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Mechanical properties of walnut and damage of its
kernel pellicle under compression load
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Abstract;In order to provide a reference for reducing the damage of walnut kernel pellicle during
mechanical shelling, uniaxial compression tests were conducted on whole walnuts (in — shell) and walnut
half — kernels under different loading directions and speeds to investigate their force — bearing behaviors
and kernel pellicle damage under various loading conditions. The results showed that the loading direction
significantly influenced the peak compression load and kernel pellicle damage area for both whole walnuts
and walnut half — kernels. Specifically, for whole walnuts, the peak load required when compressed along
the longitudinal diameter direction was markedly higher than that along the rib diameter or transverse
diameter directions. For walnut half — kernels, the peak load under compression along the thickness
direction was significantly greater than that along the length or width directions. Compression along the
transverse diameter direction of whole walnuts caused substantially less kernel pellicle damage compared
to the longitudinal and rib diameter directions. The smallest kernel pellicle damage area occurred when
compressing the front region of the half — kernels along its thickness direction. In conclusion, during
actual production, force should be applied to whole walnuts along the transverse diameter direction as
much as possible to minimize kernel pellicle damage.
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Fig.1 Dimensions of whole walnut fruits and walnut half — kernels
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Fig.2 Front part, middle part and rear part of

thickness of walnut half — kernel
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Fig.3 Dimensions of whole walnuts and walnut half — kernels
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Fig.4 Relationship curve of whole walnuts

deformation and compression load
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Table 1 Peaks compression load of whole

walnuts under different loading conditions
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AR ks A

X [SY=VIN
Jit] (mm/min) REA 1 BEAR 2 REA3 BEARA EXH S
FEAS 1 FRAR2 FEAR3 FRA4 F3HME ot
10 125 280 225 150 195.00
20 165 155 140 200 165.00
ERE
o 30 285 310 215 150 240.00 184.05
40 183 190 150 195 179.50
50 170 150 123 120 140.75
10 210 225 175 164 193.50
20 90 155 214 120 144.75
LA
bee 30 140 104 155 105 126.00 150.60
J7 1)
40 175 125 98 140 134.50
50 180 165 152 120 154.25
10 150 94 181 145 142.50
20 240 146 128 161 168.75
1A
B 30 165 92 219 205 170.25 153.25
75 1]
40 170 150 100 112 133.00
50 115 197 108 187 151.75
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Table 2 Analysis of variance for peak

compression load of whole walnuts

5 ZEARUR SE A0 HEEE ¥5/10° FE pfE
B IERET 5.11 14 3.65  1.949 0.046
T IT 1 (A) 1.38 2 6.92  3.693 0.033
TN#HE R (B) 1.01 4 2.55 1.362 0.262
THAEH(AB)  2.71 8 3.38  1.807 0.101
PRI 8.42 45 1.87
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Table 3 Multiple comparisons of peak load of

whole walnuts in different loading directions
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Fig.5 Schematic diagram of the surface of

walnut half — kernel

2.2.2 MR RB RS JE D
BkFA= IR TP -5 BF s 2800 1) 56 2 i R DL

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

AR JE it /mm

E6 BEFCHERESHFERTHNXRME
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deformation and compression load
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Table 4 Peak compression load of walnut half — kernels in

different loading directions

REA B A W (/N

S KB Oy R RS RS
1 40 55 80 75 65
2 45 40 50 115 70
3 30 50 120 90 165
4 30 60 90 70 25
5 15 60 140 120 150
6 15 35 110 50 135
7 30 50 60 60 45
8 15 55 120 50 105
9 20 60 180 25 130
10 15 65 45 145 100

FEYME 25.5 53.0 99.5 80.0 99.0

FE 4 AL AP AR T R R
JEEJSE R JEE R I i T 5 s BN A 5 T 48 fo e (-
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Table 5 Analysis of variance for the peak compression

load of walnut half — kernels in different loading directions

FERWE FEorf10t ABE HE/100 FE pfl

48] 4.07 4 1.02 9.051 <0.001
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Table 6 Multiple comparisons of peak compression load for
walnut half — kernels in different loading directions

INETTIE NI P 95% H.fr X [a)/N

a0 ma-nN PR Ty e
e -27.50  0.07  -57.70 2.70

. JERFHRES -74.00 <0.001 -104.20 -43.80
KIErm JEEFRIES -54.50 <0.001  -84.70 -24.30
JEEEH -73.50 <0.001 -103.70 -43.30
KEHFE  27.50  0.07 -2.70  57.70

. JEEE I -46.50 <0.001  -76.70 -16.30
RN (opesim 2700 0,08 5720 3.20
JEEFEES -46.00 <0.001  -76.20 -15.80
KEEJi 74.00  <0.001  43.80 104.20
—— SERETI 46.50  <0.001 16.30  76.70
JEERE 19.50 0.20  -10.70  49.70

JELBE S5 0.50 0.97 -29.70  30.70

K i 54.50  <0.001 24.30  84.70

vy JUBEJFED27.00  0.08  -3.20  57.20
L JEEPE -19.50 0.20 -49.70  10.70
[EEE® -19.00  0.21  -49.20  11.20
K 73.50  <0.001  43.30  103.70
e 46.00  <0.001 15.80  76.20
Gl JEREEREE -0.50  0.97  -30.70  29.70
JERFRTES 19.00 0.21  -11.20  49.20
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Table 7 Kernel pellicle damage area of whole
walnuts under different loading conditions

B A Y
R AR ERHTE
Jil (mm/min) A1 BEA2 REAZ BEA4 EHE

T

10 86.82 56.33 124.63 116.44
20 101.97 213.87 98.09 137.53 137.86

96.05

Zﬁ’}\ﬁé 30 142.81 131.72 145.67 83.83 126.01 109.86
) 40 88.60 106.99 82.65 64.78 85.76
50 110.60 95.77 96.56 111.60 103.64
10 137.86 105.67 116.14 91.26 112.73
B 20 65.18 116.46 120.11 77.79 94.88
;;&T 30 116.11 88.93 93.68 71.85 92.64 108.27
40 188.28 50.99 110.57 152.51 125.59
50 187.10 91.00 93.22 90.72 115.51
10 79.63 57.76 36.38 40.42 53.55
. 20 89.99 64.72 31.04 58.00 60.94
;’fﬁ 30 74.35 29.86 75.56 47.41 56.79 58.07
) 40 27.35 72.78 54.35 65.22 54.93
50 52.41 68.91 65.81 69.37 64.12
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Table 8 Analysis of variance for kernel pellicle damage
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Table 10 Pellicle damage area of walnut

half — kernels in different loading directions

area of whole walnuts under different loading conditions FEA Folt 2 5055 18 B/
HERR SEHAA10Y BHE HA00 O FE pfE i KBTI SERETIA SRS R S
B IERER 4.56 14 3.25 3.439  <0.001 1 139.07  52.50  171.70  49.72  87.98
mER Iy (A) 3.47 2 17.30  18.310 <0.001 2 109.92  93.54 98.28  68.76  60.21
TN#HEE (B) 0.86 4 2,20 0.228  0.921 3 69.63  126.10 90.09  63.94  55.05
LA (AB)  1.00 8 1.26 1.326  0.256 4 98.18  85.76  199.23  56.64  55.31
W 4.26 45 0.95 5 71.79  61.70  237.95  62.37 130.61
i 8 T JNTF 0001, %4 6 62.19  47.06  243.87  47.25  60.77
BRI 5 bﬂigfm 8 p /T 0 oofjk 7 107.65  91.37  148.04  59.25  81.58
© ) ’ 8 94.63  78.78  128.12  29.50  62.54
VIR Ty 1) % Jist SR A% Bk ol Bz 463 475 18RRS4 ik 9 7780 97.05 24977  37.05  73.33
MG N8 0] 5 I #GE FE A BAE R p 10 85.97  67.61  136.06  35.98 232.82
IR T 0.05, UL —FE X R Fh Bz 8010 P89 91,68 80.15  170.31  51.04  90.02

TR A 3
N T B2 BN 1 X JERAZ AR B 3543
T AR RS, AN [R) 0 2875 1o b D 2R ARG 1) Ao B 4t
P AT 2 8 L, SR LR 9
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Table 9 Multiple comparisons of kernel pellicle damage

area of whole walnuts under different loading directions

g nEr FEEZEE

95% & {7 X ]/ mm’

(H
D W -y P TR ER
1% 1.59  0.870 -17.82  21.00
s B
W2 51.80  <0.001 32.39  71.21
» WAzJrm -1.59 0.870 -21.00 17.82
W
WAz J7m 50.21  <0.001 30.80  69.62
WAZF7 -51.80  <0.001 -71.21 -32.39
W
A2 G -50.21  <0.001  -69.62 -30.80

H1 9 W LAFE Y, W R A Ty 1] O Fof Bz 458 473 T R
SUYMETT 10 MBAR 5 1) 1 R R R 35 22 57 (p <
0.001) , H AT BBl Bt iR BE /N TR ¥ i

HI% 10 m R0, MG RO R VS R
P JEL B R | JELRE IS T 7 1] B L 14 el g 45 475 1T AR
SEAE 43 9 91, 68,80, 15, 170. 31, 51. 04,
90. 02 mm?,
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P7AE i, iz ] SPSS B il S A 7 5 1y 22
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Table 11 Analysis of variance for pellicle damage area of

walnut half — kernels in different loading directions

FERE FHFL00 AlE ¥iy/100 F{E pfE
2H [ 7.85 4 1.96  12.416 <0.001
AN 7.11 45 0.16

Bt 1.50 49

HIZE 11 R, AN TR0 207 1) 4108] 69 p {6/ T
0.001 , 15 WA 5 1) Xt A Mk~ Fof B 0 475 T B UA
RERW . T WA [R5 1 R A
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Table 12 Multiple comparisons of pellicle damage

area of walnut half — kernels in different loading directions

T mEdr FREEZEE 95% A5 X i1/ mm”

o wo d-pme PE T E e op
FEREJTI 11.54  0.520  -24.27  47.34
HREFREE -78.63  <0.001 -114.43 -42.83
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