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Abstract: [ Objective | In order to solve the problem of resource waste caused by the low quality of early
harvest of fresh walnuts, this study explores the dynamic changes of various quality indexes of fresh walnut fruit
at different growth stages.The analysis and evaluation of the comprehensive quality can clarify its growth and
development law and propose a suitable fresh harvest period , which provides a reference for the timely harvest
and resource utilization of fresh walnuts. [ Method | In this experiment, the fresh walnut variety ‘Lipin No.2’
from Yicheng County, Shanxi Province was used as the test material.Samples were taken at 82 d,92 d, 102 d,
112 d, 123 d and 133 d after flowering, for a total of 6 times.The contents of postharvest fruit quality indexes
were determined by spectrophotometer, Kjeldahl nitrogen analyzer, soxhlet extraction, gas chromatography,
amino acid analyzer.The LSD multiple comparison method was used to test the significance of the difference
between the data at different growth stages, and the quality of walnuts at different growth stages was
comprehensively evaluated by principal component analysis. [ Result] With the growth of the fruit, the
appearance indexes include three diameter mean of green fruit, three diameter mean of nuts, fresh weight of
green fruit, fresh nut weight, the dry weight of the nut, the fresh weight of the walnut kernel, the dry weight of
the walnut kernel and the ratio of the diameter of the kernel all increased first and then tended to be relatively
stable.The appearance quality indexes reached a relatively high level at 112 days after flowering, the fruit size
and quality were basically stable.In terms of sensory quality, the evaluation scores of taking kernel difficulty,
seed coat color and seed coat peeling difficulty gradually decreased, the kernel plumpness score gradually
increased, the kernel aroma and flavor scores first increased and then decreased.The comprehensive score of
sensory quality (2.8~4.5 points) increased first and then decreased, the highest score was 4.5 points at 112
days after flowering, and the sensory quality was the best.In terms of nutritional quality, the contents of kernel
rate, fat, protein, stearic acid and oleic acid showed an overall upward trend, while the contents of water
content, palmitic acid, linoleic acid and linolenic acid showed an overall downward trend. The contents of
soluble sugar, fructose , total amino acids, total essential amino acids , four kinds of flavor amino acids (umami,
sweet, bitter and aromatic) , P, Zn and Ca elements decreased first and then increased.The content of tannin
showed a trend of increase—decrease—increase, and the content of Mg and Fe elements showed a trend of
decrease—increase—decrease.At 112 days after flowering, the contents of some nutrients such as protein, soluble
sugar, fructose, linoleic acid, P, Mg and Zn accumulated rapidly and reached a high level. The results of
principal component analysis of the comprehensive quality of fresh walnut at different growth stages showed that
the score was 0.53 at 112 days after flowering, which was close to the highest score of 0.57 at 133 days after
flowering, and the comprehensive quality had reached a higher level. [ Conclusion | 112 days after flowering is
the suitable harvest time for fresh walnut of ‘Lipin No.2’.The visual index is that the color of inner fold wall
and septum of core shell develops from white to yellowish brown, which can provide reference for fruit farmers
to harvest fresh walnut.
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Tab.1 Sensory quality index scoring criteria

JREFRHT Sensory index

Wb A Tl Bz ) s wE
Grading . 0e T Vo ) S 2 Sk
Taking kernel Difficulty of seed
standard Seed coat color Kernel fullness Aroma Flavor
difficulty coat peeling
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Tab.2 Changes of fruit appearance quality at different growth stages

Rt i e ST R R g

Fresh weight Fresh nut Nut d
resh nu ut dry of walnut of walnut

f o
ol green weight weight kernel rate
kernel kernel

A fif /e A" T H/g

A2 g
Fresh weight Dry weight el

Days after Three diameter  The average Diameter

flowering mean of green three diameter fruit
. rui
fruit of nuts

82d 38.18+1.27°  38.22+0.65°  68.87+5.05" 23.52+3.30° 8.90+0.10° 6.64+0.38° 1.45+0.01" 16.95+1.05°
92d 49.71+1.60"  38.68+1.01™ 71.67+9.67" 25.29+2.91° 9.00+0.75° 9.84+1.54" 3.19+0.41° 25.12+3.34"
102d 51.51+2.00" 38.76+0.97"  73.56+7.84" 27.41+3.11" 10.70+0.94" 10.65+1.16" 4.55+0.50" 28.97+3.18"
112d 50.63+2.33"  39.02+1.12"  74.41+2.56" 30.20+2.03" 11.79+1.27" 10.97+1.71" 6.16+0.80° 29.02+2.96"
123d 51.02+1.55"  39.11+0.95" 74.55+2.42" 30.56+3.84" 12.19+1.46" 10.66+1.26" 7.08+0.86" 28.68+2.13"
133 d 51.58+2.01"  39.59+0.88"  75.08+9.52" 31.02+0.61" 12.68+1.62" 12.16+0.93" 8.76+0.88" 29.57+1.83"
TGN R 0.05 K 10 i k24 5
The lowercase letters in the same column in the table are significant differences at the 0.05 level.
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Fig.1  Color changes of longitudinal section and septum of fresh walnut fruit at different growth stages
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Tab.3 Changes of sensory quality of fruit in different growth stages

UATE S B PR, FhECRIBSMERL R e Uk Zaf

Days after Taking kernel Seed coat Difficulty of seed Kernel Aroma Flavor Synthesis

flowering difficulty color coat peeling fullness score
82d 5 5 4 1 1 2.9
92d 5 5 5 5 2 2 35
102d 4 4 4 5 4 4 4.1
112d 4 3 4 5 5 5 45
123 d 3 3 3 5 3 5 3.8
133d 2 2 2 5 3 3 2.8
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Fig.2 Changes of some nutritional indexes of walnut kernel at different growth stages
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Fig.3 Changes of fatty acid content in walnut kernel at different growth stages
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Tab.4 Changes of walnut kernel amino acid content in different growth stages ¢/100g
AR FNE 465 KA Days after flowering

Types of amino acids 82d 92d 102 d 112d 123d 133d
KAHIR Asp 0.93 0.87 0.90 1.28 0.97 1.33
*J5Z B Thr 0.35 0.30 0.30 0.42 0.32 0.43
2R Ser 0.45 0.39 0.40 0.59 0.45 0.64
RER Glu 1.84 1.77 1.85 2.84 2.16 2.95
HER Gly 0.47 0.41 0.43 0.65 0.50 0.69
R Ala 0.56 0.44 0.42 0.57 0.43 0.57
IR Cys 0.035 0.018 0.014 0.012 0.000 0.049
AR Val 0.66 0.58 0.61 0.86 0.65 0.83
R Met 0.142 0.006 0.000 0.000 0.006 0.046
* RS Nle 0.43 0.37 0.38 0.54 0.41 0.56
*SLTR Leu 0.95 0.84 0.86 1.25 0.95 1.30
Ji% SR Tyr 0.25 0.18 0.17 0.22 0.17 0.29
#IRNZIR Phe 0.42 0.38 0.39 0.57 0.43 0.60
15402 Lys 0.39 0.30 0.29 0.36 0.28 0.37
R His 0.24 0.20 0.21 0.30 0.23 0.32
KRR Arg 1.30 1.16 1.23 1.85 1.37 2.00
2 Pro 0.28 0.25 0.25 0.34 0.27 0.35
R 2 LR Umami amino acid 2.77 2.64 2.75 4.12 3.13 428
FITRZ LR Sweet amino acid 2.12 1.79 1.80 2.56 1.96 2.69
TR Z LR Bitter amino acid 4.25 3.70 3.85 5.59 4.22 5.90
FFEWISEIERR Aromatic amino acid 0.67 0.56 0.57 0.79 0.60 0.89
DT A R B
Total content of essential amino acids 333 271 284 399 3.06 414
A b7 2 R A
Total content of non—essential amino acids 636 269 587 8.65 653 919
AR A
Total content of aming acide 9.71 8.46 8.70 12.64 9.59 13.33

* RN E IR

* Indicates essential amino acids.
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RELMAERETEAFT LR MBS is , LEENEREXR IR LELGTNNS . A
FeS A AR S AE R R E PRI Zn TR & R S SR e RS 82 d B R IS, il
34.43 mg/100g F1 14.07 mg/kg, 2 J5 PICE & B AE 102 d I3 F A1 28.30 mg/100g, 112 d B s L 2 %
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JCE S G R LS 82 d i B i i i M 556.36 mg/100g, 22 J5 B K B, 2 123 d iR FE 2 K (E
257.96 mg/100g, Jii X AE 133 d T} 2 411.75 mg/100g., Mg Fl Fe JC K & R4 S ol — 16— 1) A8 Ak a3 74K
J&i 82 A& 43514 106.25 mg/100g F16.82 mg/kg, Z 5 Mg TLZAE 102 d T [ 2 5 fIK{H 76.61 mg/100g, Fe I
FAE92 d FFERE5.71 mg/kg, BE)G —FHITEAE T 112 d I B K 2 5 107.86 mg/100g #119.10 mg/kg.
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BUORE , ALE 25 A TR AR B R WS A AR, P Mg Ml Zn JTC R F I TEAES 112 dEFR
WA R B E K, H R Mg il Fe JTUER & it ih Bl e S8, Ca TR & AN A R o AT L, 2o RRIOR
FITH BB TR B2 A6 112 d 2 5050 0 35 R 20 e dd i

®5 TE4EBPRICTRTESED

Tab.5 Changes of mineral element content in walnut kernel at different growth stages

VAR

Days after flowering P/(mg-100g™) Ca/(mg-100g™) Mg/(mg-100g™) Fe/(mg-kg™) Zn/(mg-kg™)
82d 34.4320.97% 556.36+11.89° 106.25+1.88" 6.8220.92" 14.07+0.23"
924 29.49+2.12° 409.79+8.34" 84.12+2.93° 5.71+0.91" 10.79+0.23"
102 d 28.30+1.03° 375.44+14.98° 76.61+0.24" 6.30+0.47" 11.22+0.21°
112d 33.80+1.07" 378.63+12.20° 107.86+1.00" 9.10+0.18" 13.4720.25"
123 d 34.98+0.94" 257.9622.00" 98.69+1.12" 5.37+0.85° 13.12+0.79°
133 d 36.59+1.91° 411.75+12.18" 100.55+1.59" 6.48+0.62" 14.7420.65"

* TR AL R IR

* Indicates essential amino acids.
24 AEEBHHBEMRIGERRERT D

TE R 53 BT 5 1 AR A A SEARL R SRR 224 i b e o 2 5% AR A5 A R JLAS AR ST Y
ZES bR AT 2V OC R AR A LA R E AT ARR IOk 2 BRI AR Y 2 25 B, PR LT 25 BTk R
R, TR 2 PR BRI TSR G5 48 L 10T R R 25T N T AR A BT Y R A
B, AN 6 M 7 Bron , AR 52 33 30T A 48 b AT E 8 a0 A, SRR BT 44 TRy, U5 22 B
FTTHR AR5 2 98.437% (>85%) , 2% AT A AE(E 4 >1, R WX 44 E T2 1 33 Widebn iy 245
B AT R R AN SR SR [ A B2 G B S gy o P AR 1 N O 25 TRl 44.281% , E
BELEE T RSN AR | AT R IR R S AR AR L 2 R A MG R SO B 2 BN B 5 2 B T 22
TTRR AN 30.762% , 4045 8 15T % 2R Z AL TR SR 46 b+ 55 3 F 0 J7 28 BUBR RN 16.977% , A (HAL K
(A R T2 B SR AT YA NG O R Mg P Zn %5 5 50 4 R0 05 22 5Tk R N 6.416% , T B N JE
B SO AZAR R TR SE R o B E TEAEL O U B A8 b 0 32 T 0 Y A [ S R O, B 2, A
(ELSAUFL A O  7 1] 52 R BOK

x6 ETHOMFLEE.FERHEMB T HFERBKE

Tab.6 Eigen value,contribution rate and cumulative contribution rate of principal component

F sy LRENR(E] Ti 2E TR % EYAVIE i e
Principal component Eigen value Contribution rate Cumulative contribution rate
PC, 14.613 44.281 44.281
PC, 10.152 30.762 75.043
PC, 5.602 16.977 92.021
PC, 2.117 6.416 98.437

Y, Y, Y, Y A0 4 A, X, X, L Xy, X, 20 R 26 33 T00 St AR A, 1t 36 7 P 4538 bR
S RBRIER Y, Y, Y, Y, Rk R R IA PR ¢ V,=0.022X,+0.06X,+0.046X,+0.058 X ,+0.054X +0.051 X+
0.049X,+0.053X,~0.057X,+0.065X,,+0.057X,,+0.066X,,-0.013X,,+0.02X,,+0.052X ,+0.012X . +0.025X,~0.082X .+
0.069X,,+0.087.X,,—0.093X,~0.002X,,—0.032X,,—0.021X,,-0.006 X,.~0.03X,,~0.02X,~0.03 1 X ,+0.004X,,—0.088 X,
0.027X,,~0.059X,,~0.019X,,, [F1FH , /3 3 H Y, Y R Y, o T2 I LL 44 35 5040 Rh I 4 7 22 SimkR (K 6)
A AN R AE B AR S0 S B2 (25 B A5 0 () T BRI : Y=44.281%Y ,+30.762%Y,+16.977%Y ;+
6.416%Y,, Z5 R W3 8. 4 Y N T I FIALE G it BUIR T 3KF B2 8 TE B 3 7K0F , HOE (AR
KA. 45K TEAE )T 82~102 d MRS 73 Yo B, i BsdIR, A6 )5 112 d 2056 ik, ok
#0.53 43, i TR L 133 d A B 543 0.57,
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Tab.7 Principal component score coefficient matrix and load matrix

PC PC, PC, PC,
AR Indicators R OAM RE RN RN R RN A
Coefficient Load  Coefficient Load Coefficient Load Coefficient Load

JE
ki . 0.022 0.391 -0.043  -0.149 0.049  -0.101 0.432 0.903
Sensory quality (X,)
2 A

ﬁ%#jfj: J{E ) 0.060 0.900 0.028 0.177  -0.095  -0.347 0.020 0.121
Three diameter mean of green fruit (X,)
i AR
BR = . 0.046 0.803 0.056 0.544  -0.061 0.025 -0.136 -0.236
The average three diameter of nuts (X,)
I

! %ﬁi . . 0.058 0.925 0.022 0.36 -0.034  -0.037 0.028 0.105
Fresh weight of green fruit (X,)
IR LEE T Fresh nut weight (X)) 0.054 0.867 0.006 0.436 0.027 0.233 0.023 0.062
IXHLFH Nut dry weight (X,) 0.051 0.815  0.007 0.465 0.035 0295 -0.011 -0.016
Bf i

0.049 0.866 0.063 0422 -0.109 -0.265 -0.031 0.012

Fresh weight of walnut kernel (X,)
&4441% 0.053 0.844 0.027 0.486  -0.013 0.157  -0.090 -0.158
Dry weight of walnut kernel (X,)
7K # Moisture content (X,) -0.057  -0.791 0.021  -0.386 -0.076  -0.446 0.071 0.160
H 1% Kernel rate (X,,) 0.065 0.955 -0.002 0.209 -0.022  -0.080 0.072 0.196
12172 Diameter kernel rate (X,,) 0.057 0.913 0.030 0.266  -0.075  -0.249 0.055 0.182
g Fat (X,,) 0.066 0.867 -0.028 0.309 0.063 0358 -0.074 -0.154
I Protein (X,,) -0.013 0.350 0.139 0.839 -0.120 -0.116 0.024 0.098
AR Soluble sugar (X,,) 0.020 0.408  0.016 0.588 0.077 0.584 -0.115 -0.274
L J5HE Reducing sugar (X;) 0.052 0.806 0.048 0.157 -0.139  -0.499  -0.023 0.047
P Tannin (X,,) 0.012  -0.006 0.039  -0.390 -0.204 -0.852 -0.216  -0.349
HME Fructose (X,,) 0.025 0.268  —-0.088 0.209 0.234 0.937 0.067 0.040
PR Palmitic acid (X ;) -0.082 -0.942  0.053 -0.038 -0.040 -0.152  0.087  0.160
i JJEI2 Stearic acid (X,,) 0.069 0.924  -0.046 0.189 0.077 0.288 0.078 0.164
TR Oleic acid (X,,) 0.087 0988 -0.075  -0.087 0.058 0.123 0.005 0.030
WAIMER Linoleic acid (X,,) -0.093  -0.954 -0.100  0.266 0.049 -0.137 -0.096 -0.025
JEJFRIZ Linolenic acid (X,,) -0.002 -0.512 -0.100  -0.819 0.049 -0.103 -0.096 -0.224
WO LR
Total content of essential amino acids -0.032 0.060 0.110 0.926  -0.008 0.373 0.005  -0.007
(X,,)
BEER D
AEMER ) . -0.021 0.208 0.110 0.925  -0.022 0.316  -0.001  -0.008
Total content of amino acids (X,,)

v g A A
ﬁ%%%ﬁ& ) -0.006 0.378 0.100 0.882 -0.024 0.268 0.022 0.049
Umami amino acid (X,,)

g = 2y
Eﬁﬂ*%%@& ) -0.030 0.087 0.113 0931 -0.016 0351  -0.009 -0.032
Sweet amino acid (X,,)
e /:‘% 23
ﬁ,%ﬂ ,M ) -0.020 0.220 0.111 0926 -0.024 0.307 0.001  -0.003
Bitter amino acid (X,,)
o ik A HL i
ﬁ%ﬁ%% ii& ) -0.031 0.075 0.127 0.947  -0.045 0.275  -0.069 -0.146
Aromatic amino acid(X,,)
P (X,) 0.004 0.106  -0.012 0.482 0.137 0.790 -0.137  -0.357
Ca (X,) -0.088  -0.945 0.096 0.253  -0.07 -0.062  -0.077 -0.178
Mg (X,,) -0.027  -0.196  -0.010 0.472 0.170 0.838 0.069 0.045
Fe (X,,) -0.059  -0.225 0.091 0.655 0.009 0.179 0.349 0.699
Zn (X,,) -0.019  -0.069 0.026 0.613 0.103 0.717  -0.105  -0.287
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Tab.8 Comprehensive score and ranking of fruit quality in different growth stages of ‘Lipin No.2’

82 -1.761 -0.241 0.841 -0.345 -0.73 6
92 -0.312 -0.616 -1.149 -0.245 -0.54 5
102 0.246 -0.484 -1.173 0.494 -0.21 4
112 0.101 0.997 0.425 1.663 0.53 2
123 1.211 -1.108 1.184 -0.242 0.38 3
133 0.514 1.451 -0.127 -1.324 0.57 1

3 #
31 SHREEkmREATR

I FEAN R A & TRk i A s 19 3 2528 A T A BB A B R, i — 20 ol R BFE
SRR AU B, T R RS AR (A T AR R | SRR T R AR TR AR AR S
R AR £ 51 S 3 O R AR A A A T A A, K 5 AR P O Y B P A 4 M X O A bk i
AR A RE S S R A S A T AT I 2Rk 3 AL RSN UL AR AR L . R A R SRS I
AN FL Al SRR AR AR by BOCRE AT B e B R Nl B i B 1 (5 B 3 B O B 1 sl s 2
X = IR AR AT TR R0y, 3 5 PUIFIRAF LI AN 7] gk v A2 T 5 X e S A MR i B IR
X 2 I 0 g 8 S o A R e T A B DK R O T i e S O PP — 2 (EAI IS SRR TR, 1Y
SR BEAR S A K R B P A ol ORI I BRI, — R A e o AR R K
Sr U R AR A R A S B0 AT RE AL LR, ARk R T SRR BT B LR PR U BT RR AR 5
G AR S B R ¥4 R s AR T P AN [ Sl B R (52 LRt A TR L, Ry Rk
SRR 301 it DA ) PR, AT R T AN ) A 8 WLRAE S 1 R AT Ry it S o 5 5, I 1
FERRUCRAES S PERITA TR — SR S O T PP 4 R Rk 5 B

AR B IR & BB IR B T RS AR E i K X 5 R SR AR — 2
ATEPERE AR S A A T A R R, AT R A I SR I T AR A 1, Z R B A R R D
T i, 35 BRFS IR TS i A A S S0 P R i L SR TS R R A A B, B R S
JSCE , AT REE 1 — S RGN T T RIS B 7oK, SOOIy ot S M B ™, 2 A A — S Y
PN B IBORARI R , R 4 A i s P B 21 10 o ] g SR SR I — 2 O RITEE , JEME T AT AS e R ™ 5
TR F 0 P A8 I T A A S M R A, R IR I Tt PR R I JRR IR AR S22 T R 3, 3k 5 ) SCR ™ Y ot
FEA RIS, AT B SRR S AT AR B ey 5 ) ST R AT SRR, R A ST AR B Tk UK 5 97 I
S AR BT BT R Oy AR S 2 E TR AR O A £, o P Ca M Zn TR &
5 IS, Mg Ml Fe I 3R 75 f2 B VA 52 Dol — 8 — ) A8 A 34 i S 125 " ) SR MAC B i) T A 24 T 2R S0
B IR T o
32 SHREBHEREEIHE

RMEAZA A7 o G FEE AT SRR B LS M A it B R I 2R R SRR T TR
JEE T B0 5 o R TR LA B R 5 B AR 2 5 JA W 2R S s R, oo o A Wk BRI
(EL G EA WS A SR S AR B T S AWk SR A T ARt P, 1 T S A W e s SR S R 2 440
BRI BV R 5, RS 4 2 AR TR 1857 R T 27 Ak (¥ MR iy A 11 ST RN I 5 A 43 )
FE8 AL HZEI9H S HAMOH 30 HZE 107 S HIWIA] ik S0 (A s i 7K, A S PR Ak Y fiadh SRl
W] E SIS PR MO 5 5 AT BT ASIR], 23 B e AR i) il Bl B AL — 281 B AR
BB FSOMIAR I 258 TR 9 AR 3k UG, (ELT 93 RO 2 R BE R ™ IR , S e M R M) e 1 o 5 22
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ARG, ALED 25 BEE AR AR IR R R A TR )T 123 d iR R E(E , A
JT TV TERE SR A LR PR Zn TR 5 & mFEAE )T 133 d IR BIEAE, ML )5 123 d £ 133 d AT /E R
T AR R 3E SR . (B UL S T AN R R B AR 133 dBE AL B R B R ES
WA 54550 5 FE A AN S O~ 78 R L Al b I8 i B SR AR A3 25 I 3, S 80H:
1R AL B T [, XU AN S T MR A o IR, AS B T JE 31 B 3 X BE Bk A A R TR oK . RO E R B
HHA (AR 112 d) BB R Rz ) B R AR A & At L B & ELRE TR0k , 27 B 19 o0 e ey, Ik
B i R B AR KV BLAEAE IS 112 d i, 75 SRR IR = AR B | U SR o 0+ A M AR Ak H
BERAR , FM W B 2 38 B A A s T 43 B SR o an A L e RO AT S A PRI ER IR (P Mg Al Zn JT
RS EAANS 112 d B4 BB I % 0 BOZ S R0 B s F R A 0, SR e, & R8O SR
T o WPARTE)AE T HAAZ M SR S i 5 114 32 B o0 A AT & SR B, BRFEAE TS 133d RIS 52 58 U i 45 0 e i
112 d BS540 5 G i R R B m kP o 28 1 AES 112 d 2 ALk 25 fif A% Pk
T ad SR

e AL, AT I AE B 18] Ay A6 B 2 DL 4 50% 19 ME AE A Sk ik BT 2 030 s 4] o o X B i
ALt 25 A BREAL I A T 34 AU K B, 2020 4F 2 4 A 6 H ,2021 #120224F 84 H 4 H ,2023 44 4 H
2 H o AR PE S b At B SRR B0 AL 2 57 2020—2023 AR MEAE B4 9 4 H 18 H 4 16 H 4 H
17 HA4 H 16 H o B R A2 38630 & A 1 TR 7 ] — b DX A AR A0 AH 25 R R (ER R SR 15 XA 22 5%«
PRI , ZEAN [ Rk 5 DXt T A6 J R BCRATE Ry SR MACERE (] F T I 5 R b2

4 & it

AEJE 112 dIF, SO ah IR BB, RS2/ IR AR E B E i 28 B PR A a0 d sy, 1R
T A JETTR A s B R BN IR TR SRBE IR (P Mg M Zn JUER A U AR R IR B AL
Ko Haz 3o Ak AN R A2 B 2R G dh B 4 R R 4B S 112 d 15133 d I i e 04K
g C R R b, 4B 112 dJ2 AL 245 SRR AR RS RO fEE r L X T 7 A 25 H S
A, FDWAFAE A 5e R BE AR IS € P 6 3 0 838 (8, ] D SRACR B B kAR (I L4 g ]
AT BN WA
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