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Abstract 
Rapid physiological changes during retailing of tNam Dok Maiu  mango ( Mangifera indica L. )  lead to 

deterioration and nutrition value loss.  In postharvest fruit management, chitosan was used widely to be coating 
materials integrated with other solutions for maintaining the quality of many fruits.  This research investigated the 
suitability of the molecular weight and concentration of chitosan, bound with a layer of 0 .5 %  (w/v)  polystyrene 
sulfonate (PSS) coated on mango fruit a multilayer coating. Chitosan solutions (CTS) were prepared from the high 
molecular weight (500-700 kDa; H-CTS) and medium molecular weight (310-375 kDa; M-CTS) at 2 concentrations 
of 0.5%  and 1%  (w/v). Mature green tNam Dok Maiu mangoes were coated layer by layer as CTS/PSS/CTS and 
then incubated at 25C, 65-70%  RH.   The results showed that the concentrations of chitosan affected mango 
quality more than the molecular weight.  Mango coated with 0. 5% M-CTS/ 0 . 5 % PSS/ 0. 5% M-CTS effectively 
maintained the fruit quality, especially weight loss, and firmness loss. Increasing total soluble solids, peel and pulp 
color changes, disease incidence, and reducing antioxidant compounds ( phenolic content, flavonoids content, 
and DPPH activity) were significantly high in uncoated fruits. 
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�µ¦Á�¨̧É¥�Â�¨��µ�­¦¸¦ª·�¥µ°¥nµ�¦ª�Á¦Èª¦³®ªnµ��µ¦ªµ��Îµ®�nµ¥�°�¤³¤nª��ÊÎµ�°�Å¤o �ÎµÅ�­¼n�µ¦Á­ºÉ°¤­£µ¡Â¨³

�µ¦­¼�Á­̧¥�»��nµ�µ�Ã£��µ�µ¦  ¤̧�µ¦Ä�oÅ�Ã��µ�°¥nµ��ªoµ��ªµ�¦nª¤�́�­µ¦¨³¨µ¥��·�°ºÉ�Á¡ºÉ°Á�}�­µ¦Á� º̈°��·ª­Îµ®¦́�
¦́�¬µ�»�£µ¡�°��¨Å¤o®¨µ¥��·�®΅��µ¦Á�È�Á�̧É¥ª �µ�ª·�´¥�¸Ê«¹�¬µ®µ�ÊÎµ®�´�Ã¤Á¨�»¨Â¨³�ªµ¤Á�o¤�o��°�Å�Ã��µ��̧É
Á®¤µ³­¤­Îµ®¦́��´��́ª�́��´Ê�Ã¡¨̧­Å�¦̧��́¨Ã¢Á���ªµ¤Á�o¤�o�¦o°¥¨³ 0.5 (Ã�¥¤ª¨�n°�¦·¤µ�¦) Ä��µ¦Á� º̈°�Â��®¨µ¥�´Ê� 
���¨¤³¤nª�  �´Ê��¸Ê­µ¦¨³¨µ¥Å�Ã��µ�Á�¦¸¥¤�µ�Å�Ã��µ��ÊÎµ®�´�Ã¤Á¨�»¨¦³�́�­¼� (500-700 kDa; H-CTS) Â¨³�ÊÎµ®�´�
Ã¤Á¨�»¨¦³�́��¨µ� (310-375 kDa; M-CTS) �¸É 2 �ªµ¤Á�o¤�o� �º° ¦o°¥¨³ 0.5 Â¨³¦o°¥¨³ 1 (Ã�¥¤ª¨�n°�¦·¤µ�¦)   �Îµ�µ¦
Á� º̈°�Â��®¨µ¥�´Ê� (Å�Ã��µ�/Ã¡¨̧­Å�¦̧��́¨Ã¢Á��/Å�Ã��µ�) ���¨¤³¤nª��ÊÎµ�°�Å¤o�¸É¦³¥³Â�nÁ�¸¥ª Â öª�ÎµÅ�Á�È��¸É
°»�®£¼¤· 25 °�«µÁ�¨Á�̧¥­ �ªµ¤�ºÊ�­́¤¡´��r¦́°¥¨³ 65-70 �¨�µ¦ª·�´¥Â­��Ä®oÁ®È�ªnµ�ªµ¤Á�o¤�o��°�Å�Ã��µ�¤̧�¨�n°
�»�£µ¡�°�¤³¤nª�¤µ��ªnµ�ÊÎµ®�́�Ã¤Á¨�»¨�°�Å�Ã��µ�   ¤³¤nª��¸ÉÁ� º̈°��·ª�oª¥ M-CTS �ªµ¤Á�o¤�o�¦o°¥¨³ 0.5  �µ¤�oª¥
Ã¡¨̧­Å�¦̧��´¨Ã¢Á���ªµ¤Á�o¤�o�¦o°¥¨³ 0.5 Â¨³�d��oµ¥�oª¥ M-CTS �ªµ¤Á�o¤�o�¦o°¥¨³ 0.5 Á�}�­£µª³�¸É�̧�¸É­»�Ä��µ¦¦́�¬µ
�»�£µ¡�°�¤³¤nª� Ã�¥Á�¡µ³�µ¦¨�­¼�Á­̧¥�ÊÎµ®�´�­�Â¨³�ªµ¤Â�n�Á�ºÊ° �´Ê��¸Ê¤³¤nª��¸ÉÅ¤nÅ�oÁ� º̈°��·ª¤̧�¦·¤µ��°�Â�È��¸É
¨³¨µ¥�ÊÎµÅ�oÁ¡·É¤�¹Ê� ¤̧�µ¦Á�¨̧É¥�Â�¨�­̧Á� º̈°�Â¨³Á�ºÊ° Â¨³¤̧�µ¦Á�oµ�Îµ¨µ¥�°�Ã¦� ­µ¦�oµ�°�»¤¼¨°·­¦³�̧É­Îµ�́� Á�n� 
�¦·¤µ�¢eÃ� ·̈� �¦·¤µ�¢¨µÃª�°¥�r Â¨³�·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³Ä�¦¼��°� DPPH) ¨�¨�¤µ��ªnµ¤³¤nª��¸ÉÁ� º̈°��·ª
°¥nµ�¤̧�´¥­Îµ�́��µ�­�·�· 
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¤³¤nª��ÊÎµ�°�Å¤oÁ�}��¨Å¤o�¦·Ã£�­»��¸É°»�¤�oª¥­µ¦�oµ�°�»¤¼¨°·­¦³­Îµ�́�®¨µ¥��·� °¸��´Ê�¥́�Á�}��¨Å¤o�¸É­¦oµ�

¤¼¨�nµ­¼�Ä®o�¦³Á�«Å�¥ («¦·��¦, 2558)  �µ¦Á�¨̧É¥�Â�¨��µ�­¦̧¦ª·�¥µ¦³®ªnµ��µ¦­»�Ä��nª��µ¦ªµ��Îµ®�nµ¥ �ÎµÅ�­¼n�µ¦Á­̧¥
�»�£µ¡ Ã�¥Á�¡µ³�µ¦Á�·�Ã¦�Â°�Â�¦�Ã�­ �¹É�¤̧΅�¬�³Á�}��»�­̧�ÎµÂ¨³°µ�¦»�Â¦��¹��´Ê��ÎµÄ®o¤³¤nª�Á�nµÁ­̧¥ ­n��¨Ä®o
¤³¤nª�¤̧°µ¥»�µ¦Á�È�¦́�¬µ­́Ê� (Mattoo & Modi, 1969) Å�Ã��µ�Á�}�°�»¡´��r�°�Å��·��¸É�·¥¤Ä�oÁ� º̈°��·ª�́�Â¨³�¨Å¤o 
Á�ºÉ°��µ�Á�}�­µ¦�¸É­µ¤µ¦��¦·Ã£�Å�o°¥nµ��¨°�£´¥ ­µ¤µ¦��ª��»¤�µ¦Â¡¦n�nµ��°��ÊÎµÂ¨³°µ�µ«Å�o�̧ Â¨³¤̧�»�­¤�´�·�oµ�
�» ·̈��¦̧¥rÅ�o®¨µ¥��·� �{��»�´�¤̧�µ¦�ÎµÅ�Ã��µ��¸É¤̧�¦³�»�ª��´��́�­µ¦�nµ���·��¸É¤̧�¦³�»¨� Á¡ºÉ°�¦́��¦»��»�­¤�́�·Ä®o�̧¥·É��¹Ê� 
(Arnon-Rips & Poverenov, 2018) �¹��nª¥¦́�¬µ�»�£µ¡�°�¤³¤nª� (Djioua et al., 2010) Â¨³Á¤ n̈°� (Poverenov et al., 
2014) Å�o Ä��µ�ª·�´¥�°� Hadthamard et al. (2019) Ä�o­µ¦¨³¨µ¥Ã¡¨̧­Å�¦̧��́¨Ã¢Á��Á�}�­µ¦�¦³�»¨� Á¡ºÉ°�nª¥Ä®oÅ�Ã�
�µ�Â���¦³�»Â¨³�Îµ�µ�Å�o�̧¥·É��¹Ê� °¥nµ�Å¦�È�µ¤ �¦³­·��·£µ¡�°��µ¦Ä�oÅ�Ã��µ��¹Ê�°¥¼n�́��ÊÎµ®�´�Ã¤Á¨�»¨Â¨³�ªµ¤Á�o¤�o�
�¸ÉÁ®¤µ³­¤�́��Îµ�ª��́Ê�Á� º̈°� (Singburaudom & Piasai, 2011; Jongsri et al., 2016) �µ�ª·�´¥�¸Ê�¹��o°��µ¦«¹�¬µ�µ¦
Á�¨̧É¥�Â�¨��»�£µ¡Â¨³­µ¦­Îµ�́�Ä�¤³¤nª��ÊÎµ�°�Å¤o¦³®ªnµ��µ¦ªµ��Îµ®�nµ¥ ®΅��µ�Á� º̈°��·ª¤³¤nª��oª¥ chitosan-
based multicoating �¸É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨Â¨³�ªµ¤Á�o¤�o�Â���nµ��́� 

 
 

1.  
Å�Ã��µ�  (chitosan; CTS; Sigma-aldrich)  �ÊÎ µ®�´�Ã¤Á¨�»¨­¼� (H-CTS: 500-700 kDa) Â¨³�µ��¨µ� (M-

CTS:310-375 kDa) �¼�¨³¨µ¥Ä�­µ¦¨³¨µ¥°³�·�·��ªµ¤Á�o¤�o� 0.5% Á¡ºÉ°Ä®oÂ�n¨³�ÊÎµ®�´�Ã¤Á¨�»¨¤̧�ªµ¤Á�o¤�o� 0.5% Â¨³ 
1% (Ã�¥¤ª¨�n°�¦·¤µ�¦)  �µ��´Ê��¦́��nµ�ªµ¤Á�}��¦�Ä®oÅ�o 3  ­nª�Ã¡¨̧­Å�¦̧��́¨Ã¢Á�� (polystyrene sulfonate, PSS; 
Sigma-aldrich) ¨³¨µ¥Ä��ÊÎµ�΅É�Ä®oÅ�o�ªµ¤Á�o¤�o� 0.5% (Ã�¥¤ª¨�n°�¦·¤µ�¦) Â¨³�¦́�Ä®o¤̧�nµ�ªµ¤Á�}��¦� 7 

¤³¤nª��ÊÎµ�°�Å¤oÁ�°¦r 4 °µ¥»�¦³¤µ� 95-110 ª´�®΅��°��µ� �µ��´�®ª´��¦³�ª��̧¦̧�´��r �¼��Îµ¤µ�́�Á º̈°�Á�¡µ³
�¨�¸ÉÅ¤n¤̧Ã¦� ¤̧��µ�Â¨³�ÊÎµ®�́�­¤ÉÎµÁ­¤°�¦³¤µ� 350-400 �¦́¤ Á¡ºÉ°�Îµ¤µ�Îµ�ªµ¤­³°µ��oª¥�ÊÎµ�¦³�µ Â�nÄ�­µ¦¨³¨µ¥
Ã�Á�̧¥¤Å±Ã��¨°Å¦�r�ªµ¤Á�o¤�o� 200 ppm �µ� 3 �µ�¸ Â¨³�¹É�Ä®oÂ®o� �µ��́Ê��ÎµÅ��»n¤Ä�­µ¦Á� º̈°��·ª�¸ÉÁ�¦̧¥¤Åªo ­΅�Å�¤µ 
CTS/PSS/CTS Â�n¨³�́Ê��»n¤�¦́Ê�¨³ 20 ª·�µ�̧ �µ¤�oª¥�µ¦ öµ�Ä��ÊÎµ�΅É� Â¨³�¹É�Ä®oÂ®o��n°��»n¤Ä�­µ¦Á� º̈°��´Ê��́�Å� ªµ�
Â���µ¦��¨°�Â��­»n¤­¤�¼¦�r �´�Á�}� 5 �»��µ¦��¨°�Ç ¨³ 10 �ÊÎµ Å�oÂ�n �»�Å¤nÁ� º̈°��·ª (control) �»� 0.5% H-CTS 
coating �»� 0.5% M-CTS coating �»� 1% H-CTS coating Â¨³�»� 1% M-CTS coating �ÎµÂ�n¨³�»�Å�Ä­n�³�¦oµÂ¨³Á�È�
¦́�¬µ�̧É 25+3oC �ªµ¤�ºÊ� ­́¤¡´��r 65-70% ���¦³�́É�¤³¤nª�Ä��»� control Á�·�Ã¦��¦� 100% �¹��º°Á�}��»�­·Ê�­»��µ¦«¹�¬µ 
2.  chitosan-based multicoating  

­»n¤¤³¤nª��µ�Â�n¨³�»��µ¦��¨°�¤µª·Á�¦µ³®r�»�£µ¡Â¨³­µ¦­Îµ�́��»�Ç 2 ª´� Å�oÂ�n �µ¦­¼�Á­̧¥�ÊÎµ®�´�­� �ªµ¤
Â�n�Á�ºÊ° �¦·¤µ��°�Â�È��¸É¨³¨µ¥�ÊÎµÅ�o (TSS) �¦·¤µ��¦��̧ÉÅ�Á�¦�Å�o �µ¦Á�¨̧É¥�Â�¨�­̧Á� º̈°�Â¨³Á�ºÊ° ¦o°¥¨³�°��µ¦Á�·�
Ã¦�Á¤ºÉ°¡�¤³¤nª��¸É¤̧�»�­̧�Îµ�°�Ã¦�Â°�Â�¦�Ã�­Ä®�n�ªnµ 0.5 �¤. �¦·¤µ�Á°�µ�°¨ Â¨³­µ¦�oµ�°�»¤¼¨°·­¦³�¸É­Îµ�́�Ä�
¤³¤nª� Å�oÂ�n �¦·¤µ�¢eÃ� ·̈� �¦·¤µ�¢¨µÃª�°¥�r Â¨³�·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³Ä�¦¼��°� DPPH  

 
 

Á¤ºÉ°Á�¦̧¥�Á�¸¥��́� control Ä�ª´�­»��oµ¥ ¡�ªnµ�µ¦Á� º̈°�®¨µ¥�́Ê��¸ÉÄ�oÅ�Ã��µ��ªµ¤Á�o¤�o� 1% ­µ¤µ¦��³¨°
�µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�´�­� (Figure 1a) Â¨³���ªµ¤Â�n�Á�ºÊ° (Figure 1b) Å�o�̧  Ã�¥¤̧�µ¦Á�·�Ã¦�Å¤n�¹� 10% Ä�ª´��¸É 8 �°�
�µ¦Á�È� (Figure 1c) �¹�Â¤oªnµ�µ¦Á� º̈°�®¨µ¥�´Ê��¸ÉÄ�oÅ�Ã��µ��ªµ¤Á�o¤�o� 0.5% ¤̧�¦³­·��·£µ¡Ä��µ¦¨��µ¦­¼�Á­̧¥
�ÊÎµ®�´�Â¨³�µ¦���ªµ¤Â�n�Á�ºÊ°�°��¨�o°¥�ªnµ�µ¦Ä�oÅ�Ã��µ� 1% Â�n�µ¦Ä�o 0.5% MCTS/PSS Å¤n¡��µ¦­³­¤Á°�µ�°¨
Ä�Á�ºÊ°¤³¤nª� Â�n¤³¤nª��¸ÉÁ� º̈°��oª¥ 0.5% H-CTS, 1% H-CTS Â¨³ 1%  M-CTS ¡�Á°�µ�°¨Ä�ª́��̧É 6 ¥·É��ªnµ�´Ê� Ä��µ¦
Ä�oÅ�Ã��µ��ªµ¤Á�o¤�o� 1% ¤̧�ªµ¤�·����·�°�­̧¦nª¤�oª¥ �º° ­̧�°�Á� º̈°�Â¨³Á�ºÊ°¥́���Á�}�­̧Á�¸¥ª�¨°��µ¦Á�È�¦́�¬µ 
(Figure 1, Table 1) 
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Figure 1 Changes in weight loss (a), fruit firmness (b), and disease incidence (c) of mangoes multicoated and 

stored at 25+3oC for 8 days. Vertical bars indicate +SD (n=10). 
 
Table 1 Effect of chitosan and polystylene sulfonate multicoating on characteristics of mangoes on day 6.  
 

 Treatments TSS (oBrix) TA (%) Hue angle of peel Hue angle of pulp 
Day 0 9.78+0.68 2.88+0.37 108.03+2.49 105.13+1.44 

Day 6 control 17.20+0.59a 0.99+0.07c 89.49+1.36c 95.50+1.33b 

0.5% H-CTS coating 15.48+0.42b 1.76+0.03b 98.73+1.7b 98.64+1.59b 

0.5% M-CTS coating 16.63+0.35ab 1.51+0.05bc 93.12+2.8b 97.06+2.48b 

1% H-CTS coating 10.62+0.89c 2.48+0.06a 102.56+1.48a 103.47+1.72a 

1% M-CTS coating 10.57+1.40c 2.25+0.04a 103.79+2.60a 102.52+2.16a 

 Treatments Phenolic content 
(μg GA/g FW) 

Flavonoid content 
(mg QE/100 g FW) 

 Antioxidant activity 
(mg/100 FW) 

Ethanol content 
(mg/g FW) 

Day 0 616.48+2.37 30.24+2.37 89.12+1.46 0 
Day 6 control 524.57+3.85c 24.93+2.48c 78.52+1.36b 0 

0.5% H-CTS coating 573.62+3.71a 26.25+2.91b 83.58+2.24a 0.01+9.86 

0.5% M-CTS coating 546.83+4.08b 26.77+1.35b 82.10+3.09a 0 
1% H-CTS coating 592.46+3.40a 28.39+1.86a 82.56+2.33a 0.05+12.35 
1% M-CTS coating 588.92+2.78a 28.48+2.00a 82.97+2.68a 0.03+13.47 

Means with the same letters within a column are not significantly different (p = 0.5). 
 

 
�µ¦Á� º̈°��·ª¤³¤nª��oª¥Å�Ã��µ�¦nª¤�́�Ã¡¨̧­Å�¦¸��́¨Ã¢Á�� ­µ¤µ¦��³¨°�µ¦Á­ºÉ°¤�»�£µ¡Â¨³�µ¦­¼�Á­̧¥­µ¦ 

­Îµ�́��°�¤³¤nª��ÊÎµ�°�Å¤oÅ�o Á¤ºÉ°Á�¦̧¥�Á�̧¥��»�£µ¡¤³¤nª��¸É�ªµ¤Á�o¤�o�Á�̧¥ª�́� �´Ê��¸É�ªµ¤Á�o¤�o� 0.5% Â¨³ 1% ¡�ªnµ 
Å�Ã��µ��¸É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨­¼�­µ¤µ¦�¦́�¬µ�»�£µ¡�°�¤³¤nª�Å�o�̧�ªnµ�µ¦Ä�oÅ�Ã��µ��̧É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨�ÉÎµ�ªnµ Á�ºÉ°��µ�
¢d r̈¤�¸ÉÁ�·��µ�Å�Ã��µ��̧É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨­¼�­µ¤µ¦�Á� º̈°��·ª¤³¤nª�Å�o�̧�ªnµ �¹��ª��»¤�µ¦Â¡¦n�nµ��°�°°��·Á��Â¨³�ÊÎµ
Å�o�̧�ªnµ�oª¥ (Jongsri et al., 2016) �oª¥Á®�»�¸Ê °´�¦µ�µ¦®µ¥Ä�Â¨³Á¤Â��° ·̈�¹¤�nµ�Ç �°�¤³¤nª��¹��¼��ÎµÄ®o�oµ¨� �µ¦Ä�o
�¦�°·��¦̧¥rÄ��¦³�ª��µ¦®µ¥Ä� �µ¦Á¡·É¤�¹Ê��°��¦·¤µ��°�Â�È��¸É¨³¨µ¥�ÊÎµ �µ¦Á�oµ­¼n¦³¥³�µ¦­»� Â¨³�µ¦Á�¨̧É¥�Â�¨�­µ¦
£µ¥Ä�Á�¨ r̈�¹��oµ¨�Á�n��́� (Baldwin et al., 1999) ¦ª¤�¹��µ¦­¼�Á­̧¥­̧Á�¸¥ª�°�Á� º̈°��¸É�oµ¨� �¹É�Á�·��µ��µ¦­¨µ¥�́ª�°�
�¨°Ã¦¢d¨ r̈�µ���·�·¦·¥µ°°��·Á��́É��¸É¨�¨� (Fang et al., 1998) �ÊÎµ�¸É�³­¼�Á­̧¥Ä®o�́��¦¦¥µ�µ«£µ¥�°��³�¼��̧��ªµ��oª¥
­µ¦Á� º̈°��·ª ­n��¨Ã�¥�¦��n°�µ¦¦́�¬µ�ÊÎµ®�´�­�Â¨³�ªµ¤Â�n�Á�ºÊ°�°�¤³¤nª� (Prasad et al., 2016) Â¨³�µ¦�̧É¤³¤nª�Ä�

(a)                                                                    (b)                                                                                  (c) 
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�»�Á� º̈°��·ªÁ�·�Ã¦�Â°�Â�¦�Ã�­�o°¥¨� Á�}��¨¤µ�µ��»�­¤�´�·Ä��µ¦�oµ�Á�ºÊ°¦µ�°�Å�Ã��µ� (Singburaudom & Piasai, 
2011; Shiekh et al., 2013) �́��´Ê�Á¤ºÉ°Á¡·É¤�ªµ¤Á�o¤�o��°�Å�Ã��µ� �¹��nª¥¨��µ¦Á�·�Ã¦�Å�o�̧¥·É��¹Ê� °¥nµ�Å¦�È�µ¤ �µ¦¡�     
Á°�µ�°¨Ä�¤³¤nª��̧ÉÁ� º̈°��oª¥ 0.5% H-CTS/0.5% PSS/0.5% H-CTS Â¨³Å�Ã��µ��̧É�ÊÎµ®�´�Ã¤Á¨�»¨¦³�́��¨µ�Â¨³
¦³�́�­¼��¸É�ªµ¤Á�o¤�o� 1% Á�ºÉ°��µ�¤̧�¦·¤µ�°°��·Á��Á�oµ­¼n¤³¤nª��o°¥Á�·�Å� �¦³�´É�Á�·��¦³�ª��µ¦®µ¥Ä�Â��Å¤nÄ�o
°°��·Á�� ¤̧�µ¦� ·̈�Á°�µ�°¨Â¨³Á�·�­£µª³�µ¦­»��·����· (Baldwin et al., 1999)  �́��´Ê��µ¦Á� º̈°��·ª�oª¥ 0.5% M-
CTS/0.5% PSS/0.5% M-CTS ­µ¤µ¦��³¨°�µ¦Á�¨̧É¥�Â�¨��»�£µ¡Â¨³­µ¦­Îµ�́�Ä�¤³¤nª��ÊÎµ�°�Å¤oÅ�oÃ�¥Å¤n¡��µ¦
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