AZ kI & BT 8 S AZ Ak R
s TRV H . TR, Wen 551 fF 5%
FEEARZARER Y 2 MRS TE UE . UE L. 2#
UEAIPUESE, 10T N H FohRet: & el ig b 75w
MWIT % . RS WEIE 2B 6 > Hb X ) 4l 75
¥ Bk (Juglans sigillata Dode) " XH G 7 & &= 1
66.30%, FE &= 0 13.93%,, EaRREEN L)
Wb 9 MRk (Juglans regia L.) 4P kA,
o L SR 5 BT 2% BH AN [W) A2 Bk R R0 A v BE A
2 61.13%~65.61%, FEATFEN 14.46%~18.35%,
4z HH AN BK A U B RE o AR ERY 2 =L ARk
(Carya illinoinensis (Wangenh.) K. Koch) i FtiE47
BB IR ST AT 5P, 9 AR EE R S B
£ 4.37~7.96 g/100 g Z[8], F-H4{H 5.88 g/100 g; #i
AE W5 & HETE 53.21%~74.91% Z (8], “SFH{H 65.9%.
FH U AT UL, AR S35 SR O BTS2 AZ AR L R L ST b SR
. A RIS AR S AR Z F R 2 A2, AR
Fhialw oo . BB . BEA S B AEE R,
AR B T o TR ARk i B B S e R, SR Ak i
FhEEE T IAHE W E SRR, 2R Y
FEA PR, HAH A B PP Rk S T B SR
MIEZIEIR. (HE S ERNINE TARIAZAL SR
A FERH W PCE TRV SIS IR AR 3 0

ASHIFFE I BUPE D LA MR AR 5T 9 U 78]
i 9 A AZAR SR IR S AR, S5 S R AR
TR FL A SR 4 A A B s i B 2 3R 4
ARGy | TSR FEIRTE L. &% ELE R B4
X EA BRI E IR E AT 2 A8 BETFI; R F 085555
BT SRS HT AT IR X AN [F) i Bl A2 A I IR Sl L R
JHTER G PP . TRSE S AL S A IR S Ak i T
PRI M S AR RS AR, AR s R
O N T B R SR
1 MRlEREE
1.1 #MRI5SEE

AR 9, 43l FmFEFH(XL) . PER 35
(XL3). “HHk 5 5°(ZL) . 49 (VN) . &6 (LG) .
PHIK 2 57(XL2) ., TEF(QX) ., “Fi(QK) | ‘1Lt

4 5> (LH4), ¥R Bevi 8 #Zpkas A= X 3248 i, Horr,
VN. QK N3 E 5| #E &, QX i H A5G| UE 5 Fh,
Hoe 6 A Eh P E P # U R AR, 2023 459 H
5 HAZMEIR S AE PE LA AR AP o B8 5
[ RAE, B3 R R A/ NEEAS— 3. JCHH b s 3
FISRSE 30 4>, AT EFIRER 45 «C T4 H.

L-8900 4= H & ILM 3T H LRI AUES
(AEED) A BRAF; CY-SXT-06D 2R [GHEHLAS B
JI—S2B A #8A BR 2N 75 JT-DCY-12SL AW Y Z&
T (oD AR 7] DHG-9248A MUAE ik
TR A BRAF]
1.2 SEWHE
1.2.1 FEETIAREE BTSSR, AT 58 m155)
WM —r2 R S e A pedR e, fi
FHZSEBRZR GIREER, DA s (i FE 60~90 °C) Ry
B, 7F 80 °C /K T HEHUZAEIH 5~6 ho FRRHEHR
ZERUT BEACE, FER RIS RIS TE 45 °C g
BT, BRACEL TR ORRRA T, F T2 5 & 5 .
1.2.2 ZFEmEENME S0 GB/T 5009.124-2016
CE A E AR ME 25 P 2SR il e Y7, SR H
SR A BTG TS R R iR 3 IREE
2, BRI EE .

HERAFREBUZA ~BEF 200 mg, /N IIMATK A,
R P IRHEEE; DA 1:1 FREE(AR) W 10 mL, &K
ACASINFAIR 15 min 537 BsE, B4 T 110 C
IKS# 24 h; FERERBUGD RN B E= 0, S K RIE
AL R 50 mL Z5 i, FH 258 TR Ve oK i
FIUEREAS 3 IR, VR IE B 25 I a2 2% WU
FIGHIEESS 2 mL, BT 70 °C /KIS b TRRBERR; i
BRI BORE S, A 2 mL FESLAG B vhik, BIR%IR
G FIRGHS), i 0.22 um BB FALHT.
1.2.3 EFRMETFN SR 1973 4R T AH A
(WHO) FIBA EARALHLU(FAO)ETT AR R FH it
N S FERRAR N, $e i B A 25 B AN H]
AR AR IR T R B PER TG P TAVEY &3R5
AAS. t2EPFS)r CS| MR A SLRIEE EAAIP' ™ A
Yt BV, & IR EL{E R B RCPY ., & FEM8 ELIE R %K
P53 SRCPY,

TAV = C/X
AAS(%) = Ae/As x 100

CS(%) = Ae/Aix 100

x 100

EAAL— {/Ael'er_mexzixen
Ail X Ai2 X --- Ain

BV =1.09xEAAI—11.7
RC=T/Tx

SRC = 100 — 100 x (RCHx#fE 2 /RCHIHE)
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18 W H ; Ae—AF i P AT S L 1R & 55 As—WHO/
FAO PEI R TR &R IR & 2 A—SEHE AR
TCEHARAR X H A IS E LR B i n— T B IEIR B
T—HFE i I — A FF IR 5 WHO/FAO PEA L
TR AT 2 R B i ) LU A Tx—FF &6 T T 075 24
TP A R o B EABEL A P (E
1.3 B

>R JH Excel 2016 #E47T 2 FEAR & B B8 2 =R
FH SPSS 23.0 #4122 FM o A AN E s34, Wk
FHYEST PRI ZR ANOVA 4375k, P<0.05 3
INZESFE 3 SR Origin 2024 34364725550
2 ZERE5Hh
2.1 A E@mMzik R EERA R 24T

X 9 A dh PP AZ Ak S IR 40 A A = A T I R,
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Fig.1 Amino acid composition and content of different
walnut varieties

HIE 1 ATE 0, 9 DBk A 25 A 17 Fhad
FR, LFEHIER (Lys) . RPN 2R (Phe) . FH 2%
(Met) . HEPR(Thr) . FA2& L (Te) . 7&K (Leu) .
2RISR (Cys) « FEEIR (Tyr) FISHZE L (Val) 55 9 Fi
hTFE IR, H 2% (His) FIE &% (Arg) 2 Pl b7
G L R R R (Asp) « 228 M2 (Ser) . SRR
(Glu) . ifiZd#iR (Pro) . HZMR (Gly) FIPN 2R (Ala) 55
6 FhAE LT 2 FEAR, X 5 WE7T LU AZ RS Fprsm By A%
RO I rE 25 R — 3. AR SR Y 2 B R 2H 431
LI Glu &HE5E, i 2.93~3.72 g/100 g, ‘F15 3.41 g/
100 g, & HEER B 18.88%; HIYE Arg Fil Asp,

SEI SRS 2.63 g/100 g F1 1.84 g/100 g5 Fi4y
HAT S RIIIET 2 @/100 go JEILTEERE) Xh s B Az ok
A3 IR SR S IR AN HRIIAS:, 12 FhoRrsm Az kil a3k
FRZH 53, Glu Y& Bofe s, P& 528 42.91 mg/g,
HAMITE ) Glu S EREIR; S EIRZIA Gly fl
Tyr, 53514 23.47 Fl1 16.62 mg/g. ABFIEH &4
TRNEE =AY Arg 1 Asp, 7E 12 FREFAZAE R A1
EEAHK 9.17 F13.27 mg/g.

2 1 nIEH, 9 MERLRF T, EIR S E(TAA)
>k 15.33~20.45 g/100 g, BEAIK B A= < A% i Bk 27
(26.78 g/100 g), fH & T A= [F] 13 % 5k i oo AZ Bk Y
(12.61 g/100 g~13.60 g/100 g), TAA L) QK &
i, ZL SRR, AU QK 1Y 3/4. 45 SR Ty e ik
R (EAA) &M 4.68 g/100 g~6.96 g/100 g, 20
I (HEAA) &1l 2.61~3.44 g/100 g, PHH 1)K
ZL SR RAG, EAA F1 HEAA &R sy 3liE QK
XL, "HEFES S ZL B9 1.49 F1 1.32 1%, AR5
ZFEAR (NEAA) & 2= 7E 8.04 g/100 g~10.17 g/100 g
Z A AR fh, 25 S AR S AR IR R s XL3>XL>QK>LG>
LH4>XL2>QX>VN>ZL .
2.2 FE@EMZkERIEERER D

RUASZFE FHFEA S B3 N a8 B (R
Y PRBE IRV S E A ) 7 AR SRS AR BN P
SRR — TR A OB TS A
ST AR RGEEI R BT . AEAARR S T, R YRR
SATETR AT AN R R R P AZ A 3R AL T e ik
B2, 2OREILIR T TR BRrk . T, Tk
TR R SEAN[A] 1Rk, H AR B R (3L 1R (SWAA) =2
45 Thr. Ser. Gly. Ala Fll Pro; 8 R Z FE iR (FAA)
FFEN Asp 1 Glu; v & 2 LR (BSAA) 27 Lys.
His 1 Arg; ¥ R R (BAA) 241 E Met, Ile.
Leu. Tyr. Phe Fll Val; J&R 2 FE R (SAAA) T 3= 2
SR CysPO, AT Y S R 2 FR R EBLAT AN [W] 8% DR A
M SRR BT A SRR ARG A . BERIE TR
{8 TAV SE0EMRY) 0T & b5 HE R BB A LU AR, TR
7N SR ELRE) BON B SRR P DTRR RS, TAV>1 B,
RPN A Tk, TAV<1 B, E R REF A
B3, STRRES /N3, X 9 ARk SRR AR H Ay 5L
BR SIS & E I T E 53T, S5 R UL 2,

R 2 AT, AN [R] SR AZ R i SR R R

F 1 ANFESFZHEIER & & (/100 g)

Table 1 Amino acid content of different walnut varieties (g/100 g)

B XL XL3 ZL VN LG XL2 QX QK LH4
TAA 19.55+0.55°  19.56£0.65"  15.33£0.39°  16.37£0.06° 19.22+0.25"  17.29£0.04° 17.87+0.16° 20.45+0.19"  17.77+0.50°
EAA 5.99+0.11°  6.03£0.12°  4.68£0.05"  4.95+£0.07¢  5.83+0.06°  5.31£0.08"  6.22+0.10°  6.96+0.11°  5.46+0.11°

HEAA 3.44+0.11°  3.36£0.12°  2.61£0.07°  2.77+0.06°  3.32+£0.02°  2.91+0.07*  2.84£0.05% = 3.42+0.06°  3.04+0.10°

NEAA 10.11£0.56"  10.17+0.42°  8.04£0.29°  8.65+0.18°  10.07+0.23*  9.06+0.02%  8.81+0.12"  10.07+0.16"  9.27+0.31°

EAA/TAA(%) 30.64 30.83 30.53 30.23 30.33 30.71 34.81 34.03 30.73
EAA/NEAA(%) 59.25 59.29 58.21 57.23 57.89 58.61 70.60 69.12 58.90

H: TAAFR R ZIEMR S i EAAFR Wil BIEIR; HEAA RN Y Wbl B IR ; NEAA TR R AR BIERR; AT AN Rl /NG S 3R7R 25 53 1. 38 (P<0.05) .
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Table 2 Content of flavored amino acid components in different walnut varieties (g/100 g)
RREHR XL XL3 ZL VN LG XL2 QX QK LH4

Thr  0.69+0.03°  0.72£0.03°  0.53+£0.03"  0.58+0.03  0.67£0.03°*  0.60+0.03*"  1.56+0.07° 1.69£0.12°  0.65+0.04°

Ser 0.96£0.04*  0.97+0.02°  0.75£0.03%  0.79+0.02°¢  0.93+0.04"  0.86+0.03"  0.83%0.02*  0.95+0.04°  0.86+0.04"

Gly  0.94£0.04™  1.00+0.04" 0.83x0.06*  0.81x0.06°  1.0120.01°  0.89+0.06™  0.86+0.04™  0.94£0.04™  0.940.02"

SWAA Ala  0.89+0.02°  0.91£0.01°  0.71+0.03°  0.74£0.01%  0.85£0.04®  0.76£0.03%  0.79£0.06  0.85+0.05"  (0.84+0.04™
Pro 1.67+0.14°  1.64+0.02°  13120.10°  1.47+0.07°¢  1.57+0.02>  1.47+0.13*¢  1.35+0.14°  1.66+0.14°  1.44+0.02%

S 5.1440.19™  523+0.10%  4.12+0.14"  4.38+0.01°  5.03%0.10°  4.57+£0.02°  5.40+0.08°  6.09+0.30°  4.73+0.14¢

Asp 2.05£0.06°  2.04+0.05"  1.53£0.04"  1.67+0.04°  2.03+0.02°  1.77+0.01°  1.7320.02°  1.95+0.03®  1.83+0.03°

FAA Glu 3.60£0.23*  3.62+0.19°  2.93£0.06°  3.18+0.11°  3.68+0.14"  3.33:0.07°  3.24+0.14°  3.72+0.07°  3.36£0.14°

B 56520290 5.66£0.24°  4.46£0.10  4.85+0.15°  5.71+0.12°  5.10£0.06  4.97+0.16*  5.67+0.09"  5.19+0.16"

Lys  0.52+0.04™  0.51+0.05®  0.47+0.02°  0.48+£0.01°  0.53£0.02°  0.52+0.05®  0.50£0.04™  0.51+0.02"  0.54%0.03"

His  0.48+£0.02™  0.49+0.04®  0.37+0.03°  0.42+0.03  0.48+0.04®  0.43+0.03%  0.42+0.03*  0.51:£0.03"  0.46£0.03"

BSAA Arg 2.97+0.10°  2.87+0.08°  2.2440.04"  2.34+0.03°  2.84+0.05°  2.48+0.05¢  2.42+0.02*  2.91+0.08°  2.58+0.07°

M 3.96+0.15°  3.87+0.09°  3.07+0.05°  3.24+0.06°  3.85+0.03*  3.43+0.06°  3.34+£0.07*  3.93+0.08*  3.58+0.11"

Met 0.24£0.04°  0.22+0.04"  0.16£0.03°  0.20£0.02°  0.22+0.03*  0.21£0.03®  0.19£0.04®  0.23£0.02°  0.21+£0.03®

Ile 0.69+0.03*  0.70£0.02°  0.53£0.02°  0.58+0.03°  0.67+0.03"  0.59+0.02°  0.60+0.03°  0.69+0.04°  0.61+0.03"

Leu 1.38+0.03*  1.35£0.03*  1.04£0.03°  1.14+0.05¢  1.33+£0.04"  1.20+0.01°  1.18+0.02*  1.34+0.02*  1.25+0.04°

BAA Tyr 0.56£0.03*  0.56£0.06"  0.43+0.03°  0.45+0.04>  0.55+0.04'  0.47+0.04°  0.50£0.03®  0.57+0.05°  0.50+£0.03®
Phe 0.86£0.04°  0.86+0.02°  0.65£0.04°  0.65£0.04°  0.80£0.03™  0.73£0.02°  0.76£0.04*  0.82£0.03®  0.78+0.02"¢

Val  0.82+0.02°  0.84+0.04°  0.64+0.02°  0.68+0.03°  0.80£0.03°  0.75£0.02°  0.70£0.02¢  0.83+0.02®  0.75+0.02°

ME 4.5440.09°  4.5320.20°  3.46+0.11°  3.7120.03°  4.38+0.05°  3.94+0.04"  3.92+0.07°  4.48+0.04°  4.09+£0.09"

Cys  0.25%0.05®  0.27+0.05® 0.22+0.04™  0.19£0.04  0.26£0.04™  0.25£0.06®  0.24£0.05°  0.28£0.07°  0.18+0.04"

SAAA ME0.25+0.05%  0.27+£0.05®  0.2240.04  0.19£0.04®  0.26£0.04®  0.25£0.06®  0.24+0.05°  0.28+0.07°  0.18+0.04"

T

1F: SWAAF R THIREIERR ; FAAFOREEBRE AR ; BSAAF R I HIME LR ; BAAZOR IR E FER; SAAAF R BIREILRR; FATAR/ING FHRF R 257 0

#(P<0.05).

TSR], 9 AR T FAA VXS AL 5.25 ¢/
100 g, LG && i, i85 5.71 g/100 g; SWAA 14
T 4.97 g/100 g, QK &, i5%) 6.10 g/100 g;
FAA Fil SWAA 2t 5 52 bR 20 FL 2 5 5 1Y 55.24%~
58.69%, H¥h ZL & & &A% 45 dhFh BAA SigEdy
=T BSAA, H PN R SR IR BB A Wb [a] 22 5
B SAAA JEE E AR EMRE SR, H AP
ZEFBN . B Y& BRI N FAA>
SWAA>BAA>BSAA>SAAA, Z& i /% 45 P7 1ff 5% 3
A, AS TR] 7= A i R HP AR i S0 3 1 )t R R
A s BRI G B P > R 2 LR > 05 A i 4 2L 18 (Tyr 1
Phe), AHFFE4E R 522 —3, X8-I 125K
PR T, S5 WA 2,

FHE 2 Al F H, SWAA 1 Ala, FAA " Glu il
Asp, BSAA ' His Fll Arg, BAA H' Val Ll M SAAA
B Cys 19 TAV {HIR T 1, SRUIFLXIT AR 1) 2
BROTRRAC I 35 o RIS 5 FRIEASBRIE 2 —, AT T~
B R E XU, BEEE 0SSR, SRR )R A
eI R B ARIRIE, sk S RSN, nl kA2
YRR Rl AR 56, $2 s A R 3 AR 1y 10 BRI XU
9O MEZEME PRI P Cys 19 TAV {HEE, 4 9.00~
14.17, H RS2 Glu, N 9.76~12.41, Glu E P& I
P2 19 T2 Sy, TR R B SZAR 5 S50k, HoA
5T R B9 T L B, BB A AL AL Val 19 T R 58
Arg Y TAV i 4.47~5.93, {H i T HAREIR AY SR M,
T AT AR RN BRI BERO . A g R

B Leu. Phe 857 BR 2 LR & B I8 TR BB, 7T
Hgi H A S FLPR 10 SR DRI 2

I 2 AT, 7 9 MZARRE R, QK A% 1Y
ECTAV {HE 5, 8% 47.31; HiYR A XL3 FI LG, &
TAV 15354 45.90 Fll 45.33; ZL 1Y TAV S {H
1%, 12 QK 1 77.17%, BN 36.51, THERZEFLR
F1, A% Ala B9 TAV KF 1, BaBH Ala %F &R #4536k
B, Hor TAV B & BHT 4 4 S Fh 40531 2 XL3,
XL. LG fll QK; #BRZ IR H1, Asp 1 Glu 1 TAV
¥R F 1, Hp Glu f8f BR £ 58 , QK. LG. XL3 Fl
XL 1y TAV {H# S W R HERR T Val 19 528K 5Tk
R, TAVAHE & 0 & AR 8 X3, QK. XL Fil
LG, {HiX 4 Rz a3 4 o gkrp 3% B B 5
B, FTRESE B TR 2400 3L 0T 2 R 5 i R AR
BAERF AT RIS, [ S A R BY
N T IR A2, ZE LR, ARBFST R 9 4>
ST b Ah A Bk S R TG P R AN [, 3% A 2 B R
PR, Je 435 ANIRIRR I v R AR .
2.3 A E@MIZIEIRIN S B ERE R 2

SRR ST A AR AR T 2 —, BRAE SR
D7 WA B E VRS, T8 A= BRI AN By R 4y T
RIFEBERNF BRI BT, 25HEFER(MAA)
JEFE B 25 E FH LR, nT ISR aE 1y | e
JRYT ORI . BB ERESE, 444G Asp. Glu. Gly.
Met. Leu. Phe. Tyr. Lys Fll Arg. & 3 AJ1%, 9 14~
s AR 5 FRERER DA LR T, MAA & = B
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Fig.2 Taste amino acid flavor activity values of different
walnut varieties

5, 53] 10.27~13.11 g/100 g, FH8 b 5 & L FR A
1Y 66.70%, XL J& & & & e 1, ZL & & 5
Ko FEEM MAA &b UESE TAZPE IR HAZ
Ak 2 A E . B 5 LA BB (FCAA)
ST 55 SR AR k= A SE LA I A A
PRAFR A ) 0T, PEdE B IS T 55 4, 24
% Glu. Cys. Val, Leu. Lys. His fll Arg., Kl 3 &7,
FCAA & #E{UKT MAA, 27 7.90~10.10 g/100 g, *F
Yo E JE R B E Y 51.18%, QK & B i F,
ZL IR ER R R . mE N FCAA YT
MR, W R T B R R SR s i T
T THE 2 5K o

JL 28 75 2 2L iR (CEAA) IS0 F His 1 Arg.
His i 10 2 LA FJLEAGES AL, HXT L A sl T

1 BCAA =2 ABAA FCAA zz2 MAA [ CEAA
354

30 1= (B E=
25 ] \:\\ B
20 A

FERR DR A SRR & i (2/100 g)
5

XIL XL3 ZL VN LIG XLZ QIX QIK LILI4
bk
B3 AN[E] S AR R DA R SR
Fig.3 Content of special functional amino acids of different
walnut varieties

HIFEZ, Al S REANUELE; Arg N
S BT FERR”, B e TIRE, 5 His 45
Aol et L L R G ANUER L B IIRER S
SE3% . P A TR (ABAA) £ 4 Phe. Trp I
Gly 25, —EWREEHY ABAA T X5 | £ 1 8 IR i i
AP e EIVE . XEEEIER (BCAA FE&H
Ile. Leu F1 Val 4, JEWHS | f5 5k = sl Qi B st
MR ZLRR R T, B AT R A A& S . BRI
‘B OiREEm A IEE . AIE 3 AIE B, 9 iRl
By CEAA. ABAA M BCAA iy & 53 9 4 2.61~
3.44, 1.46~1.85, 2.22~2.89 g/100 g, -3 54 MR 24
A 17.06%. 9.32% F 14.57%. A, XL 1 CEAA
1 BCAA & 2R, XL3 1 ABAA Fll BCAA &
SRR, T XL A & FER 0 4 4 4 T e T A
LMK R BTG R, XL3 A FEH TR 7 11
MR AL, 22 PR W, CEAA. BCAA I
ABAA iX 3 FPRRER DA LR, XL AT XL3 2Z[H]
JC 225, T T35 ZL A1 VN N 22 55 g 3%
(P<0.05).
24 AT E@MZEEREFNEITEN
2.4.1 DFEAREREFMETN EWhENEE
FEME IS 32 B L An T B T S LR 1
J& | B g B b BB, 1973 AR B T AR 4H 4
(WHO) FIEA ERARHLUTF A0 BT T AHAEM
B TR, IR T P B 0 T 2 SRR AR 2
&, PR EAA/TAA=40%, EAA/NEAA=60%,
By IR A AT FAO/WHO S LIRS
RELR, B EARMEARRE TN EEE, 5A
AR AR SRAERARAT

e 1 AT AL, AN E SR AZBR T EAA/TAA 19
YERESh 30.23%~34.81%, X ELIE N 31.67%; EAA/
NEAA 7E 57.23%~70.60% =2 [a) Z8 4k, 34 o (H N
61.04%, AWFFEHIE, AN [FE S FESS ILAZRE EAA/
TAA RGN 29.41%~33.67%, “FII{E K 30.44%,
EAA/NEAA HLBIJE RN 41.67%~50.77%, “FI{E K
43.77%; R[S R H s P A% Bk EAA/TAA EU{BEAS
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bk 22.3%~31.4%, EAA/NEAA FU{EARAE Y 28.8%~
45.7%P% . XF Fh A dT B, ANBIF ST A% S SR A %
e 5 FAO/WHO ZFEFRBi N EER B NG T, B REH
BAME TR ANEZHT R EAA/TAA F
EAA/NEAA W FL1E N VN /], QX %K EAA/
TAA 5 AR K R : QX>QK>XL3>LH4>XL2>XL>
ZL>LG>VN; 5 EAA/TAA fH kb, A [A & Flr EAA/
NEAA HITFEEEA A E, IR : QX>QK>XL3>XL>
LH4>X1.2>Z1L>LG>VN, 5 FAO/WHO % 3 & &
KAHEE, 9 SR ERkZ T EAA/TAA PR TARUE
B 5 QX Fl QK 1 EAA/NEAA FUAE = TAR RS
K, 18 70% AT AN, A SR Y Le a3 5 AR R
FHIT o

2.4.2 EIMIEIrFIiL2AEsr  EIEFRIESr (AAS)
FEEETES3(CS) 43 AFE e i 2R BT P — i 2 2k
12 5 WHO/FAO PP 43 a5 A AR oA b,
HAEER S I H 43 L, BHIE SR R A BRI
EERMEZIE bR . PEIREET 100%, RIS 5L
T e FER M FP S | B T LU A5k 5 AR ER 1 Ek

PR AEXS A e T, HUE IR B AR = Y

2 3 W LUE L AREEFIAZAERY AAS R CS STF4
S350 91.70%~142.28% Fl1 67.98%~108.08%, 1T
Sy B BIAZRE R QK, TR BRI ZL, 5T
RIBRASLH T AAS FII CS BT 100%, F 1%
PR S 25 EAA Yo IR & FL 2, Hoh Lys hEs
1 BRI S 212, H: AAS Fll CS 43 B398 9.22% Tl
7.24%. BT RN, Brim 22 DS EK TP AAS Fi
CS R 1 BRI IR Lys, HAPSr B 55 R
41.76% Fl 35.89%%); 9 A/ i Fh Y AAS /7 Lys
SHEBAR, 1NN 25.89%~31.93%, F5E HoHEE 1 BRI
AR, MRS OB AN, SR R ok

SRR S Lys S it A i T 1 3 1) nl
HEI50) S ErRTIE, $E RS ML IR U AT,

2.4.3 FERIUERECNIVIEREGE ) Ueesh b
FAMRLH L L SR LR — 3, A B AR L

HEF(RC)ZET 1; 5 RC<1 RHIiZF EAA 240
XA R, RC>1 WiZfh EAA FHX 301, S LA 2 8%
RISt By B SR AR s . SRR LhE

FEOT43 (SRC) SR B 45 Wi L iR A8 =0 2 i

T D 25 1) B HROBE 25 B VY, SRR S AR B AR X

EFEPE, - SR R A FERR L AR LU —2K, W] SRC %%
TF- 100, #ilr SRC #EHZIT 100, HE I (E AR X B o
WK 4 iR, RPE RC Al HAEZBR PSS 1 PR & 23
Bz Lys, 5 AAS Fll CS FIESSR—, agastsl
FEHL 6 P 0y 36 29 - P AZ PR E LR A TE FE N
{EIFHT, 455200, RC F1 SRC BUREHERE( 15
Frpbk 3 5540, Hogy 27 AP IO EE —BR il P 2 LR
Y Lys, ARFGEEE RS Z FAR—3,  MiASE] R

FellZpkEsE RC FE 1 545 11 5 F T Met+Cys
SHES 1 BRI LR, HAth 26 AT Lys N5 1 R
H SR 12 Mg ErAZ Ak NE T RC EHASH, 57
GIE e 1 FRHISIEMR N Val, 2R A AYEE 1 FREI
AR N Lys, HABZE RIS 1 FR ) & IL iR 5 K
Thr®, DL e 4s SR WARE T AR R & 1 5 i E)

MES 1 BRI SRR AU E 22 Sk . AT 9 A%
HEdh Al A, Thr, Phe+Tyr i RC {EH KT 1, FHX 48
Wi A AL R B AH XT3 ) 5 Val, Met+Cys, Lys I

RC {EH/NTF 1, FREHH A BEAIXT A s Tle A1 Leu M 56
PAAE QX AT QK PSP P AR AN B o Ak i
LELU B ST AR A R A S R A IR R Met+Cys A
AR IEIR Val F AR AR R AR E, AT S
ZHEAA R . ASFIE 9 NERFFI SRC SHEASE, /i

3 ARSIV EIERR S AL oy

Table 3 Amino acid score and chemical score of different walnut varieties

V5 (%)
ibr
Thr Val Met+Cys Ile Leu Phe+Tyr Lys

XL 17.1740.51 16.40+0.33 14.00+0.84 17.2540.61 19.67+0.36 23.56+0.21 9.39+0.52

XL3 18.08+0.51 16.87+0.57 13.90+1.98 17.504+0.35 19.29+0.35 23.56+1.06 9.33+0.70

ZL 13.2540.54 12.87+0.25 10.86+1.53 13.334+0.31 14.86+0.31 18.06+0.82 8.48+0.31

VN 14.42+0.62 13.67+0.50 11.24+0.71 14.5840.62 16.24+0.53 18.39+0.48 8.67+0.09

AAS LG 16.75+0.54 15.93+0.41 13.81+0.36 16.67+0.51 19.05+0.41 22.61+0.44 9.58+0.23
XL2 15.00+0.54 14.93+0.25 13.24+0.59 14.67+0.31 17.14+0.12 19.94+0.79 9.45+0.74

QX 39.08+1.50 13.93+0.34 12.19+0.36 14.9240.51 16.81+0.18 21.00+0.72 9.03+0.52

QK 42.33+2.38 16.53+0.34 14.67+1.89 17.174+0.72 19.14+0.23 23.22+0.28 9.21+0.34

LH4 16.17+0.72 14.93+0.25 11.14+1.21 15.17+0.51 17.90+0.41 21.28+0.55 9.82+0.39

XL 14.61+0.44 12.42+0.25 8.60+0.52 12.78+0.45 16.01+0.29 15.20+0.13 7.38+0.41

XL3 15.39+0.44 12.78+0.43 8.54+1.22 12.96+0.26 15.70+0.28 15.20+0.68 7.3340.55

ZL 11.28+0.46 9.75+0.19 6.67+0.94 9.88+0.23 12.09+0.25 11.65+0.53 6.67+0.24

VN 12.27+0.53 10.35+0.38 6.90+0.44 10.8040.46 13.22+0.43 11.86+0.31 6.81£0.07

CS LG 14.26+0.46 12.07+0.31 8.48+0.22 12.354+0.38 15.50+0.33 14.59+0.28 7.52+0.18
XL2 12.77+0.46 11.31+0.19 8.13+0.36 10.86+0.23 13.95+0.09 12.87+0.51 7.4340.58

QX 33.26+1.28 10.56+0.26 7.49+0.22 11.0540.38 13.68+0.15 13.55+0.46 7.10+0.41

QK 36.03+2.03 12.53+0.26 9.01£1.16 12.7240.53 15.58+0.19 14.98+0.18 7.24+0.27

LH4 13.76+0.61 11.31+0.19 6.84+0.74 11.2340.38 14.57+0.33 13.73+0.35 7.71+0.31
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Table 4 Essential amino acid ratio coefficients, ratio coefficient scores, essential amino acid index and biological value

of different walnut varieties

o RC

i Thr Val Met+Cys Ile Leu Phe+Tyr Lys SRC EAAI BV
XL 1.02 0.98 0.83 1.03 1.17 1.40 0.56 75.63 24.30 14.79
XL3 1.07 1.00 0.82 1.03 1.14 1.39 0.55 75.76 24.47 14.97
ZL 1.01 0.98 0.83 1.02 1.13 1.38 0.65 78.78 20.21 10.33
VN 1.04 0.98 0.81 1.05 1.17 1.32 0.62 78.76 21.12 11.32
LG 1.02 0.97 0.85 1.02 1.17 1.38 0.59 76.96 23.89 14.34
XL2 1.01 1.00 0.89 0.98 1.15 1.34 0.63 79.89 22.38 12.69
QX 2.15 0.77 0.67 0.82 0.93 1.16 0.50 49.17 24.48 14.98
QK 2.08 0.81 0.72 0.84 0.94 1.14 0.45 51.72 26.84 17.55
LH4 1.06 0.98 0.73 1.00 1.18 1.40 0.65 76.32 22.58 1291

T 49.17~79.89 Z I, SF-HI{H Ny 71.44, Sr{EME T 75
A 7 A, Fe R 2 B AZ R A A i 2
FLPRLH B LU S A A SR SR T, E SR EAR R 4
Ho AAKEEERY IS T SR SR ARE] SR EASE]
FEX M LGOI AR TR Z) XL A FRZ) . ZL(1l
PE ¥y FH) A0 XL3(BRVE B A ) #Y SRC 4351/ 83.03.
79.04. 86.07 Fl 67.02, 53 {H GAFFRBEA 2208, AL
H T BRI A S SRS AR R SRR A2 0
TR IR B (EAAD FETFIMRE N, b 4R
FFPRAHXT T FAO/WHO b s AR Ek
iR ) LG A (BV) IMAREL &) vh 85 B4 TH 4k
KR AR REE i 4 AT, 9 ARk A Rl SR
A~ EAAL TE 20.21~24.48 284k, Hipb QX 119 EAAI
(B, ZL WA SHRfR=CAE b, T R R
AR ZERE . T ESER AEXTEARRRE IR SR 1 R
AT RS T S E IR PN BT, S HrAE 4 BlHBRR
4t 7 20 B BEAAL LE 27.74~78.89 2 [f], iZiME 44
R TAGF R . X0 eSS TR E 2257 Rk
AE AT AR, (H A5 S SR LH i B & AP AR B
25, ¥i BV s, NEEZHREFP BV 7E 10.33~14.98
Z a1 AR Ak, S AR SR RS QX Fi ZL, FRBH
QX MAZA P iR TR T A 5 9 1) FH AR X e v
ZL BRI 3R ARXT AR, AL SRR BRI 3R 22 58
Ko FERAFEFEKE BV P24 69.952°, 4 Ff
BB E 3L 16 MR BV Sk 53,1009, &5
HOL 12 FEF AR B A AY BV PR 48.035%,
BIE TARW SR AZMAE S8 s . X T REE H T A
Fhli] 2= R ITER
25 AR@EMZEEERE

AT

SR S I T BT, SR 5. R S
AIEN, DURPEE R T 1 Shifiiss e, Hde ) 2 A~ 3=
WA, 55 1 ST TTRRR 82.063%, 55 2 F 4Bk
Ry 7.852%, BAR Ty 25 TTRk AN 89.915%, & T
8 85%, i 2 WS AT 17 A FEFRAT 9 0k
FIAZAR ) BRI T53HT o

K5 ARG E IR TR R EAN DT
Table 5 Eigenvalues and contributions of amino acid principal
components from different walnut varieties

B P ME TR (%) FBETHR (%)
1 13.951 82.063 82.063
2 1.335 7.852 89.915
3 0.679 3.996 93.911
4 0.504 2.967 96.878
5 0.302 1.778 98.657

PL z,. Z, 58 IR 3R 24 F B4y, X, (Lys) .
X,(Phe) . X5(Met) . X,(Thr) . Xs(1le) . Xc(Leu) .
X,(Val) . Xg(His) . Xo(Arg) . X,,(Asp) . X;,(Ser) .
X;,(Glu) . X;3(Pro) . X,(Gly) . X;5(Ala) . X4
(Cys) . X,,(Tyr) 705l 17 DML TSR, AI155
rr LR

Z,=0.049X,+0.068X,+0.066X,+0.018X ,+
0.071X5+0.071X4+0.071X,+0.069X+0.071Xy+
0.071X,,+0.071X,,+0.07X,,+0.065X,,+0.064X , .+
0.068X,5+0.047X,,+0.07X,

Z,=-0.34X,+0.032X,—0.094X;+0.631X,+
0.063X5—0.048X,—0.012X,+0.012X4+0.004X,—
0.086X,,+0.011X,,+0.029X,,—0.167X,,—0.08X, s+
0.403X,,+0.118X,,

PAAS T3 XN 7 22 TTRRF A, 2R

2.5.1 FIRATATVEM XF O DAZBRER AR 17 B PEUTRAY: Z=0.821Z,+0.079Z,. BZAT 9 DAEBE
® 6 ARG ERIR T LRSS0
Table 6 Principal component scores and comprehensive assessment of different walnut varieties

(o XL XL3 ZL VN LG XL2 QX QK LH4

Z1 1.306 1.304 1.022 1.093 1.284 1.153 1.145 1.316 1.185

z2 0.123 0.150 0.076 0.087 0.110 0.093 0.714 0.795 0.071

V4 1.082 1.083 0.845 0.904 1.063 0.954 0.996 1.144 0.979
H# 3 2 9 8 4 7 5 1 6
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i PP 2R A PR S E R HEA (3R 6) o iR 6 I A,
9 M AZMK A P E FEBR 2R G BT DA BRI : QK.
XL3, XL, LG, QX. LH4, XL2, VN, ZL, HIZRH

IR N Bk E, QKL XL3, XL, LG 1 QX
PRI B, SN RLE S RS, H RGBT

Z1 XA FER I G PP SR

2.5.2 EESMPEMN X 9 DAL S FR R EAA/
TAA. EAA/NEAA . SRC. EAAI fll BV 5 P& &%
BIEMETEMFE bR T R G RIS, G5 R LA 4,

&l 4 Biras, 9 A~ E R AT HE PR, 5 1 28
QX 1 QK P fh B, 28 11 2824 XL, XL3. LG, XL2,
LH4. ZL #1 VN, 1 ZEP-A R ois &8 o &
e, BAEMR MBS, EAA/TAA & EAA/NEAA A
BAZIT AR R, EAAT X BV L, 255 T
JEAHXT RS X 11 SR T 3RS, XL XL3 .
LG. XL2. LH4 & 1I-1 2%, ZL. VN 3} [I-2 2%, II-2
SR S AR SR LR U R B4 SRC ARAXT R
=, AR T RIAY 7 50 Rh, LGP F T4y
HEZ RS . -1 28 5 a0k, XL, XL3 Fil LG @
RS LR St M T 2 BRI & LR e, SR R R N

FRER DA LR o i W, AR T X2
LH4, BE =BS5S, N SR E 5%

MEPEMNAE, QX. QK. XL, XL3 Fil LG #5354
XTI, fh Bty . TRRLE IR M T A IR E SR E

TEAFAZBE AR L 22 5, 33X 9 S Fh 9
FEEHY L BRI O T AR TEE S

XL
XL3
LG -1
XL2
LH4 Il
ZL ] -2
VN
QX —1
QK —
0 5 10 15 20 25

S

Kl 4 R[] R AZ R LR E SN TN TR HR A SRS APR
Fig.4 Cluster tree diagram of amino acid nutritional value
evaluation index from different walnut varieties

3 iR

HEL O AP EE 17 FREILIR, LR
Bk 15.33~20.45 g/100 g; Hib Glu, Arg. Asp. Pro
J Leu A A IR Sy, 2T 1.00 g/100 g,
SPE SR 2 SRR SR 58.29% . ZEBREELR
SAHEIR MY 55.25%~58.04%; 24 P S0 KL iR 5 2 5t
R B Y 63.56%~70.16%, X 3 WA PR se3f B
FHAIZS PRI, T T2 i G 3P R M. At
A PR T LML 7 5 4.03~6.11 g/100 g, fhff
(6] 24 5% .35 AAS. CS Fll RC 2 FhiFil Jy 2245344
R Lys NE—FRHI 2 IERR . F 5T, N

FLRReH & Bk E, QK. XL3., XL, LG fl1 QX 3
LR, ZR G553 5 TRASSTHTINERIE, NGBy
FEMEIFN TP F, QK. QX. XL, XL3 fl LG fiFh
EAAI X BV 55, BRI PR DR 3R &
B, S E TP R BT AEXT R

£E i, QK. XL Fll XL3 %5 3 A Az dekz
1S LR T B 5, SRR E SR MV
=1, ERE TP SO R AR, 2R s Al Sz pk
S T AP IR
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