
 

 25

�
 

Effects of Low Temperature Storage on Skin Blackening 

and Microscopic Structures and Antioxidant Enzymes 

Changes in Harvested Fruits of Japanese Pear ‘Shinsetsu’ 
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Abstract 

The goal of this research was to investigate the effects of low temperature on skin blackening and microscopic structures and 

antioxidant enzymes changes in harvested fruits of ‘Shinsetsu’ pear produced at Li-Shan area in central Taiwan.  Skin blackening 

revealed clearly after 2, 4, and 6 weeks storage at 1, 5, and 9 , and was heavily reduced the commercial value of fruits.  This 

physiological disorder was occurred only at skin region, the flesh tissue was remained normal throughout storage period.  It was 

found when storage temperature decreased; the blackening scald development in skin could extend to a greater extent.  It could be 

concluded that the physiological disorder in skin blackening of ‘Shinsetsu’ pear was a chilling injury induced by low temperature. 

To explore the physiological disorder in skin blackening disorder of ‘Shinsetsu’ pear, a microscopic observation on the 

free-hand cross-section of normal skin tissue showed regular arrangement, turgid shape, and transparent color of parenchyma cells 

in the cortex tissue.  In contrast, the parenchyma cells in cortex tissue of the blackening scald of skin were pinched to form 

heteromorphism, and turned into brown, which were considered as the causes or results of the skin blackening.  The results of 

paraffin section revealed the direct relationship between degrees of refrigerated temperature and the incidence and severity of skin 

blackening.  Mainly, parenchyma cells of cortex tissue are extremely susceptible to chilling.  Although blackening scald at the 

fruit skin tissue was made, it could not affect the collenchyma cells of flesh tissue.  These results revealed a relationship between 

chilling-caused skin blackening and the kinds of cells. 

The isozyme patterns of superoxide dismutase (SOD) and catalase (CAT) in blackening scald development of skin were 

studied after low temperature storage. In a native gel system, four SOD isozymes were detected in pear peel, but there were different 

isozyme types and activities in skin blackening tissue compared with normal peel.  However, only one CAT isozyme band was 

presented at all times in both skin-blackening and normal peels. The results indicated that oxidative stress may be involved in 

cold-induced peel damage of post-harvest pear. Normal fruit skin may be have a more efficient antioxidant enzyme systems. 
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Fig. 1 Symptoms of skin blackening disorder 
in harvested fruits of ‘Shinsetsu’ pear 
stored at 1  after 2 weeks. The bar 
represents 2.5 cm. 
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Fig.2  Changes in symptoms skin blackening 
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in harvested fruits of ‘Shinsetsu’ pear 

stored at 1, 5, 9, and 13  after 12 

weeks, respect- tively. 
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Fig.3 Changes in symptoms of skin 

blackening in harvested fruits of 

‘Shinsetsu’ pear stored at 9  after 4, 

8, 12, 16 weeks, respectively. 

 

(A) 

0
10
20
30
40
50
60
70
80
90

100

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Weeks

N
o.

 o
f b

la
ck

en
in

g 
(%

)

1

5

9

13

 
(B) 

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Weeks

A
re

a 
of

 b
la

ck
en

in
g 

(%
)

1

5

9

13

 X
4 
�̀��

´ � �,�-[ 1 � 5 � 9 � 13 ] 30 `
a�b���������������������t�� (A) ���� ��t�� (B) ����'�i  

Fig.4 Changes in percent of number (A), and 
area (B) of skin blackening in harvested 
fruits of ‘Shinsetsu’ pear stored at 1, 5, 
9, and 13  for 30 weeks, respectively. 
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Fig. 5 Microscopic structures in skin tissues of 
normal and blackening disorder by 
free-hand cross-section in harvested 
fruits of ‘Shinsetsu’ pear stored at 1  
after 12 weeks (100X). 

# � ���� �������������
$���%�&�'�(�)�*�+
����'



 

 33



 34

  (normal)                        (skin blackening) 

   

   

   

   
 XZ� ����

´ ��t�u �,�
[
Y � r ��wH�

Yzy
]
Y
^,`�a�b�� f ����������o����,�-������������ �!

�
��� ^��x� �¢¡i�£q¤¦¥�§�¨
©|ª~«}¤¬����,�®ª}¯°¤¬±�²,¨
©�i
Fig. 6 Microscopic structures in skin tissues of normal and blackening disorder by paraffin 

section in harvested fruits of ‘Shinsetsu’ pear stored at 1, 5, 9, 13  after 12 weeks, 
respectively (200X). P: parenchyma; F: flesh tissue; C: collenchyma. 
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Fig 7 Staining of SOD activity after protein 

was separated by native PAGE. 
Extracts were obtained from skin of 
fruit after storage at 1  for 12 weeks. 
Arrows identify the bands representing 
individual isozymes. The order from up 
to down is number 1 to 6). Eighty 
microgram of total protein was loaded 
into each lane. Lanes 1, 2, 3, 6, 7, and 
8 were normal skin of fruit after storage 
at 1  for 12 weeks; lanes 4 and 9 
were 40% skin blackening area after 
storage at 1  for 12 weeks; and lanes 
5 and 10 were 80% skin- blackening 
area after storage at 1  for 12 weeks. 
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Fig.8 Staining of CAT activity after protein was 
separated by native PAGE. Extracts 
were obtained from skin of fruit after 
storage at 1  for 12 weeks. Arrows 
identify the bands re- presenting 
individual isozymes. Eighty microgram 
of total protein was loaded into each 
lane. Lanes 1 and 6 were 40% 
skin-blackening area after storage at 
1  for 12 weeks; lanes 2, 3, 7 and 8 
were 80% skin blackening area after 
storage at 1  for 12 weeks; and lanes 
4, 5, 9, and 10 were normal skin of fruit 
after storage at 1  for 12 weeks. 
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