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Study on the physical and biological properties of winter jujube fruit
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Abstract Physical and biological properties of winter jujube in different maturity stages were studied in order to
achieve mechanical selective harvesting. The results showed that: The density of winter jujube (902. 15,911. 68 and
947.06 kg/m®) was increasing from under maturity to crisp maturity stage. The firmness (17.26,16.24 and 13.9 kg/cm?)
was decreasing from under maturity to crisp maturity stage. There were significant differences between density as well
as hardness of crisp ripe fruits and that of white ripe and under ripe fruits. The detachment force between stem and
branch is larger than that between fruit and stem,and both of them were decreasing as the fruit ripening. Therefore, the
fruit detachment occurred at the location between stem and fruit under vibration harvesting. There was a significant
difference in the detachment force of fruit and stalk between the white ripe fruits and the crisp ripe fruits, which indicated
a possibility of selective mechanical harvesting. The compression curves of white ripe and crisp ripe fruits changed with
a similar trend that both have not the bioyield point. The average maximum rupture force of white ripe fruits (145.77 N) was
significantly greater than that of the crisp ripe fruits (128.95 N). The elastic modulus of the white ripe fruits (2.09 MPa) was
slightly larger than that of the crisp ripe fruits (1.89 MPa). There was no significantly difference among elastic modulus. Before
fruits rupture, linear function can be used to express the relationship between force and deformation.
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1. Press frame; 2. Rotation handle; 3. Force gauge; 4. Upper
fixture; 5. Fruit; 6. Lower fixture; 7. Digital fruit sclerometer;
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Fig.1 Sketch mapfor measuring detachment force (a)

and firmness (b) of winter jujube fruits
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Table 1 Value of radius constant K for various 0
0 80 70 60 50 40 30 20 10
K 1.342 1. 316 1. 267 1. 201 1.116 0.984 0. 828 0.586

TE 0 S SG ESR e s Y 2 A E MR Y 0= arccos[ (R—R") /(R+R)]

Note:@ is calculated using the radii of curvature of contact point,f=arccos| (R—R")/(R+R")]

2 GBRESH

EEZIMMESHHNES R
ANTR] S 3 A AT R S W) B 2 R G 2 R L

2.1

Fe 2 R B L PR e O R B Bk
11.06.15. 00 F1 15. 32 g, A B3 L 52 i o b /N F
F1 200 R 00 SR S T L P A R S R i B SR
SRS W TE (R

R2 EXESHRBUEER

Table 2 Mechanical parameters of winter jujube

Parameter Under ripe stage

2
White ripe stage

e #4301

Crisp ripe stage

JiiE /g Mass 11.06(4.76) a
K /mm Length 26.76(4.54) a
$&/mm Width 28.05(4.04) a
J=/mm Thickness 26.72(3.86) a

%/ (kg/m’) Density

fifi ¥ /(kg/cm®) Firmness 17.26(3.15) a

902.15(117.06) a

15.00(3.92) b 15.32(4.47) b

29.52(3.65) b 28.42(3.97) b
31.18(2.94) b 31.14(2.90) b
29.79(2.98) b 29.60(2.88) b
911. 68(66.46) a 947.06(99.29) b

16.24(4.19) a 13.9(2.61) b

T R P RAE I O M 65 ORI 22 . R A B AT A IR 5 B R 0. 05 KPR H 25

Note: Values are average and numbers in brackets are the standard deviation. The same in the following table.

Same letters in each row represent no significant difference at 0. 05 level.
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Table 3 Detachment force test result of winter jujube
2 AR EE2 ] Jife 2439

Parameters Under ripe stage White ripe stage Crisp ripe stage
R H A/ mm 1.45(0.41) a 1.50(0.42) a 1.33€0.37) b
Diameter of stem
AR/ mm 7.24(1.99) a 7.19(1.57) a 9.36(2.48) b
Length of stem
W5 B A5 /N 4.12(0.68) Aa  3.97(1.09) Aa  3.42(1.10) Ab

Detachment force between fruit and stem

BB AW 28 1 /N

Detachment force between stem and branch

5.41(1.12) Ba

5.16(1.30) Ba 4.96(1.55) Ba

T AT AR /NS 58 RN 7E 0. 05 /KT R 35 P22 5 RS AR R R 5 5 B R 0. 05 KV LR B EEESR .

Note:Same lowercase letters in each row and same capital letters in each column represent no significant differences

at 0. 05 level.
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Fig. 2 Force-deformation curve of winter jujube
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Table 4 Compression mechanical parameters of winter jujube

A eI /N ALK&/ MPa W BARNS AR TE / %
Maturity Rupture force Elastic modulus Relative deformation
S| 145.77(26.49) a 2.09(0.43) a 22.22(3.06) a

White ripe stage

e 1A 128.95(17.70) b

Crisp ripe stage

1. 89(0.55) a

25.62(4.50) b

B R F R R R 0,05 K B EEESR.

Note: The same letters in each column are not significantly different at 0. 05 level from each other.
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