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Abstract 

Project Code : MRG4980029 

Project Title : Application of Antifungal Compounds in Unripe Mango Latex to 

Prevention Postharvest Disease of Mango Fruit 
Investigator :  Wilawan Kumpoun 

Key word : Antifungal compounds, mango latex, Postharvest disease, Mangoes  

In the previous study, it was found that mango latex had antifungal compounds which 

inhibited Colletotrichum gloeosporiode the cause of Anthracnose disease in mango fruit. This 

present research has 5 experiments. The first experiment was finding a method for collection 

and extraction of antifungal compound fraction using various solvents. The second experiment 

was determined the antifungal chemical properties of antifungal compound from crude extracts 

of mango latex by Column Chromatography and Gas Chromatography Mass Spectrum (GC-

MS). In addition, physical and chemical properties of each fraction was determined.  The third 

experiment was finding the cultivars and maturity stage which have highest yield of antifungal 

compounds in the latex from seven cultivars. The fourth experiment was studying relationship 

between the amount of antifungal compound from crude extract and the susceptibility to 

anthracnose disease of eight cultivars of mango. The fifth experiment was to apply the 

appropriate method to use antifungal compound from mango latex to prevention postharvest 

disease of mango fruit. The results found that antifungal compounds in mango latex presented 

only in water insoluble fraction. Dichloromethane was the most suitable solvent for extraction 

water insoluble fraction. Column chromatography and GC-MS analysis indicated that there 

were 4 groups of compound in the crude extract. Essential and resorcinol derivative were two 

major compound found in the crude extract which have antifungal properties. Therefore, crude 

extract from mango latex extracted could be used for prevention postharvest disease of 

mango.  Among 7 cultivars of mango, ‘Mahajanaka’ had the highest amount of crude extract 

and at mature green stage. Moreover, the results showed relationship between the amount of 

antifungal crude extracted and the susceptibility to anthracnose disease. The most tolerant 

cultivar ‘Keaw’ had the highest amount of crude extract. In other hand,  the susceptible cultivar 

‘Nam Dok Mai’ had the lowest amount of antifungal crude extract in the latex. Furthermore, the 

amount of total latex did not influence the prevention effect.   The possibility method for apply 

antifungal compounds for prevention postharvest disease of mango was  mixed with coating 

materials for coated mango fruit, dissolved in ethanol solution for dipping at 55 °C for 5 

minutes.   In conclusion, the high benefit for prevention postharvest disease of mango, dipping 

and coating  should apply used together.   
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Colectrotrichum gloeosporioides (Johnson et al., 1991 ) 

 Alternaria alternata (Cojocaru et al., 1986) 

   C. gloeosporioides  
        

  (Johnson et al., 1991)  
    

   
    

 spore masses -  (Johnson et al., 1991; Johnson et 
al., 1995)   

 

     
      

        
   

 Prusky (1997) 

    
    
 Phytoalexins    

   
  

 (Ben-Yehoshua et al., 1988; 

Ben-Yehoshua et al., 1992; Prusky et al., 1983) Prusky et al., (1997) 

 C. gloeosporioides    Kumpoun et al. (1997) 

 
 Cladosporium cladosporioides .    Cojocaru  et al. 
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(1986)  5-(12-heptadecenyl)-resorcinol 

 Alternaria alternata   
 Resorcinol 

derivative  (   2536)  C. 
gloeosporioides  

 C. gloeosporioides  Resorcinol derivative 

 (  2536; Kumpoun et al. 1998)    
 (  

2539)    
 

 
  

 Saby John et al. (1999) 

 7  GC-MS   
 Monoterpene viz., ß-myrcene, tran-/cis-ocimene  limonene 

  Saby John et al. (2003) 
 4   

   Polyphenol oxidase  peroxidase  

   
 C. gloeosporioides 

     (  2.1)  
 

 (Kumpoun et al., 2005.)   

Bandyopadhyay, et  al. (1985)  5[2(Z)-heptadecenyl]-resorcinol 
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            1            2             3            4            5              6             7            8            9           10 

 2.1  TLC  
 (1)  (2)  (3)  (4) 

 (5)  TLC 

  (6)  (7)  (8) 

 (9)   (10) Kumpoun et al. (2005) 

 

 
  

   (hot water)  (heat vapor)  (hot air) 

    2546  conidia suspension  C. 
gloeosporioides  55  5  

 1.32   14.9  
 55   5   80    

 Jacobi and Giles (1997)  
Kesington  47   15  

 53   5  
 47   15   10  

  5   22   5  10  



6 

 

  (lenticel)  
    

(2551)  55   5 

 46   10  
  Prusky et al. (1999) 

  56-64   15-20   
Tommy Atkins  55   5  

 48 – 64   Keitt   Lilly  
 48 – 60   Haden  Palmer  

Kent  64   55   50 
   (2554)  53  

 5   2   47 
 20    

 (2545)  55   5  10  
  

  
  

 
    

 
 ( , 2540; Garcia et al., 1998; Chen and Nussionovitch, 2000; Diab et al., 2001) 

 Hagenmaier (2000) 

  
    

(Hagenmaier and Baker, 1993; 1994a; 1994b)  
  carnaubar wax,  (resin)      

   
   

  (Hagenmaier and Baker, 1994 (a); 

(Hagenmaier and Baker, 1994 (b); Hargenmaier, 1999; Hargenmaier, 2002; Hargenmaier et.al, 
2002)    
Garcia et al. (1998)  sorbitol  glycerol  
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  Diab et al. (2001)  Pullulan  extracellular 

polysaccharide  Aureobasidium pullulans   sorbitol  sucrose fatty acid ester 

    Chen and Nussinovitch (2000) 

 Xanthan  locust bean gum   (2540) 

 
 Star-fresh     

  Hoa and Ducamp (2008) 

 cat Hoa loc  carnauba 

 (27-31 )  
 soybean lecithin  3  

  (2545)  0.5 
 55   5  

  Prusky et al. (1999) 
  

 
 

  
   

  Imazalil  
 

   
 Gutierrez-Martinez et al.   30  

 50    Pestalotia mangiferae  Curvularia 
lunata  Tommy Atkins 
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 1   

1.1   
  

   
  

 ( )   
   3.1 

  5  
     

  2-3  
  (  5 )  

  
 

 

  
 

                                            3.1  
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1.2  
  

  
 1.1  (30 ) 

  

-  70   

-  95   
-  100   
-  100    
-  100   

  
  1  3  1   

5   
 

C. gloeosporioides  Bioassay  

1.3  C. gloeosporioides  Bioassay  
 C. gloeosporioides  

1.    C. gloeosporioides  Potato 

dextrose agar (PDA)  25% lactic acid 2 – 3  Malt yeast extract 

agar (MYA) (spore masses)  
  106spore/ml 

 Hemacytometer   

  2.  
 (ethanol  dichloromethane)  20   

cellulose acetate filter (pore size 0.45  ; Sartorius® AG37070)   1 X 1 

cm.    
20    

 12  (   6 ) 

  lactophenol cotton blue 

 (ethanol  dichloromethane)  cellulose 

acetate filter  C. gloeosporioides  
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 2 
 

2.1       
  (100 )  
100      5 - 10  

   
  3 

 1   
 1.2 

 Column Chromatography  3 
  40   Silica gel    

2539     1 
 40   (Fraction)  20 

  15   

-  100   
-  90   10  

-  80   20  

-  60   40  

-  59.4   39.6   1.0  

-  57.1   38.1   4.8  

-  54.5   36.4   9.1  

2.2 

 Thin layer chromatography (TLC)  

 Thin Layer 

Chromatography (TLC)    254 60 GF 

 hexan : ethylacetate : methanol  60 : 40 : 1 

   solvent front 

 
  

 
  

C. gloeosporioides  TLC-bioassay 
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2.3   TLC-bioassay  

 Thin Layer 

Chromatography (TLC)    hexan : ethylacetate : methanol  60 : 40 : 1 

    Bioassay 

 C. gloeosporioides   
1.   PDB  10 . 

   5      loop    
   PDB  

  PDB  1  5    

 2.  (moist chamber) 

        

 3.   TLC  2.2  
  3    (inhibition  

zone)  

2.4  

    Gas 

Chromatograph-Mass Spectrometer (GC-MS) Shimadsu Japan 
 

 Gas Chromatograph-Mass Spectrometer (GC-MS)  

 

 3 
  

3.1   
 7      

      .  
 (mature green)  10  5  

   
  3   1 
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-  
 

-  60  

 

3.2 
    

 77 – 126    
 7    1 

   1.2 
 

 
 4. 

  8 
 

 (Mature green)  
 .   8         

    30   1.1 
 1.2  

Thin Layer Chromatography  
 2.2  GC-MS 

 2.4  
 C. gloeosporioides  4 x 105   20  

   
 C. gloeosporioides 

 1.3  
   1.0 

  2.0    6    C. gloeosporioides 
 50    

 25    (
 50  )  
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 20    20  
    

  
 

 5 
  

5.1   
 

  
  5 – 10 

   
     

   
    

A =   
B=  55   5   
C=    55   5  

D=   55   5  

E=   

F=  1000 ppm  
G=   
H=  Teva  
I=  Teva  1000 ppm   

J=  Zivdar  Imazalil 

 25   
 2  20   10 

   
 2    

-   

-  

   
 0  

 1   10  
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 2  10 – 20  

 3  20 – 30  

 4  30 – 40  

 5  40 – 50  

 50   
-      
-  

   

-  

-  

-  

-   

 9  

 1  

 2  

 3  

 4  

 5   

 6   
 7  

 8  

 9  

 

5.2  

 
 

  5 – 10   
    

   
    

-  

-  55   5  

-  100 ppm.  55   5 
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-  1000 ppm.  55   5 
 

-  1000 ppm.  25   5  

-  Bacillus  5 /  1   40   5 
 

 25   
 2  20   10 

   
 3    

    
       

   5.1  
 

5.3 

 

  
   

   
 9   

1.   

2.  E (     2, 
10, 15  0.4 )  

3.  F (     
 2, 15, 10, 0.4  0.2 ) 

4.  G (     4, 15, 
10, 0.8 )  

5.  (T)  
6.  55   5   
7.  10    55   5  

 (T)   
8.  10    1000 

ppm  55   5   
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9.  10    2000 
ppm  55   5  

 25  
   30   

  3   
 20    

    10 

      
   5.1 

5.4  
 2   1 

   
      

   
 3   E F  G  (Teva) 

  25  
  30   12 

     
  4   

  3   
   

 E     2, 10, 15  0.4   
 F      4, 15, 10, 0.4  0.2 

 

 G      2, 15, 10, 0.8  0.2 
 

  
    

   5.1 
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 4 

 

 

 1  
 

1.1   

 
   

 (  5 )    
 5-10  

  2-3  
  

  
  

  
1.2  

   
70  100        

  
 (  1)  
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 4.1 

  
 

  

70 %   

100 %    
 

   
 

   
 

 
 

 

1.3  C. gloeosporioides  Bioassay  
 2 

  C. gloeosporiodes. 
 

 
 (  4.1  4.2)   

 
 

  
 

 
    

 
 

 ( , 2536; 

, 2536; Kumpoun et al, 1998) 
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 ( , 2539) 

 
 

 

 
  

 4.1  
C. gloeosporioides 

 
 

 
              

     4.2 

 C. gloeosporioides 
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 2 
 

2.1       
 

 Column Chromatography   
 14  (  4.2)  :  

 :   100 : 0 : 0  1   7-10 
 90 : 10 : 0   1   9-13  80 : 20 : 0   2 

  2  7-12  60 : 40 : 0  5  
 1-2, 3-4, 5-10, 11-12, 13  60 : 40 : 1  1  

 6-8  60 : 40 : 5  2   3-5  8-10

 60 : 40 : 10   2   1-2  6-9 

  60 : 40 : 0  85.29 

 5-10  60.35  
 1-2, 3-4, 11-12, 13  0.37, 8.49, 9.81  6.27  

 100    9.40   
   

2.2  Column Chromatography 
 Thin Layer Chromatography (TLC)  

 Thin 

Layer Chromatography (TLC)    hexane : ethylacetate : methanol  60 : 40 : 1 

   
    :   :  

 80 : 20 : 0  7-12  3  Rf 0.6.2, 0.60, 

0.51,   60 : 40 : 5  3-5   2  Rf 0.06, 0.13 

 8-10  3  Rf 0.03, 0.05  0.66  60 : 

40 : 10  1-2  2  Rf 0.13, 0.02  6-9  2  
Rf 0.13, 0.02 (  4.3) 
2.3   TLC-bioassay 

 
Thin Layer Chromatography (TLC)    hexane : ethylacetate : methanol  60 : 40 : 1 

   Bioassay 
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 C. gloeosporioides   100  

  :   :   60 : 40 : 0 
 5-10  C. gloeosporioides 

  ( 4.3   4.3)  
 

 4.2  

Column Chromatography 

 

  

 :  
:  

 
 ( .)  

 
( ) 

1 100. : 0 : 0  300 7-10 9.4 

2 90 : 10 : 0  300 9-13 1.24 

3 80 : 20 : 0  300 2 

7-12 

0.41 

0.49 

4 60 : 40 : 0  300 1-2 

3-4 

5-10 

11-12 

13 

0.33 

8.49 

60.35 

9.81 

6.27 

5 60 : 40 : 1  300 6-8 1.57 

6 60 : 40 : 5  300 3-5 

8-10 

0.99 

0.41 

7 60 : 40 : 10  300 1-2 

6-9 

0.16 

0.08 
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 4.3  C. 
gloeosporioides  Column 

Chromatography  
 

  
 :  

:   

  

1 100. : 0 : 0 7-10  1  Rf 0.8  
2 90 : 10 : 0 9-13 1  Rf 0.75  

3 80 : 20 : 0 2 

7-12 

1  Rf 0.73 

3  Rf 0.6.2, 0.60, 0.51 

 

 

4 60 : 40 : 0 1-2 

3-4 

5-10 

11-12 

13 

1  Rf 0.47 

1  Rf 0.47 

1  Rf 0.43 

1  Rf 0.45 

1  Rf 0.0.45 

 

 

 

 

 
 

5 60 : 40 : 1 6-8 1  Rf 0.23  

6 60 : 40 : 5 3-5 

8-10 

2  Rf 0.06, 0.13 

3  Rf 0.03, 0.05, 0.66 
 

 

7 60 : 40 : 10 1-2 

6-9 

2  Rf 0.13,0.02 

2  Rf 0.13,0.02 
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                                          A                         B                        C                            D 

 
                 E                             F                         G 

 4.3   TLC  bioassay  C. gloeosporioides 
 : :

   A= 100 : 0 : 0, B= 90 : 10 : 0, C= 80 : 20 : 0, D= 60 : 40 : 0, E= 

60 : 40 : 1, F= 60 : 40 : 5, G= 60 : 40 : 10 
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2.4  

    max 235  278 

 (  4.5) 

 (kumpoun, et al.,  2004)  
 

 Gas Chromatograph-Mass Spectrometer (GC-MS)  
 

 Gas Chromatograph-Mass Spectrometer (GC-MS)  
 thin layer chromatography 

  4   1  6.17-7.54  2 

 12.3-13.4  3  29.3-29.8  4 

 36.2-37.3  4.5  
 C. gloeosporioides  Bioassay 2   100 

   :   :   60 : 40 : 0 
 5-10   Gas 

Chromatograph-Mass Spectrometer (GC-MS)  
   100   retention time 8.76 

-15.54 (  4,6)  Chromatograph  2 

 retention time 12.3-13.4  mass spectrum 
 essential oil    :   : 

  60 : 40 : 0  5-10   2    retention time 

29.3 -29.9  36.38 – 37.64 (  4,7)  Chromatograph 

 3  retention time 29.35 – 29.86   4  retention time 36.24 – 

37.37  mass spectrum  resorcinol   

  :  
 :   60 : 40 : 0  

 resorcinol  Thin layer chromatography   :  
 :   60 : 40 : 1  Rf  5-(12-heptadecenyl)-resorcinol 

  Alternaria alternata 

 (Cojocaru  et al., 1986)  
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 Resorcinol derivative 

 (  2536; , 2536;  2539; , 2539) 
 Rf    (Kumpoun, et 

al.,  2005,)  Bandyopadhyay, et  al. (1985)  5[2(Z)-

heptadecenyl]-resorcinol  

 
  100   essential oil   Saby John et al. 

(1999)  7  GC-MS  
  Monoterpene viz., ß-myrcene, tran-/cis-

ocimene  limonene  
  High 

Pressure Liquid Chromatography (HPLC)  
 Column Chromatography   Thin Layer Chromatography 

 C. gloeosporioides  

 

   5   
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 4.4 

 UV-VIS spectrograph  
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                           1        2               3        4 

 4.5   GC-MS 
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 4.6  100  
  GC-MS 
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 4.7   :  :   
60 : 40 : 0   GC-MS 
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 3 
  

3.1  

 7  
 C. gloeosporioides 

  
    

      50.2, 38.1, 19.1, 15.7, 

8.4, 6.8  1.0   
      

    1361.5, 773.3, 497.0, 384.3, 374.6, 338.8  96.3 

  (  4.3) 

  
 

 

  
   50  
   

 
  

 

 4.4     
  

 ( ./ .) 
 

 ( ./ .) 
%   

 

%  

 

 50.20 1361.45 6.823 93.18 

 1.01 384.25 0.263 99.74 

 19.10 497.01 3.701 96.30 

 8.35 338.79 2.405 97.60 

 6.80 773.3 0.872 99.13 

 15.66 96.28 13.993 86.01 

 38.05 374.63 9.220 90.78 

3.2 
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 77 – 126  
  7   

 77   1979.58, 

 
 126   634.24  

 77   1616.08  126   
589.31   ( ) 

   98   138.97 

  126  
 44.94   (  4.8) 

 3.78 

  77  
 98  9.3   (Mature green) 

  8.22  126  (  4.5)  

 
  

 
  (  

2536; Kumpoun et al. 1998) 

  
 

 
 

 
 

 

 



 32 

 
 4.8   

  
 

 4.5   
   

 

 

 

 
( ./ .) 

 

 ( ./ .)
 

 ( ./ .) 
%   

 

% 

 

 

77  1679.58 63.50 1616.08 3.78 96.22 

84  1580.07 64.73 1515.34 4.10 95.90 

91  1563.72 89.95 1473.78  5.75 94.25 

98  1493.75 138.97 1354.78 9.30 90.70 

105  1297.72 118.53 1179.19 9.13 90.87 
112  1204.81 99.03 1105.78 8.22 91.78 

119  982,70 53.65 929.05 5.46 94.54 

126  634.24 44.94 589.31 7.09 92.91 
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 4 
  8   

 8  
 

    
       

158.2, 86.9, 63.9, 51.0, 28.6, 19.3, 13.4  7.9   
 

       
    20.9, 13.3, 11.3, 11.0, 9.0, 9.0, 2.7,  2.0  

(  4.6)  Thin Layer 

Chromatography   2  
     4   

   5  (  4.9)  

 GC-MS    4  4.5 

  1  
essential oil       

     1  49.2, 46.2, 36.2, 

35.9, 20.9, 0.9, 0.6  0.5    4 

 43.4, 46.2, 54.2, 53.3, 63.1, 82.1 89.7  93.9   
(  4.7)      

 C. gloeosporioides 
 25   

 
        
    10   0.7, 0.9, 1.0 1.9, 2.1, 

4.9  6.1   (  4.10)  25 

  10   
  

    
 (  4.11) 
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  C. 
gloeosporioides  

  
 (  2539) 

   

  GC-MS  1  essential 

oil  
  1  

  
 1   

 essential oil  3  4  
 resorcinol  

 4.6  8   
           

 ( ./ .)
 

 ( ./ .) 
%   

 

%  

          
 19.31 955.92 1.980 98.02 

 13.40 478.40 2.724 97.28 

 7.91 61.57 11.384 88.62 
 28.56 186.35 13.288 86.71 

 158.23 598.63 20.906 79.09 
 51.03 414.80 10.955 89.05 

 86.94 876.99 9.019 90.98 

 63.86 643.74 9.025 90.98 

     



 35 

 4.7  GC-MS  4  
 8   

   1  2  3  4 

 46.83 3.34 3.68 46.16 

 20.91 5.37 10.66 63.07 

 36.19 1.86 7.75 54.20 

 49.21 2.03 5.39 43.36 

 0.93 0.57 16.39 82.12 

 35.87 5.30 5.59 53.25 

 0.65 2.47 7.14 89.74 

 0.49 0.09 10.12 89.31 

 

 

 
                                            

 4.9 Thin Layer Chromatograph 

 8  
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0

1

2

3

4

5

6

7

8

0 5 10 15 20

 
 4.10  C. gloeosporioides  4 x 105  

  8   25  
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 4.11  8   C. gloeosporioides  4 x 105 

  25   10  
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 5.  

5.1   
 

  
  10  

 Teva  1000 ppm (J) 

 Zivdar  Imazalil (I)  
   Teva (H),   (A), 

 55  5  (B),  (E), 

 1000 ppm (F),  (G),    55 
 5  (C)   55  5  (D) (  4.12) 

 25   
 Teva  3  

 6 - 8   8  
 21   8   

    
  

 13 – 18  (  4.13)  
     

   

  
  Teva 

  Zivdar 
 Teva  Imazalil 

 Teva 

 Imazalil 
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 55   5  
  

 Prusky et al. (1999)  56-64 
  15-20   Tommy Atkins 

 55   5   48 – 64  
 Keitt   Lilly   48 – 60  
 Haden  Palmer  Kent  64  

 55   50  
 55   5 

  
   Prunsky et al.  48-64  15 – 20  

  (2554) 
 53   5   2  

 47  20  
  

   

  
 55   

 
  

   
 

 Teva

  Teva 
  (2545) 

 0.5   
 

  Hagenmaier and Baker, (1993; 
1994a; 1994b) 



 40 

  
  (2552) 
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0
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