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Evaluation of impact bruise susceptibility for green banana
based on pendulum impact test
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Abstract: [Objective] This study was aimed to evaluate the effect of nodes within a green banana bunch
harvested in suitable period, inner and outer row layers nested in nodes, fruit finger surface area and impact level
on fruit impact bruise susceptibility, providing references for targeted protection to ensure fruit finger quality in
subsequent production and handling processes. [Method] Nested, one-way and orthogonal experimental
designs were combined with one-way and multi-way ANOVAs to determine the factors and primary-secondary
relationship that significantly affect the bruise susceptibility of fruits. A pendulum impact bench was designed
and constructed to carry out the impact damage test on fruits. The bruise susceptibility (bruise volume per unit

absorbed energy) of fruits was calculated based on measuring bruise volume and corresponding absorbed
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energy. [Result] The results of the nested test showed that the nodes within a banana bunch had no significant

effect on the bruise susceptibility while the row layer nested in nodes had an extremely significant effect. The 14

levels of the row layers nested in nodes could be divided into four groups according to the results of multiple

comparisons analysis. The results of the one-way test showed that fruit finger surface area had highly significant

effect on the bruise susceptibility which was in order of near fruit apex >fruit middle >near fruit pedicel. The

bruise susceptibility increased with the increase of impact level. The results of the orthogonal test showed that

the order of the factors affecting fruit bruise susceptibility was impact level > growth location> fruit finger

surface area. [ Conclusion] The impact bruise susceptibilities were significantly different between inner and

outer row layers nested in nodes within a banana bunch, and among different fruit finger surface areas.

Key words: green banana; mechanical damage; bruise susceptibility; growth location; fruit finger surface area
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Fig.2 Schematic of the pendulum impact test device
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Fig. 3 Illustration of bruised banana finger in different
sections
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Table 1 Nested test factors and levels
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Fig. 6 Illustration of the impact zones on a banana finger
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Table 2 Orthogonal test factors and levels

7K Level HE KA B (B') Growth location 453K 1 [X 48(C) Fruit surface area 7K (D/T) Impact level
1 B, 1 H AP Near fruit pedicel 7KF (0.52) Low level
2 B, ¥ Fruit middle H7KF- (0.88) Medium level
3 B'; T RT3 Near fruit apex = 7KF (1.17) High level
4 B,
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Table3 Multiple comparisons of average bruise

susceptibility of banana finger at various growth

positions
Eilpits Ak
B2 5i(A4) HZ[B(A)] (em® ™)
Node Row Bruise
susceptibility
HHi4,) HMHE[B (4),] Outer row  1.06 + 0.03d
The firstnode v (4) ] Innerrow 134 0.08a
EB2Hi(4,) SMHE[B(A),] Outer row  1.07 + 0.09d
Th
e secondnode pp ) 1 nnerrow 1314 0.07a

H3(43) SME[B(4);] Outer row  1.15 £ 0.07bed
The third node WHE[B,(4);] Inner row 1.31 £0.07a
HAk(A4y) HNHE[B(A)4] Outer row  1.19 + 0.05abed
The fourthnode v g (4),] Innerrow 132 % 0,09

B 5Hi(As) AME[B,(4)s] Outer row  1.19 + 0.16abced
The fifthnode e (4)] Tnnerrow 1324 0.07a
Hohi(4g) HNHE[B(A)g] Outer row  1.13 +0.10cd

The sixth node

WHE[B,(4)s] Inner row 1.21 £ 0.02abed

BERi(4,)
The last node

HNHE[B(4);] Outer row 129 + 0.08ab

WHE[By(4)7] Inner row  1.22 + 0.07abc
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(P<0.05, Duncan’si%)

1) The impact energy is 1.17 J; Impact position is the finger
middle; Data in the table are means+standard deviations;
Different lowercase letters in the same column indicate

significant differences(P<0.05, Duncan’s method)

SRS A 0 ot 2R o AR O, LA A MU S, X
AR aEe 45 B2 —EU .

22 BERRAE

2.2.1  RI5RE R IRAT AR FAG AR 69 7 e
R SR 2 T DX SOnT A5 1 R R 2 e, DA SR A
) AT 30 43 v L AR K T ) S TR R Y 3 AN X, o



106 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

42 B

S E A SR S SR AR TR AR A R T, AR OK P
(0.52 7y [ oy RE B AH [R] 22 A B 10 A AR EAT Al
fi, RRR I X R Z IR 4 R W & 7 B

0.70

a
0.60 | b T
[ b
== 050 T T
g2
= 2040+
# g
2 030f
® g
K 3 0.20
X @
0.10 |
0 N vy o N ity
I A o R I S Th vty
Near fruit Fruit middle Near fruit
pedicel apex
HFR R I X 3

Fruit surface area

M AE R 0.52 ) BT LT MARVNG TREOR Z R B ¥ (P<0.05,
Duncan’s %)

The impact energy is 0.52 J; Different lowercase letters on bars indicate
significant differences(P<0.05, Duncan’s method)

E7 SMEFERERETEREXBRGHRMY
Fig. 7 Bruise susceptibility of different surface positions of
the banana finger in the outer row
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Table 4 The scheme and result of orthogonal test

% ARAEB) REREOXEC) =5 hdEkro) =5 BB (em™ T
No. Growth location Fruit surface area Null column Impact level Null column Bruise susceptibility

1 4 3 1 1 1 0.52

2 4 2 2 2 2 0.84

3 4 1 3 3 3 1.16

4 4 3 4 1 4 0.53

5 3 3 2 3 4 1.19

6 3 2 1 1 3 0.53

7 3 1 4 1 2 0.48

8 3 3 3 2 1 0.97

9 2 3 3 1 2 0.57

10 2 2 4 3 1 1.18

11 2 1 1 2 4 0.93

12 2 3 2 1 3 0.52

13 1 3 4 2 3 1.03

14 1 2 3 1 4 0.54

15 1 1 2 1 1 0.50

16 1 3 1 3 2 1.37

ky 0.76 0.77 0.84 0.52 0.79

ky 0.79 0.77 0.76 0.94 0.82

ks 0.80 0.84 0.81 1.23 0.81

ky 0.86 0.80 0.80

R 0.10 0.07 0.08 0.71 0.03
X & #E%1 Sequence of factors D>B>C

1): ky~ky 27 AR AE A BB R B B F Ao R T8 EAe P M, RAMZ
1): k,—k,4 are the total average value of bruise susceptibility under different factors and levels, R is range
RS EXREFED
Table S Variance analysis of orthogonal test
s i RETHM  TRET A |
o Degree of Sum of squares Sum of squares of F P
Source of variation
freedom of deviations mean deviations

HE KA E (B") Growth location 3 0.11 0.04 7.37 0.00%*
RAGRIAX $H(C) Fruit surface area 2 0.09 0.05 928  0.00%*
i ZKF(D) Impact level 2 7.12 3.56 724.12 0.00%*
7% Error 72 0.36 0.01
SN Sum 80 59.31

1) “*” £ 2 E MK B P<0.0149 K -F

1) “**” indicates the significance at P<0.01 level
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