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Abstract 
The objective of this research was to develop the surface coating material containing 10% (w/v) wax 

extracted from the cabbage leaf (denoted CB-wax). The research was also undertaken to study effects of the CB-
wax on postharvest qualities of bell pepper. The fruits were coated with CB-wax and kept at 10°C for 21 days. The 
qualities of pepper coated with CB-wax were compared to those of the fruits coated by chitosan solution and 
those of non-coated peppers (control). The results showed that the fruits peppers coated by either CB-wax or 
chitosan did not show disease and had clearly changes in visual appearances, compared to those measured on 
Day 0. Percentages of weight losses of peppers coated with either CB-wax or chitosan (5.00% and 6.00%, 
respectively) were lower than those of the fruit in the control treatment (10.00%). The peppers coated with either 
CB-wax or chitosan had higher firmness than the non-coated ones. Whilst total soluble solid (TSS) as well as 
titratable acidity (TA) values of the pepper coated with CB-wax slightly increased when comparable to those of the 
fruit coated with chitosan, the TSS and TA values of the control continuously increased (14.8%) and were higher 
than those of the coated pepper. Respiration rates of the pepper coated with both coating materials were lower 
than the average value of the control treatment.  
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�µ¦ª·�´¥�¸ÊÅ�o¡´��µµ¦Á� º̈°��·ª�µ�Å��´�Ä��³® É̈Îµ�¨̧ (CB-wax) �¸É¤̧�ªµ¤Á�o¤�o� 10% (w/v) Â¨³«¹�¬µ

�¦³·��·£µ¡�°� CB-wax �n°�µ¦�³¨°�µ¦Á�¨̧É¥��»�£µ¡®΅��µ¦Á�È�Á�̧É¥ª�°�¡¦·�®ªµ�� Á�È�¦́�¬µ�̧É°»�®£¼¤· 10°C Á�}�
Áª¨µ 21 ª´� Á�¦̧¥�Á�¸¥��»�£µ¡�́�¡¦·�®ªµ��̧É�nµ��µ¦Á� º̈°��·ª�oª¥µ¦¨³¨µ¥Å�Ã��µ� Â¨³¡¦·�®ªµ�Å¤n�nµ��µ¦Á� º̈°�
�·ª (�»��ª��»¤) �¨�µ¦��¨°� ¡�ªnµ ¡¦·�®ªµ��̧É�nµ��µ¦Á� º̈°��·ª�oª¥µ¦�´Ê�°��¦³Á£�Å¤n¡��µ¦Á�·�Ã¦� Â¨³¤̧�µ¦
Á�¨̧É¥�Â�¨�΅�¬�³�¦µ��£µ¥�°��̧ÉÂ���nµ��µ�ª´��¸É 0 °¥nµ��́�Á��¥�Áªo�¤̧¦°¥Á®¸É¥ª¥n�Á È̈��o°¥Â¨³¡�Ä�ª́��¸É 21 �µ¦
¼�Á̧¥�ÊÎµ®�´�Á�¨¸É¥�°�¡¦·�®ªµ��̧ÉÁ� º̈°��·ª�oª¥ CB-Wax ®¦º°Å�Ã��µ� ¤̧�nµÁ�nµ�́� 5.00% Â¨³ 6.00% �µ¤ Î̈µ�́� �¹É�¤̧
�nµ�ÉÎµ�ªnµ¡¦·�®ªµ��»��ª��»¤ (10.00%) ¡¦·�®ªµ��¸ÉÁ� º̈°� CB-Wax ®¦º°Å�Ã��µ� ¤̧�ªµ¤Â�n�Á�ºÊ°¤µ��ªnµ�»��ª��»¤ 
�´Ê��¸Ê¡¦·�®ªµ��¸ÉÁ� º̈°��·ª�oª¥ CB-wax ¤̧�nµ�°��°�Â�È��¸É¨³¨µ¥Å�o�´Ê�®¤� (TSS) Â¨³ �nµ�¦·¤µ��¦��¸ÉÅ�¦Á�¦�Å�o (TA) 
Á¡·É¤�¹Ê�Á È̈��o°¥ Â¨³¤̧�nµÄ� öÁ�̧¥��́��́�¡¦·�®ªµ��̧É�nµ��µ¦Á� º̈°��·ª�oª¥Å�Ã��µ� Ä���³�̧É¡¦·�®ªµ��»��ª��»¤¤̧�nµ TSS 
Â¨³ TA Á¡·É¤�¹Ê�°¥nµ��n°Á�ºÉ°�Â¨³¤̧�nµ¼��ªnµ¡¦·�®ªµ��¸ÉÁ� º̈°��·ª�´Ê�°��¦³Á£�  °´�¦µ�µ¦®µ¥Ä��°�¡¦·�®ªµ��̧ÉÁ� º̈°��·ª
�´Ê�°��¦³Á£� ¤̧�nµ�ÉÎµ�ªnµ�nµÁ�¨¸É¥�°�°´�¦µ�µ¦®µ¥Ä��°�¡¦·�®ªµ�Ä��»��ª��»¤  
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Ä��{��»�´��¼o�¦³�°��µ¦�́�Â¨³�¨Å¤o�Ä®o�ªµ¤Îµ�́��n°�µ¦Ä�oµ¦Á� º̈°��·ª�¸É� ·̈��µ�ª´��»�·��µ��¦¦¤�µ�· Á�n� 

Å��¹Ê� Å��µ¦r�¼�µ¦r Å�¦Îµ�oµª Å�°o°¥ Å�Ã��µ� Â¨³�µ¦r�°��·ªÁ¤�·¨ Á�¨ ¼̈Ã¨ (carboxymethyl cellulose) µ¦Á� º̈°��·ª� »̈n¤
�¸Ê¤̧�ªµ¤�¨°�£´¥�n°�¼o�¦·Ã£�Â¨³µ¤µ¦�¦´��¦³�µ�Å�o (Arnon et al., 2014) °¥nµ�Å¦�È�µ¤µ¦Á� º̈°��·ª�¸É� ·̈��µ�ª´��»�·�
�¦¦¤�µ�·Ä��¦³Á�«Å�¥Å¤nÁ¡¸¥�¡°�n°�µ¦Ä�o�µ� Ã�¥�¹��o°�¤̧�µ¦�ÎµÁ�oµµ¦Á� º̈°��·ª�µ��nµ��¦³Á�« Á�n� µ¦Á� º̈°��·ªÅ�
�µ¦r�¼�µ¦r (ª��, 2554)  �µ¦ª·�´¥�¸ÊÄ®o�ªµ¤�Ä�Ä��µ¦�́�Å��µ�Ä��³® É̈Îµ�¨̧ Á�ºÉ°��µ�Ä��³® É̈Îµ�¨̧Ã�¥Á�¡µ³Ä��oµ�
�°�¤´��¼��́��·Ê� �¹��ª¦�Îµ¤µÄ�o�¦³Ã¥��rÂ¨³Á¡·É¤¤¼¨�nµÃ�¥�µ¦�́�Å� �¹É�¤̧¤�´�·Å¤n�°��ÊÎµ (hydrophobicity) Á�e¥��ÊÎµÅ�o
�o°¥ (low wettability) Â¨³µ¤µ¦��Îµ�ªµ¤³°µ��´ªÁ°�Å�o (self-cleaning ®¦º° lotus effect) �{��»�´�¥́�Å¤n¤̧¦µ¥�µ�
�µ¦«¹�¬µ�µ¦�́�Å��µ�Ä��³® É̈Îµ�¨̧Á¡ºÉ°¡´��µÁ�}�µ¦Á� º̈°��·ª�́�Â¨³�¨Å¤o �́��´Ê��µ¦ª·�´¥�¹�¤̧ª´��»�¦³��rÁ¡ºÉ°�́�Å�
�µ�Ä��³® É̈Îµ�¨̧�¸ÉÁ�}�Ä��°� Â¨³�Îµ¤µ¡´��µÁ�}�µ¦µ¦Á� º̈°��·ªÃ�¥«¹�¬µ�¨�°�µ¦Á� º̈°��·ª�n°�µ¦Á�¨̧É¥�Â�¨�
�»�£µ¡£µ¥®΅��µ¦Á�È�Á�̧É¥ª�°�¡¦·�®ªµ� �¹É�Á�}�� ·̈��¨�¸É¤̧¤¼¨�nµ¼�Â�n¤̧Â�ªÃ�o¤�¸É�³ÁºÉ°¤Á̧¥�»�£µ¡Å�o�nµ¥ (Abad-
Ullah et al., 2017) 
 

 
1.   (1.1)  �́�Å��µ�Ä��³® É̈Îµ�¨̧Ã�¥�́�Â�¨�ª·�¸�°� Bohnic et al. 
(2014) �ÎµÄ���µ� 1 x 3 cm (�ªoµ� x ¥µª) �ÊÎµ®�´�¦ª¤Á�nµ�́� 150 g ¤µ�´�Â öªÄn¨�Ä��ª�Ã®¨Â�oª��µ� 2 L               Å�
�¨°Ã¦¤¸Á�� (�ªµ¤Á�o¤�o� 100% v/v) �¦·¤µ�¦ 300 ml Á�}�¦³¥³Áª¨µ 15 �´ÉªÃ¤� �¸É°»�®£¼¤· 35°C ¦³Á®¥�́ª�Îµ¨³¨µ¥°°�
�µ�Å��́��oª¥�pµ�Å�Ã�¦Á�� Â¨³Â�nÄ�°nµ��ÊÎµ°»�®£¼¤· 50ºC Å�oÅ��´�̧�ÊÎµ�µ¨ Â¨³�o�Á®�¸¥ªÁ È̈��o°¥ (1.2) 

 �ÎµÅ��̧É�́�¨³¨µ¥Ä��́ª�Îµ¨³¨µ¥ (Å�¦Á°�µ�°¨Á°¤̧� (triethanolamine) �ªµ¤Á�o¤�o� 5% (w/v) Ã�¥¤¸�ÊÎµ
�΅É�Á�}��́ª�Îµ¨³¨µ¥) Á¡ºÉ°¡´��µÁ�}�µ¦¨³¨µ¥°·¤́¨�´� �¸É�ªµ¤Á�o¤�o� 10% (w/v)  
2.  �Îµ¡¦·�®ªµ�̧Á® º̈°� (��µ�Áo��nµ�«¼�¥r�¨µ� 7.5 x 85 
cm) �¸É�nµ��µ¦�Îµ�ªµ¤³°µ��oª¥�µ¦Â�nÄ�µ¦¨³¨µ¥Ã�Á�¸¥¤Å±Ã��¨°Å¦�r �ªµ¤Á�o¤�o�  100 ppm Á�}�Áª¨µ 3 �µ�¸ ¤µ
Á� º̈°�Ã�¥�ÎµÂ�¦��»n¤µ¦Á� º̈°�Â öª�µ¨����·ª�°�¡¦·�®ªµ����́Éª �Îµ�ÊÎµ 2 ¦°� Â¨³Á�iµÂ®o��oª¥¡´�¨¤ �ÎµÅ�Á�È�¦́�¬µ �¸É
°»�®£¼¤· 10ºC  Á�}�Áª¨µ 21 ª´� «¹�¬µ�»�£µ¡®΅��µ¦Á�È�Á�̧É¥ª�́��¸Ê (2.1)  �Îµ�µ¦Á�¦̧¥�Á�¸¥�
�ÊÎµ®�´�Á¦·É¤�o� Â¨³¦µ¥�µ�Á�}�¦o°¥¨³�µ¦¼�Á̧¥�ÊÎµ®�´�  (2.2)  Ã�¥Ä�oÁ�¦ºÉ°�Ã�¥Ä�o Texture analyser 
(LLODY model, LR series, USA) Ä�o®´ª��°�Â�� Cylinder ¤̧Áo��nµ�«¼�¥r�¨µ�Á�nµ�́� 2 mm Ä�oÂ¦��� 500 N ¦µ¥�µ�
�¨Á�}��nµÂ¦�¼�»� (Maximum load; N) (2.3)  Ã�¥Ä�oÁ�¦ºÉ°�¦̧Â¢¦�Ã¦¤·Á�°¦r  
(refractrometer) Â¨³¦µ¥�µ�Á�}�¦o°¥¨³ (2.4)   �oª¥�µ¦�¦³¥»��rª·�¸�°� Ã«¦�µ Â¨³��³ (2555) 
¦µ¥�µ�Á�}�¦o°¥¨³ (2.5)  �¹É�Á�}��µ¦ª´��µ¦Á�¨̧É¥�Â�¨��ªµ¤Á�o¤�o��°��pµ� CO2 Ä�¦³���d� Â¨³¤̧�µ¦ 
�Îµ�ª�°´�¦µ�µ¦®µ¥Ä�®¦º° °´�¦µ�µ¦� ·̈� CO2 �n°®�nª¥Áª¨µ �oª¥ Ideal gas law Â¨³�¦³¥»��rª·�¸�¸É¦µ¥�µ�Ã�¥ Maguire 
(1998) �µ¦«¹�¬µ�¸ÊÅ�oÁ�¦̧¥�Á�¸¥��¨�°��µ¦Á� º̈°��·ª�oª¥µ¦Á� º̈°��¸É¡´��µ�¹Ê��́�¡¦·�®ªµ��»��ª��»¤�¸ÉÅ¤n�nµ��µ¦Á� º̈°�
�·ªÂ¨³¡¦·�®ªµ��̧ÉÁ� º̈°��·ª�oª¥µ¦¨³¨µ¥Å�Ã��µ� �ªµ¤Á�o¤�o� 5% �¹É�Á�}�µ¦Á� º̈°��·ª�¸É�Îµ®�nµ¥Á�·�¡µ�·�¥r (Benefit 
Chitosan) 
3.  ªµ�Â���µ¦��¨°�Â�� Factorial in CRD  Ã�¥�Îµ�µ¦ª·Á�¦µ³®r�¨�°��{��´¥�n°
�»�£µ¡�µ¦Á�È�¦́�¬µ 2 �́ªÂ�¦°·¦³�̧É¤̧�¨�n°�»�£µ¡�°�¡¦·�®ªµ� �º° ��·��°�µ¦Á� º̈°��·ª Â¨³¦³¥³Áª¨µÄ��µ¦Á�È�
¦́�¬µ �oª¥�µ¦ª·Á�¦µ³®r Analysis of variance (ANOVA) � p<0.05 Â¨³Á�¦̧¥�Á�¸¥��nµÁ�¨̧É¥�°�Â�n¨³·É���¨°�Ã�¥Ä�o 
Duncan multipleus range test �oª¥Ã�¦Â�¦¤ SPSS �ÎµÁ�·��µ¦«¹�¬µ�Îµ�ª� 3 �ÊÎµ    
 

 
�µ¦Á� º̈°��·ª¡¦·�®ªµ���oª¥µ¦Á� º̈°��·ª CB-wax Â¨³µ¦Á� º̈°��·ªÅ�Ã��µ� Å¤nn��¨Ä®o¤̧�µ¦Á�¨̧É¥�Â�¨�

΅�¬�³�¦µ��£µ¥�°��̧ÉÂ���nµ��µ�ª´��¸É 0 °¥nµ�Å¦�È�µ¤£µ¥®΅� 21 ª´� ¤̧΅�¬�³�¦µ���°�¦°¥Á®̧É¥ª¥n��oµ�Á È̈��o°¥ 
Â�nÅ¤n¤̧�µ¦Á�¦·��°�Á�ºÊ°�» ·̈��¦̧¥r Á¤ºÉ°Á�¦̧¥�Á�¸¥��́�¡¦·�®ªµ�Å¤n¤̧�µ¦Á� º̈°��·ª �¹É�¤̧�µ¦Á�¨̧É¥�Â�¨�΅�¬�³£µ¥�°�
°¥nµ��́�Á��£µ¥®΅��µ¦Á�È�¦́�¬µ 7 ª´� (Å¤nÂ���¨�µ¦��¨°�) �µ¦Á� º̈°��·ª¡¦·�®ªµ��oª¥µ¦Á� º̈°��·ª CB-wax Â¨³Å�
Ã��µ�¤̧�µ¦¼�Á̧¥�ÊÎµ®�´���¦³¤µ� 5.7-6.00% �¹É��o°¥�ªnµ�µ¦¼�Á̧¥�ÊÎµ®�´��°��»��ª��»¤ (10%) (Figure 1 A) �ªµ¤
Â�n�Á�ºÊ°�°�¡¦·�®ªµ�¤̧Â�ªÃ�o¤¨�¨��¨°��µ¦Á�È�¦́�¬µ Â�n¡¦·�®ªµ��¸ÉÁ� º̈°��·ª�oª¥µ¦Á� º̈°��·ª�´Ê� 2 ��·� ¤̧�µ¦
Á�¨̧É¥�Â�¨��ÉÎµ�ªnµ (26.00-20.00 N) ¡¦·�®ªµ��̧ÉÅ¤nÅ�oÁ� º̈°��·ª (18.00-6.00 N) (Figure 1 B) 
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Figure 1  Effects of CB-Wax coating and chitosan coating on weight loss (A) and firmness (B) of fresh bell pepper 

during storage at 10ºC for 21 days (error bar represent ± standard error and n=18). Ctrl (control) 
represents non-coated bell pepper at 10°C for 21 days. 

 

�¦·¤µ��°�Â�È��¸É¨³¨µ¥�ÊÎµÅ�o (TSS) �°�¡¦·�®ªµ��̧ÉÁ� º̈°��´Ê�°��¦³Á£�¤̧�nµÁ¡·É¤�¹Ê�Á È̈��o°¥ (5.8-7.2%) �µ�
�nµ�¸Éª´�ª´��¸É 0 Â�n�nµ TSS �°��»��ª��»¤¤̧�nµÁ¡·É¤¼��¹Ê�°¥nµ�¤µ� (5.8-14.8%) (Figure 2 A) °�� ö°��́��¨�°��¦·¤µ�
�¦��́Ê�®¤� (TA) �°�¡¦·�®ªµ���¸ÉÁ� º̈°��·ª�´Ê� 2 ��·� ¤̧�nµ TA Á¡·É¤�¹Ê�Á È̈��o°¥ (0.03-0.05%) Ä���³�̧É�nµ TA �°��ª��»¤ 
¤̧�nµÁ¡·É¤�¹Ê�¼�°¥nµ��n°Á�ºÉ°� (0.03-0.10%) (Figure 2 B) 

 
 

 

Figure 2  Effects of CB-Wax coating and chitosan coating on the TSS (%) (A) and TA (B) of fresh bell pepper 
(average ± standard error; n=18). Ctrl (control) represents non-coated bell pepper at 10°C for 21 days. 

 

 °´�¦µ�µ¦®µ¥Ä��°�¡¦·�®ªµ���¸ÉÁ� º̈°��·ª�oª¥µ¦Á� º̈°��·ª�´Ê� 2 ��·� ¤̧�nµÁ¡·É¤�¹Ê�Á È̈��o°¥ (�nµÁ�¨̧É¥�°�ª´��¸É 10 
Á�nµ�́� 0.04 μmol s-1 kg-1) Á¤ºÉ°Á�¦̧¥�Á�¸¥��́�ª´��¸É 0 Ä���³�¸É�»��ª��»¤¤̧�nµ¼��¹Ê�°¥nµ��n°Á�ºÉ°� �nµÁ�¨̧É¥�°��nµ�¸Éª´�Ä�ª´��¸É 
10 ¤̧�nµÁ�nµ�́� 0.14 μmol s-1 kg-1 (Figure 3)  

 
Figure 3  Effects of CB-Wax coating and chitosan coating on the respiration rate (μmol s-1 kg-1) of fresh bell 

pepper (average ± standard error; n=6). Ctrl (control) represents non-coated bell pepper at 10°C for 10 
days. 

A B 

A B 
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�µ¦Á�¨̧É¥�Â�¨�΅�¬�³£µ¥�°� Á�n� ¦°¥Á®̧É¥ª�·ªÁ� º̈°�Á�·��¹Ê�Á È̈��o°¥ Å¤n¡��µ¦Á�·�Ã¦� Â¨³�µ¦Á�¦·��°�

Á�ºÊ°�» ·̈��¦̧¥r �¸ÉÁ®È�Å�o�oª¥�µÁ� n̈µ�°� ¡¦·�®ªµ��̧É�nµ��µ¦Á� º̈°��·ª�oª¥µ¦Á� º̈°��·ª�´Ê� 2 ��·� Á�ºÉ°��µ�µ¦Á� º̈°��·ª�Îµ
®�oµ�¸ÉÁ�}�Á�¦µ³�j°��́��¦·Áª��·ª�°�¡¦·�®ªµ� �nª¥¨��µ¦�µ¥�ÊÎµ�¸É�³¨°�µ¦Á®¸É¥ª�°��¨Å¤o Â¨³�Îµ®�oµ�¸É�nª¥�j°��́��µ¦
Á�oµÁ�oµ¨µ¥�°��» ·̈��¦̧¥r�¸ÉÁ�·��¹Ê��¦·Áª��·ª�°�� ·̈��¨ (Kader et al., 1987; Pen and Jiang, 2003) µ¦Á� º̈°��·ª�´Ê� 2 ��·� 
µ¤µ¦��³¨°�µ¦¼�Á̧¥�ÊÎµ®�´��°�¡¦·�®ªµ�Å�o Á�ºÉ°��µ�µ¦Á� º̈°��·ª�Îµ®�oµÄ�Á�}��´Ê��¸É�́Ê� (barrier layer) �°��µ¦
Â¨�Á�¨̧É¥��pµ�Â¨³Å°�ÊÎµ Á¡·É¤Á�·¤�µ�Å��̧É¤̧°¥¼n�µ¤�¦¦¤�µ�· �¹�n��¨Ä®o�µ¦¼�Á̧¥�ÊÎµ�µ�¡¦·�®ªµ�Å�¥́�·É�Âª� ö°¤Á�·��¹Ê�
�oµ¨� �´Ê��¸Ê�µ¦¼�Á̧¥�ÊÎµÁ�}�µÁ®�»Îµ�́��°��µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�́��°�¡¦·�®ªµ� (�¼·��·Í Â¨³��³, 2550) n��¨Ä®o�³¨°
�µ¦¼�Á̧¥�°��ªµ¤Â�n�Á�ºÊ°�°�¡¦·�®ªµ�Å�o (Marmur et al., 2013) ¡¦·�®ªµ��¸É�nµ��µ¦Á� º̈°��·ª�´Ê�°��¦³Á£�¤̧�µ¦
Á�¨̧É¥�Â�¨��nµ TSS Â¨³ TA �¸É�ÉÎµ Á�ºÉ°��µ��́Ê��°�µ¦Á� º̈°��·ª¨��µ¦Â¨�Á�¨̧É¥��pµ�n��¨Ä®oÁ�·��µ¦�³¨°�¦³�ª��µ¦
®µ¥Ä�Â¨³Á¤�µ�° ·̈�¹¤°ºÉ�Ç (Phungmaneeskul et al., 2010) �¹��ÎµÄ®o�¦³�ª��µ¦Á�¨̧É¥�Â�j�Å�Á�}��ÊÎµ�µ¨Â¨³�µ¦� ·̈�
�¦�°·��¦̧¥rÁ�·��¹Ê�Ä�°´�¦µ�̧É�oµ¨� (Vargas et al., 2008; Abad-Ullah et al., 2017) Á¤ºÉ°Á�¦̧¥�Á�¸¥��́�¡¦·�®ªµ�Ä��»�
�ª��»¤ �´Ê��¸Ê�¨�µ¦«¹�¬µ°´�¦µ�µ¦®µ¥Ä��°�¡¦·�®ªµ��¸ÉÁ� º̈°��oª¥µ¦Á� º̈°��·ª�´Ê�°���·��¸É�nª¥�³¨°�¦³�ª��µ¦Á¤�µ
�° ·̈�¹¤Ä�¡¦·�®ªµ�Å�o �µ¦�³¨°°´�¦µ�µ¦®µ¥Ä�Â¨³Á¤�µ�° ·̈�¹¤ n��¨Ä®o�µ¦¨�¨��°��ªµ¤Â�n�Á�ºÊ°Á�·��¹Ê�Å�o�oµ¨� 
(Elsheshetawy et al., 2016) 
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