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Study on Flavor Characteristics and Nutritional Evaluation of Free
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Abstract: In order to explore the composition, taste characteristics and nutritional value of free amino acids in pellicle of
different varieties of walnut, the content of free amino acid in the pellicle of 6 walnut varieties was detected, and the taste
activity value (TAV) analysis, principal component analysis and comprehensive evaluation were carried out. The results
showed that a total of 17 free amino acids could be detected in the pellicle of walnut, with a total content of 2673.86~
3490.12 mg/kg. Nine medicinal amino acids accounted for 57.67%~68.23% of the total amino acids, and Leu was the first
limiting amino acid in the pellicle. Glu, Asp, Thr, Cys and Arg were the main amino acids of free amino acids in the
pellicle, with Glu having the highest content. The TAV value of Glu among the six cultivars was 2.34~3.81, which
contributed the most to the umami of the pellicle. The TAV values of Arg in 'Jing 861", 'Bokexiang' and 'Jinboxiang 8' were
1.03~1.26, which contributed to the bitterness of the pellicle. Among the flavor amino acids, the content of umami amino

acids was the highest, while aromatic amino acids had the lowest contentm. The ratio of bitter to sweet amino acid content
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in the 'Nonghe 1', 'Jing 861', 'Bokexiang' and 'Jinboxiang 8' was greater than 1. While the ratio of bitter to sweet amino acid

content in the 'Fenhe 2' and ' Fenhe 4' was less than 1. The comprehensive quality of amino acids was also relatively higher.

The amino acids in pellicle had high nutritional value and medicinal value, and the taste was bitter, as a food auxiliary

material to supplement Thr, Ile and sulfur-containing amino acids, it could increase the overall taste richness of food.
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Table 1 Content of free amino acid in walnut pellicle (mg/kg)
AHR Sl WS Uriza's 7861 WA B
Tle 185.58+21.92° 130.53+1.63° 101.95+4.40° 104.84+1.73° 124.60+1.73° 135.75+4.39"
Leu 4.93+1.98" 2.5120.12° 16.91+5.46" 2.83+2.69" 5.77+5.41° 2.86+2.05"
Lys” 63.54+0.59° 87.58+0.41° 57.19+1.05° 70.45+0.63¢ 76.89+2.79° 77.82+0.49°
Met" 58.14+46.41° 20.60:0.80° 34.40+6.35" 12.57+1.30° 8.45+3.43" 28.77+4.45%
Phe” 24.84+9.00 25.15+0.28" 45.77+0.63" 50.48+8.37° 39.91+1.66 47.92+6.25"
Thr* 435.53+11.58° 589.94428.37" 547.17+9.55" 283.77+6.96° 383.14+3.32¢ 368.04+7.12¢
Val’ 50.94+13.66" 28.83+12.39 40.93+1.51® 22.77+4.58° 16.07+0.34¢ 47.49+2.17"
Arg 410.17+15.57¢ 245.77+3.52¢ 132.62+1.70° 630.59+3.55" 593.83+3.58" 516.34+4.51°
His* 62.11+10.37¢ 83.27+0.77% 79.63+0.85" 59.89:0.66° 90.98+2.79° 73.16+6.32¢
Ala*™ 25.57+0.11° 9.44+0.25¢ 12.85+2.45° 2.98+1.20° 5.55+1.61¢ 7.53+0.77%
Asp™ 269.40+2.33¢ 469.68+4.14° 270.67+2.05* 207.45+1.55¢ 232.38+6.12¢ 276.29+3.01°
Cys™ 276.33+10.79° 394.18+2.98° 309.90+2.93¢ 316.81£12.34¢ 331.89+6.95° 356.31+5.84°
Glu* 799.25+8.65¢ 1142.78+6.59" 877.01+3.30° 701.33+3.13° 889.77+3.02° 886.83+3.31°
Gly* 94.52+13.15¢ 123.19+17.42° 100.99+6.95" 107.10+9.44%¢ 119.52+0.84% 96.33+2.86°
Pro* 24.91+2.81¢ 30.55+2.01¢¢ 38.12+0.45" 44.1349.36" 35.25+3.62¢ 57.15+1.99
Ser* 12.6348.78° 34.60£19.97 31.07+1.12% 14.41+2.81% 20.77+0.93% 13.85+3.42%
Tyr* 45.79+2.44% 71.61+2.81° 47.16+1.96° 41.44+2.03¢ 56.68+1.53" 55.59+5.45"
S AR 2844.18+116.82° 3490.21+7.49° 2744.33+15.24¢ 2673.86+13.79¢ 3031.43+32.10° 3048.05+27.45"
Wit SR 823.51485.23" 885.14+17.50° 844.31+11.47° 547.71+15.72¢ 654.83+16.86" 708.65+11.40°
P TR A EER 47227424 30° 329.05+4.16° 212.25+1.22¢ 690.49+3.26" 684.81+2.56" 589.50+6.90°
e AR 1548.40+11.22¢ 2276.03+6.45 1687.77+7.38° 1435.66+17.25° 1691.79+12.71° 1749.89+12.02°
R 1770.59+58.81¢ 2188.88+15.67° 1582.72+10.21° 1824.25+3.98° 2023.19+20.93° 1988.77+15.08°
E/T 28.95% 25.36% 30.77% 20.48% 21.60% 23.25%
EN 53.18% 38.89% 50.03% 38.15% 38.71% 40.50%
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Tyr. Phe. Arg) . G R Z JL WL 6 Fp ( Thr. Ser. Pro.
His. Gly. Ala) F1 77 % J& 24 &2 2 #F ( Tyr. Phe) .
FH3R 3ATH, ‘Wi 2 5 SRR R A E &
(3075.43 mg/kg), ‘G 861" Hflk(2344.48 mg/kg), ¥
1 2 5ot 5t 861°FY 1.30 1%, ARIEIEZHkSFhh &2
PRI & B AP 25 57, BF R R R O i s U 2
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Table2 RAA and RCAA values of essential amino acids in walnut pellicle
n A il Thr Val Met+Cys Tle Leu Phe+Tyr Lys
) RAA 0.11 0.01 0.10 0.05 0.00 0.01 0.01
;, =1
(] RCAA 2.66 0.24 241 1.21 0.00 0.24 0.24
PR RAA 0.15 0.01 0.12 0.03 0.00 0.02 0.02
RCAA 3.00 0.20 2.40 0.60 0.00 0.40 0.40
RAA 0.14 0.01 0.10 0.03 0.00 0.02 0.01

AN =)

v RCAA 3.16 0.23 2.26 0.68 0.00 0.45 0.23
21861 RAA 0.07 0.00 0.09 0.03 0.00 0.02 0.01
- RCAA 223 0.00 2.86 0.95 0.00 0.64 0.32

W RAA 0.10 0.00 0.10 0.03 0.00 0.02 0.01

st RCAA 2.69 0.00 2.69 0.81 0.00 0.54 0.27
RAA 0.09 0.01 0.11 0.03 0.00 0.02 0.01
3 =}
S RCAA 233 0.26 2.85 0.78 0.00 0.52 0.26
3 B FR R RRE R F i (mg/kg)
Table 3 Contents of flavor amino acids in walnut pellicle (mg/kg)

b ff R SR TR E SR AR R F5 AT R AR SRR LR L
L5 1132.19+10.59 722.25+45.77° 655.27429.75° 70.63+7.98" 2509.71+63.87°
wi2s 1700.04+3.71° 504.41+£10.77¢ 870.99423.55 96.77+3.09° 3075.43+10.99°
nizas 1204.87+3.87° 385.33+9.02° 809.82+0.54° 92.9342.25° 2400.03+9.51¢

5861 979.23+2.05° 852.95+13.76° 512.29+5.25° 91.92+10.28" 2344.47+9.51¢
b iy 1199.04+6.38° 836.86+11.69% 655.20+8.66° 96.59+3.13° 2691.10+24.97°

LA 1240.95+3.65" 805.95+15.68° 616.07+19.17¢ 103.51+11.22° 2662.97+34.79"

6 MAZBE SR 9T 45 SRR A LR TAV (H I
2 4. TAV JERIRFESH 2R ik 5 -5 HIGH )
B 1) Ee AR, B2 A il v 52 R B S5 1) V2% R e L Y
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X TAV<] B}, 3 HXF PR B2 RS2 AN K. il
2% 4 AlHL, TAV>1 A BREHIR 5 Glu(fERE
FPR) A Arg(FHFREENL) . 6 TiaFli Glu 19 TAV
Bl 2.34~3.81, #I{EH Hy 2.94, FgRZ 0 PN PRl iz fof ok
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WSz 102, Glu iR HATHE G PR A D54, T

TPHIRGESZAR T Ca® 5 S AL 6P, B oy PR 2 LR
Ile MR, 5T 8617, “WiFeH/ M & HE 8 5
Arg B TAV {EH N 1.03~1.26, XHZ AT IR R 5475
HEERW . ARSI TR F G, 5t 8617,
WS A 8 SO IR BN T WA 2 5o
Uz 45, SRS IRAAEZ R, XATie S
Arg WRPER 2R 6. KRR Argl) L BIFF
TE, PR, HAMHIET R AR R E ], nl e HE 55
/B RGP R AZ AR sl S R E T Y Na 38 38 AH 5.
VEFH, FEARGT L-Tle, L-Phe S5 bR ILIR FNZS JE I W

=4 HHNFN R ERE IR TAV H

Table 4 TAV values of flavor amino acids in walnut pellicle

S TAV
GES R %ﬁ?f) R e W g6l N il A1
1% 25 4% 5 Hre w8

Lys 500.0 0.13 0.18 0.11 0.14 0.15 0.16 0.14

ff I Asp 1000.0 0.27 0.47 0.27 0.21 0.23 0.28 0.29

Glu 300.0 2.66 3.81 2.92 2.34 2.97 2.96 2.94

Thr 2600.0 0.17 0.23 0.21 0.11 0.15 0.14 0.17

His 200.0 0.31 0.42 0.40 0.30 0.45 0.37 0.37

ik Ala 600.0 0.04 0.02 0.02 0.00 0.01 0.01 0.02

Gly 1300.0 0.07 0.09 0.08 0.08 0.09 0.07 0.08

Pro 3000.0 0.01 0.01 0.01 0.01 0.01 0.02 0.01

Ser 1500.0 0.01 0.02 0.02 0.01 0.01 0.01 0.01

Ile 900.0 0.21 0.15 0.11 0.12 0.14 0.15 0.15

Leu 1900.0 0.00 0.00 0.01 0.00 0.00 0.00 0.00

- Phe 900.0 0.03 0.03 0.05 0.06 0.04 0.05 0.04

stk Val 400.0 0.13 0.07 0.10 0.06 0.04 0.12 0.09

Arg 500.0 0.82 0.49 0.27 1.26 1.19 1.03 0.84

Tyr 2600.0 0.02 0.03 0.02 0.02 0.02 0.02 0.02

g Phe 900.0 0.03 0.03 0.05 0.06 0.04 0.05 0.04
JiTIR Tyr 2600.0 0.02 0.03 0.02 0.02 0.02 0.02 0.02
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Table 5 Eigenvalue of the principal components and
cumulative contribution rates in free amino acid

F,=0.18X,+0.06X,+0.02X;+0.17X,—0.02X —
0.03X,+0.22X,+0.11X+0.02X+0.06X,,—0.15X, ,+
0.19X,,—0.04X5+0.01X,,4+0.20X,5—0.03X,,+0.14X .,
F,=0.09X,+0.04X,—0.07X;+0.05X,—0.27X s+
0.10X+0.07X,+0.34X4+0.21X+0.11X,,—0.04X, ,+
0.03X,,+0.03X,,—0.14X,,+0.01X,5-0.10X,,+0.22X
F;=0.03X,+0.19X,+0.21X,;+0.05X,—0.01 X+
0.02X,—0.02X,+0.03X+0.02X,—0.16X ,,+0.29X | ,—
0.02X,,+0.06X ,+0.12X,,—0.16X,5—0.24X,,—0.03X ,,
F,=—0.01X,+0.03X,—0.02X,+0.18X+0.17X ;—
0.17X,—0.16X¢+0.04X,+0.19X,,—0.05X,,—0.01X, ,—
0.29X,;+0.02X,,—0.02X,+0.06X ,,—0.41X
i 2 6 1] Jl, PC1 £ Lys. Asp. Cys. Glu Fll
Tyr A8 8T, 2 IEAESE, 32BH PC1 X P Fp
B2 1R T S BE IR S I B K, B AR 7 2 R R ]
T PC2 H Met Fl Val i {E 453514 0.87 5 0.99,
HAFEIE M52, vl Ry i 2 R 1. PC3
Leu. Thr Fll Ser #fuiii kK, 35 PC3 R I1EAHK, ATFR
NEHREILFE N T PC4 17 22 TRk R ik, Horp
Tle F1 Ala FURRAE (R S ABAE, S0 IEAE, nTFR N7 -6f
BRI AR T 4 4 F R E IR 3L 5 1
ST AZ R N R Ui B A SRR 25 B T, LU 2
JRAT RN 19 7 ZEARX BTRRERAE AR E ST £ AT
F55# F=0.33F,+0.25F,+0.23F;+0.19F,,, fx &3k 15
6 MEBEPIFP L ZE A TR E R HEA (R 7)), NS 2
MRIHET iz 2 50 R 150 iz 4 5. 4
A 8 B, WFEH . B 8617, HiA Uk 2 5o4F
GAFST B, N 0.69, R FLR LR G T im /K 4R
55, BT 86 1'f3 /3 F Ak —0.74, FE I HA FEMR L35 TR

14 S=VAN Tk (0 Pk 2 (9
DRR TR ey RO LK TG 72 HI 5T 8618 TF-L5 & 7855 H
pea 03 o is6r 1, FeWI AL O T AR T K, S5
PC3 3.77 22.20 77.88 W, E ISR PCL A PC2 Xof PNl i 2 iR
pcs 318 1571 6.59 HOLECr BB . PRIL, BT A T PCL A
F 6 URES SR R A A S R A
Table 6 Principal component load matrix and coefficient of free amino acid
PR, PC1 PC2 PC3 PC4
IR " " " "
Ile 0.06 0.1 0.11 —-0.16 —-0.37 0.2 0.68
Leu -0.15 —0.44 —0.04 0.29 0.87 -0.05 0.1
Lys 0.2 0.87 0.01 —-0.33 —-0.16 —-0.38 —-0.02 —-0.02
Met 0.02 -0.19 0.21 0.02 0.15 0.04 0.43
Phe —0.04 —0.44 0.03 —-0.17 0.06 —-0.05 —-0.29 —0.88
Thr 0.06 0.48 0.04 0.19 0.8 0.03 0.33
Val 0.11 —0.04 0.34 0.03 0.14 —0.16 0.03
Arg —-0.03 —0.24 —-0.1 —-0.29 -0.24 -0.9 0.06 —-0.16
His 0.01 0.42 —0.14 —0.54 0.12 0.46 0.02 0
Ala —-0.03 —-0.19 0.1 0.02 0.17 0.18 0.67
Asp 0.18 0.88 0.09 0.03 0.32 —-0.01 0.26
Cys 0.22 0.9 0.07 —-0.29 —-0.02 0.03 —-0.17 —-0.31
Glu 0.17 0.89 0.05 —0.12 0.05 0.39 —-0.02 0.17
Pro 0.14 0.06 0.21 —-0.03 —-0.26 —0.41 —-0.95
Ser 0.02 0.48 —-0.07 0.21 0.8 0 0.09
Tyr 0.19 0.94 0.03 —-0.02 0.13 —-0.01 0.13
Ile 0.06 0.1 0.11 —-0.16 -0.37 0.2 0.68
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Table 7 Principal component scores and comprehensive
assessment of free amino acid in walnut pellicle

fi F, F, F, F, F He#4
Y25 1.73 -0.35 0.42 0.54 0.69 1
K15 -0.58 118  —0.43 1.50 0.29 2
Yri%ds —-0.74 0.20 1.83 —0.48 0.13 3
LHHT 0.63 1.01 -0.67 -132 0.05 4
M 021 -143  -029 036  —042 5
51861 -083 -0.61 —0.87 —0.60 —0.74 6
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Fig.1 Cluster of free amino acid in different walnut pellicle
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Thr. Cys A1 Arg & PN Fi Bz 1 125 2 LR 19 =2 17,
o5 B R R IR BB Y 77.02%~81.44%, HiA Glu 75

HRE, BT 26.23%~32.74%. 25 FHE LR N
NP Rz Hh 22 J R A 2 —, RS 2 R B
57.67%~68.23%, NI, BBk N AH B HAT 8 o 25
Pr(E, PIRE HZG B E A TS BT R A . 052
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oo Leu se AP R — BRI PEZHENR, 2 BRI ME
BHEIRH Val.
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