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Optimal Dimension of PE Film Bag According to Fruit Size in
MAP Storage of ‘Fuyu’ Persimmon Fruit
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Department of Horticulture, Miryang National University

Model for optimally dimensioned PE film bag was developed according to fruit size to maintain best quality of
‘Fuyu’ persimmon in modified atmosphere packaging (MAP) storage based on relationship between quality and
oxygen and carbon dioxide in PE film bag. Harvested persimmons were graded into five sizes, and average
weights were LL:261, L:217, M:188, S:168, and SS:154 g. Five fruit units of each grade were optimized in five
PE film bag sizes of 150�376, 140�357, 130�344, 130�333, and 120�318 mm. To minimize quality
deterioration such as softening and discoloration, optimal oxygen and carbon dioxide concentrations in PE film
bag were 0.5-1.0 and 6.0-8.0%, respectively, and optimal thickness of PE film bag according to fruit size were
LL:45, L:50, M:55, S:60, and SS:65 µm. For all fruit sizes, model for PE film bag area (mm2) was good
quadratic simple equation by fruit weight (g): Y = −4055.707 + 627.993X1 − 0.701X1

2. Model for optimal oxygen
and carbon dioxide (Y) concentration in PE film bag was suited to linear multiple equation by fruit weight (X1,
g) and PE film thickness (X2, µm). Equations for oxygen and carbon dioxide concentrations (%) were Y = 5.798 −
0.0109X1 − 0.0491X2 and Y = −2.427 + 0.01927X1 + 0.09646X2, respectively.

Key words: oxygen, discoloration, PE film bag thickness, PE film bag area, modeling

� �

‘��’ �� ��� polyethylene(PE) ��� ���� 0oC�
���� MAP(modified atmosphere packaging) ��� 1960�
� ��� �� ���� ���� ��(1,2). MAP ��� �
�� ��� ���� �� ��� �����, �� �� 	
� ���� �� ����� �� ����� ��� ���

� �� ��� ��� ���� �� � ����� ���

�� ��� ����(3,4).
�� � ��� ����� ��� ��� ���� ���

� �� ��� �
��. ��� ����, �� � �� 0.5-
1.0%� ����� 5.0-7.5%� �� ��� �� ��� ��

���� �����(5-8). �� � �� ��� �� ����

� ��� ��� ��� �� ���� ���� ��� �
���, �� ���� ��� ����� ���� ��� �
��� �� ��� ���� ��� ����(9,10). Kawada(11)

� PE �� ��� ��, �� ��, ��� ��� �� ��,
free-volume �� �� � ��� ����� �� ��� 	
�� ��� �
�� �
�. �� Lee �(12)� PE �� �
�� �� ���� �� ��� �� ��� ��� �� �
��� ����� �� ��� �� 	�� ���, ���

�� � ���� ���� �� ���� �� � �
��

� ����.
PE �� ��� ��� �� � ��� ��� ��� ��,

free-volume �� �� � �� ��� �� �� ���� �
���, ��� ��� ���� ��� �� �	� �� �
��� ����� 	 ���. ��� �� ��� ��� �
�� �� ��, ��� �� ��� �� ���� free-volume
�� �� ��� ����. ��, ��� ��� �� ���

� �� ���� �� �� ��� ����� ��� ��

� ��� �� ��� ��� ���, ��� ��� ���

�� ��� �� �� ��� ��� PE �� ��� ���

� ����. ��� �� �� � ��� ��� �����

��� ���� �� ��� ���� � ���� �� �
��� ��. �� � ���� ��� ��� ���, �� �
�� �� �� ��� �� ��� ��, free-volume �� �
���
 �
�. �� �� 	��� �� ��� ��� �
��� ��� ��� ��� �� �
� ��	��
 �
�.
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�� � ��

���� � PE �� ��

�� ��� 
��� ��� ����� ����� ��

� ‘��’(Diospyros kaki cv. Fuyu) ��� 11� �� ��, 3
	 

�� ���, ��, ��� �� ��� ��� ���

��� �� ���� ���� �� ��(LL:261 g, L:217 g,
M:188 g, S:168 g, SS:154 g)�� �
�
�. ��� PE ��

��� �� �� �� ������ low density polyethylene
(LDPE, ��539G)� linear low density polyethylene(LLDPE,
��3120)� 2:7� ���� ��� 	��� ���
 �
�

� �� ���
�. ��� ��� ��� �(150 mm, 140 mm,
130 mm, 120 mm)� ��(45 µm, 50 µm, 55 µm, 60 µm, 65
µm)� ��� 20 	

�.

���� � ��

�� ���� ��� ��� �
�� ��� ���� �
�� �� ��� ��� 1-1.5 cm� ��� Table 1� 
�

LL� 150 mm, L� 140 mm, M� S� 130 mm, SS� 120
mm� �� �� ���� ��� �� 5	
� ��� ��

�� 25��, ��� 8��� ���
�. ��� �� � 5�
� ��� �� �� ��� ���� ���� ���
 �

�� �
�, � � �� �� �� �� 	� ��� ��


�. �� � −0.5�0.5oC ������ ����� 85	�

170	� ��� 4��� ���
�.

����

�� ��� PE �� �� �� �� 1 mL� ��� Gas
chromatography(GC-17A, Shimadzu, Japan)� ���
�. ���

stainless steel 3.2 mm�2 m� ��� Molecular sieve 60-80
mesh, ������ Polapak Q 80-100 mesh� ���� thermal
conductivity detector� ���
�� injector port� detector port
� ��� 150oC��� oven� ��� 80oC���. Carrier gas
� helium� ����� flow rate� 40 mL/min���.

PE �� �� �� � free-volume
PE �� ��� ��� �� ��� ��� �� � � �

� ���� �� � ��� � �� ���� ���
�, PE
�� �� ��� � ��� ��� �� �
�. �� � free-
volume� ��� ��� �� ��� ���� ��� ���

���� �
�� ���
�. �� 	� � ����� free-
volume� � ��� ��� ���� ��� ���
�.

�� � ���

��� �� ��	(Cat. No. 166, �����, Japan)� ���

� �� ����� ��� ���� ���
�. �� ��� �
�� 5 mm���. ���� Table 2� ��� �� ���� ��

�� ���(�� �� �� �/���� ��100)� �����.

����

�
��� �	��� SPSS package program� ����

Table 1. Conditions of treatments

Size grade Weight of a fruit 
(g)

Bag width1)

(mm)
Bag length1)

(mm)
Bag area
(mm2)

Free-volume in 
bag (mL)

Bag area 
(mm2)/g fruit

Free-volume in 
bag/g fruit (µL/g)

LL 0.261�10.42) 150 375.6�6.6 112,680�19710 547�36 86.4�0.8 421�11
L 217�5.3 140 356.6�7.2 99,848�2015 408�25 92.0�0.4 .376�6.4
M 188�4.5 130 343.6�7.2 89,336�1860 337�26 94.9�0.8 361�12
S 168�3.4 130 333.2�6.8 86,632�1764 342�23 103.1�0.70 410�12

SS 154�3.7 120 318.2�4.3 76,368�1029 279�14 99.3�0.5 .361�4.1
1)Bag width and length are measured in two layers.
2)Standard error.

Table 2. Classification of discoloration symptoms in MAP storage of ‘Fuyu’ persimmon fruits

Type Symptom Occurring portion

Black stain
�Black colored
�Sunken-dot, vertical stripe, top-triangle form
�At the scar and the crack of epidermis

�Usually from equator to top

Browning

Top flesh browning (TFB)

�Chocolate colored
�Sound epidermis
�Affect to the flesh
�Off-flavor

�Typically starts on the top (style end) and
�radially expands to the equatorial zone

Pitted specks browning (PSB) �Sunken specks
�Sound epidermis �Not specific, usually equator

Flesh blotch browning (FBB)
�Broad area
�Sound epidermis
�Affect to the flesh

�Usually bottom to equator

Pitted blotch browning (PBB)
�Ribbon-, belt-shaped
�Damaged cuticle layer
�Affect only epidermal portion

�Starts with small spots on top and develops into
�ribbon shape on bottom to equator
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����� Duncan’s multiple range test, �� � �	���

��
�.

�� � ��

	��
 �� ��� �� 	 �� ������ MAP(mod-
ified atmosphere packaging) ��� �� �� ��(13-17)� �
�����, �� ��� �� PE �� ��� �� ��� �
� � �� � ��� �� �� ��� ���� �� ��.
�� �� ���� �� ��� ���� ��� �� � �
�� �� �� ���� �� ��� �� ��� ���


�. �� 	�� �� � ��� 
� ���	� ��� ��

� ��� ����� ���� �	� ����, ��� ��

� ���� �� �� ��� ������ PE �� ���

�� ��� ��	�
�.
�� ���� ��� ��� �
�� ��� ���� �

� ��� �� PE �� ��� ����� �, LL� 150 mm,
L� 140 mm, M� S� 130 mm, SS� 120 mm� �� �� �
� 376 mm, 357 mm, 344 mm, 333 mm, 318 mm� �� ��

� ���
�(Table 1). �� 
� ��� �� � ��� �
���� ��� ��� ��� �� � PE �� ��� ��

� �� �� ������(Table 3), �� ��� ��� ��

� � 	�� ��� ��� �����(Table 4-6). ��� �
�� �� ��� ���� ��� �� ��� �� �
�

�, ��� � ��� ���� ��� ��� ��� �
�

� �� ���� ��� �
�. ��� �� �� ����

� ���� �

 �� ��� ��	�� ��� ��� �
� ���� �� ������, �� ��	�� �� ��

��� ����� ��� �� 	� �� ��� �����

(Table 7). ��� ��� �� ��� �� ����� ���

�� �
�� ��� ��� �� ���� ��� �� �
�� ���� ��
 ��� ����(17,18). �	� ���

� ��� 60 µm�� 65 µm PE �� ���� ��� ��

��� �� �
�� ��� ���� ������ 	��

�� ��
�� ���� ��� ����. Browning� ��

� ����(top flesh browning, TFB), ��� ����(pitted
specks browning, PSB), ��� ����(flesh blotch browning,
FBB), ��� ����(pitted blotch browning, PBB)� 4��

���� ����(Table 2, 6). �� ��� 
�� ����,
TFB� �� ��� �� �� ���� �����, �� �
� ����� 0.5% ��	 � TFB� �� ���� �
�

� 0.3% ����� �� ����. PBB� TFB�� ����

� �� ���, TFB�� �� �� ��� �� �����

����� ����. �� TFB� ��� ����� PBB�
�� ���� �
�. FBB� TFB�� ����� �� TFB
�� �� �� ��� �� ����� ���� �� �	

� � ���� ��� ����. PSB� TFB� ��� ��

�
�� ���� TFB�� ����� �� TFB� PSB�
� ���� ��� ����� �
�. ��� ��� ���

� ����� ����� ��� ��� ��� �� � �

Table 3. Concentrations of oxygen and carbon dioxide inside PE film bag as affected by fruit weight and PE film thickness in five-fruit
unit MAP storage of ‘Fuyu’ persimmon

Film thickness

85-days storage 170-days storage

Fruit size
Mean

Fruit size
Mean

LL L M S SS LL L M S SS

O2

45 µm 0.3 1.0 4.5 4.4 4.9 c), 3.0a,1) 0.5 0.9 1.8 2.0 2.3  1.5a

50 µm 0.4 0.6 2.2 2.6 2.9  1.7b 0.4 0.9 1.0 1.1 1.5  1.0b

55 µm 0.3 0.8 1.6 2.4 1.6  1.3c 0.3 0.6 1.1 1.0 2.2  1.0b

60 µm 0.2 0.4 0.8 0.9 1.1  0.7d 0.3 0.3 0.6 1.5 2.0  1.0b

65 µm 0.2 0.4 0.5 0.7 0.7  0.5d 0.3 0.4 0.4 0.7 0.6  0.5c

Mean 0,.0.3d,2) c0.6c c1.9b c2.2a c2.2a c0.4d cc0.6cd cc1.0bc c1.3b c1.7a

Film thickness (Ft) ***3) ***
Fruit size (Fs) *** ***

(Ft)�(Fs) *** ns4)

CO2

45 µm 7.1 6.5 5.5 5.4 5.4  6.0e 8.1 6.2 5.4 4.7 5.4  5.9d

50 µm 7.5 7.2 5.9 5.9 5.8  6.5d 7.1 6.1 5.7 5.7 6.3 c 6.2cd

55 µm 8.6 7.0 6.2 6.0 6.3  6.8c 8.2 6.3 5.9 5.6 5.7  6.3c

60 µm 9.2 9.6 7.1 6.5 6.6  7.8b 8.2 7.8 6.1 5.9 5.8  6.7b

65 µm 9.0 11.00 8.7 7.4 8.0  8.7a 9.0 8.9 7.7 6.9 7.2  7.9a

Mean c8.3a c8.2a c6.7b c6.3c c6.4c c8.1a c7.1b c6.2c cc5.8cd c6.1d

Film thickness (Ft) *** ***
Fruit size (Fs) *** ***

(Ft)�(Fs) *** ***
1)Mean separations within columns by Duncan’s multiple range test at p=0.05.
2)Mean separations within rows by Duncan’s multiple range test at p=0.05.
3)Significant at p=0.001.
4)Insignificant.
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� ��� ��, ����� ��� �� �
�� ����

�	� ��� �
�. ��� ���� �� � �����

��� ���	 � �� �� � �� �� ��� �� 0.5-
1.0%� ����� 6.0-8.0%� ������, �� Lee �(6,7)
� Park �(8)� ��� ��� 	��
�.
��� ��� ��� 	�� ��� �� � ��� ��

��� ��� ��� ��� �� � PE ��� ��� 	�

� �� ��� ����. � ��� ���� ��	��, �
�� ��� ����� �� � �� ��� �� ����

� ��� �
�(Table 3). �	� ��� ��� ���� PE
�� ��� 	� �� �� PE ��� ������ ���

��
���(19) ��� ��� ����. 	�� ��� �
�� �� ��� ��� ��� ����� � ��� ��

�� ���� �� ��� �� ����� ��� �� �
� �� 	� � �� ��� �

 ��� ����(Table 1
� 7). ��� ��� ���� �� ��� ��� free-volume
� ���� �����. ��� �� �� ��� ��� �
�� �� ��� ���� �� �� 	� � �� ��� �

��� ���� ��	�� ���� ��� �
�. �� 3
���� ���� ��� �� ��� 2���� ���� �
�� ��� ��� ��� �� 	 �
�� ����. ��


� �	� PE �� �� ���� �� 	� � �� ��

� �� ����� �� � ��� ���� ��, ��� �
���� ��� ��� ��� �
��� ��� Lee �(12)
� ��� 	��� ��� ����. ��� ���� ���

�� ���� �� 	� � ��� ��� �� � ����

� � 	�� ��� ��� ���� �� 	� � free-volume
� 	 	�� �� ��� ����(Table 1 � 7). �� ��

� �� PE �� ��� ��� ���� �� �� ���

�� ��� ��� �� ��� ����. ��� �
��

��� ��� �� ��� ��� ��� ��	 �� ��

�� �� �� ��� ���� ���� � ��	�� �
�� ��� �� �� ��� ��� �� 	�� ��� �
�� ����� �� ��� ����. � ���� �� �
��� �� ��� ����� �� � �� 0.5-1.0%� ��

��� 6.0-8.0%� ��	 � �� �� ��� PE �� ��

Table 4. Flesh firmness as affected by fruit weight and PE film thickness in MAP storage of ‘Fuyu’ persimmon fruit

Film thickness

Flesh firmness (kg/5 mmφ)

Fruit size
Mean

Fruit size
Mean

LL L M S SS LL L M S SS

85-days storage 170-days storage
45 µm 3.2 3.1 2.9 2.8 2.9 c)3.0c1) 2.7 2.5 2.3 2.1 2.2 2.4e

50 µm 3.3 3.3 3.2 3.0 3.0 c3.2bc 2.8 2.7 2.6 2.4 2.4 2.6d

55 µm 3.4 3.4 3.3 3.2 3.3 3.3b 2.9 2.9 2.8 2.7 2.8 2.8c

60 µm 3.5 3.5 3.5 3.4 3.5 3.5a 3.1 3.0 3.0 2.9 3.0 3.0b

65 µm 3.6 3.6 3.6 3.5 3.6 3.6a 3.2 3.2 3.2 3.1 3.2 3.2a

Mean 0.3.4a2) c3.4a cc3.3ab cc3.2bc cc3.3ab c2.9a c2.9a cc2.8ab cc2.6bc cc2.7ab

Film thickness (Ft) c)***3) ***
Fruit size (Fs) *** ***

(Ft)�(Fs) *** ***
1)Mean separations within columns by Duncan’s multiple range test at p=0.05.
2)Mean separations within rows by Duncan’s multiple range test at p=0.05.
3)***: Significant at p=0.001.

Table 5. Incidence of blackening as affected by fruit weight and PE film thickness in MAP storage of ‘Fuyu’ persimmon fruit

Film thickness

Blackening (%)

Fruit size
Mean

Fruit size
Mean

LL L M S SS LL L M S SS

85-days storage 170-days storage
45 µm  0 0 20 10 00 c) ,6a,1) 0 27 70 40 75  43a

50 µm  0 0 15 15 10  8a 5 20 30 13 50  24b

55 µm  0 0 00 10 10  4a 0 20 20 25 20 c 17bc

60 µm  0 0 00 05 20  5a 7 00 15 00 15 0 7c

65 µm  0 150 10 10 00  7a 0 10 10 15 10  10c

Mean  0..0c2) cc3bc 009ab c10a 0cc8ab c2d c15c cc29ab cc19bc c35a

Film thickness (Ft) c)ns3) ***4)

Fruit size (Fs) **4) ***4)

(Ft)�(Fs) *4) *4)

1)Mean separations within columns by Duncan’s multiple range test at p=0.05.
2)Mean separations within rows by Duncan’s multiple range test at p=0.05.
3)Insignificant.
4)*, **, ***: Significant at p=0.05, 0.01, and 0.001, respectively.
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� ����� LL� 45 µm, L� 50 µm, M� 55 µm, S�
60 µm, SS� 65 µm� �����. �� �� ��� �	��

60 µm ��� �	�� ���� �� ���� � ��� �
�� ��.
��� ���� ��� ��� ��� PE �� �� ��

�� ��� 
� ��� ���, � �� ��� ��� ��

� PE �� ��� �� � ��� ���� ���� ��

	��� ��� ��� ��� ���� ��� ��� ��

� �� ��� �� ��� �� �� PE �� ��� ��

� �	��� ��	�
�(Table 8). ��� ��� ����

�
�� ��� ��� PE �� ��� ��� 	� ���

�, ��� ��� PE �� ���� ���� � PE �� �

Table 6. Incidence of browning as affected by fruit weight and PE film thickness in MAP storage of ‘Fuyu’ persimmon fruit

Film thickness

85-days storage  170-days storage

Fruit size
Mean

Fruit size
Mean

LL L M S SS LL L M S SS

Top flesh browning (%)
45 µm 00 00 0 0 0 0b), 0b,1) 00 00 0 0 0 0c

50 µm 10 00 0 0 0 0 2b 00 00 0 0 0 0c

55 µm 10 00 0 0 0 0 2b 25 00 0 0 0 5b

60 µm 35 15 0 0 0  10a 33 15 0 0 0 8b

65 µm 35 15 5 0 0  11a 53 25 0 0 0 14a0
Mean a2),18a,2) a06b a1c  0c  0c a20a c08b a0c a0c a0c

Film thickness (Ft) ***3) ***
Fruit size (Fs) *** ***

(Ft)�(Fs) *** ***

Pitted specks (%)
45 µm 0 0 0 0 0  0 10 00 00 0 0 0 2b

50 µm 0 0 0 0 0  0 25 00 00 0 0 00 5ab

55 µm 0 0 0 0 0  0 20 00 05 0 0 00 5ab

60 µm 0 0 0 0 0  0 20 20 10 0 0  10a

65 µm 0 0 0 0 0  0 07 25 00 0 0 00 6ab

Mean 0 0 0 0 0 c17a c10b 0c3c c0c c0c

Film thickness (Ft) 4)ns4) ns
Fruit size (Fs) ns ***

(Ft)�(Fs) ns *3)

Flesh blotch browning (%)
45 µm 0 0 0 0 0 0 20 0 0 0 0  04c

50 µm 0 0 0 0 0 0 30 0 0 0 0  06c

55 µm 0 0 0 0 0 0 70 0 0 0 0  16b

60 µm 0 0 0 0 0 0 73 150 0 150 0  18b

65 µm 0 0 0 0 0 0 87 550 150 5 5  31a

Mean 0 0 0 0 0 053a 015b 03c 04c 01c

Film thickness (Ft) ns ***
Fruit size (Fs) ns ***

(Ft)�(Fs) ns ***

Pitted blotch browning (%)
45 µm 0 00 00 0 5 0 1c 30 40 00 00 00  13c

50 µm 0 30 10 0 0 0 8b 60 25 05 00 05    20abc

55 µm 0 00 00 0 5 0 1c 40 05 05 05 13   14bc

60 µm 0 25 05 200 5  11b 53 45 30 15 15  31a

65 0 70 20 0 5  19a 47 50 25 10 10   27ab

Mean c0c c25a 0c7b cc4bc cc4bc c46a c33a c13b 0c6b c8b

Film thickness (Ft) *** *
Fruit size (Fs) *** ***

(Ft)�(Fs) *** ns
1)Mean separations within columns by Duncan’s multiple range test at p=0.05.
2)Mean separations within rows by Duncan’s multiple range test at p=0.05.
3)*, ***: Significant at p=0.05 or 0.001, respectively.
4)Insignificant.
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� �� ��� ��(0.5-1.0%)� �����(6.0-8%) ��� �
�	 � �� PE ��� ��(µm)� ���� �
�� �


�. ��� �� ��� �� ��� ��(mm2)� ��� ��

(g)� �� 2� ���	(Y = −4055.707 + 627.993X1 -0.701X1
2)�

�� ���
�, � � PE �� �� �� ��� ��� �
�� ����� ��(Y, %)� ��	 � �� PE ��� �
�� ��� �	�� �� ��(X1, g)� �� ��(X2, µm)
� �� ��	(O2:Y = 5.798 − 0.0109X1 − 0.0491X2, CO2:Y = −
2.427 + 0.01927X1 + 0.09646X2)� �� ���
�. �� � �
�� ����� ����� � 	�� ��� �� 	� �
����� ��� ��� ���� �	� 
��� ���

���� ��� ���
�. ��� ��� �	�� ���

��� ��� ��� �� ��� ���� �� ��� �
�	 � ��. �� ���� ��	�� �� ��� ���

� �	�� �� 0.1% ���� ��� ���� �
�.

� �

��� �� � ��� �� �� ���� �� ��� �
� ��� ���� �� 	�� �� � ��� ���	�

��� �� � ��� ����� ���� �	� ����,
�� �� ��� ������ PE �� ��� �� ���

��	��
 �
�. �� ���� ��� ��(LL:261 g,
L:217 g, M:188 g, S:168 g, SS:154 g)� �
�� ��� ���

� ��� �� ��� ��� 1-1.5 cm �� PE �� ���

����� �, LL� 150 mm, L� 140 mm, M� S� 130

mm, SS� 120 mm� �� �� �� 376 mm, 357 mm, 344
mm, 333 mm, 318 mm� �� ��� ���
�. �� � �
�� �� ��� ����� �� � ��� ����� �
�� �� 0.5-1.0%� 6.0-8.0%
��, �� ��	 � �� �
� ��� PE �� ��� ����� LL� 45 µm, L� 50
µm, M� 55 µm, S� 60 µm, SS� 65 µm� �����. ��

� �� ��� �� ��� ��(mm2)� ��� ��(g)� �
� 2� ���	(Y = −4055.707 + 627.993X1 − 0.701X1

2)� ��

���
�, � � PE �� �� �� ��� ��� ���

����� ��(Y, %)� ��	 � �� PE ��� ���

��� �	�� �� ��(X1, g)� �� ��(X2, µm)� �
� ��	(O2:Y = 5.798 − 0.0109X1 − 0.0491X2, CO2:Y = −2.427 +
0.01927X1 + 0.09646X2)� �� ���
�.
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