[bookmark: _Hlk196307644]Antifungal Gallotannins in Mango (Mangifera indica): Distribution in Aerial Tissue and Role in Anthracnose Resistance






.     
.
              . 
                     
	.
..
.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM
ABSTRACT 
	
Aims: The present study investigated the presence of antifungal Gallotannins in aerial parts of the mango tree; namely florets, young flush and mature leaves which are also subjected to diseases such as anthracnose. The decline of gallotannin activity in fruit peel and the correlation with anthracnose lesion expansion in inoculated fruit was also investigated
Study design:  The experiment was performed twice using three replicates per each trial. Data were analyzed for variance in a completely randomized design.
Methodology: Florets, flush and mature leaves were collected from cultivar ‘Kohu’. Fruits of cultivar ‘Karutha colomban’ which is resistant to anthracnose were used for inoculation of fruits with conidia of Colletotrichum gloeosporioides. Disease development was assessed daily by measuring lesion diameter. Peel of fruits were also obtained to extract antifungal compounds on day 1, 3, 5, 7 and 9 after harvest. Extraction of antifungal compounds from leaves, flush, florets or fruit peel was done using vacuum infiltration method with dichloromethane and methanol (1:1) as the extraction solvents. The extract was evaporated to dryness using a rotory evaporator and the dry residue was used in TLC bio-assay. The amount of Gallotannin antifungal activity was assessed by obtaining the inhibition area at Rf. 0.00 on thin layered chromatography plates (TLC).
Results: The amount of gallotannins as seen by the inhibition area on TLC bio-assay is significantly (P = .05) higher in florets (285±29.29) and unripe fruit peel (256.66±29.48) when compared with vegetative leaves (111.67±4.4). The amount of gallotannins in fruit peel declined by approximately 20% by the time anthracnose lesions initiated. 

Conclusion: Not only mango fruit peel, but mango florets, flush and mature leaves also contain antifungal gallotannins.
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1. INTRODUCTION 

Detailed structural studies on the polyphenolic compounds in mango peel, pulp and seed kernel of cultivar ‘Tommy Atkins’ was carried out (Berardini et al., 2004).  Phenols were extracted and then characterized by HPLC and electrospray ionization mass spectrometry.  Eighteen gallotannins and five benzophenone derivatives were detected in the peel, while twenty-one gallotannins were found in the kernels and eight in the pulp.  
These gallotannin compounds became linked with the natural defence mechanism of immature mango fruit following studies on the local mango cultivar ‘ Karutha colomban’. Constitutive defences, consisting of antifungal resorcinols, gallotannins and chitinases, were shown to be the basis of resistance of immature mango fruits to fungal infections (Karunanayake et al., 2011). A mixture of three closely related gallotannins with glycosidic linkages, in the peel of unripe mangoes were isolated and characterized (Karunanayake et al., 2011). Antifungal activity due to gallotannins was higher in the fruit peel at harvesting maturity and declined gradually with ripening (Karunanayake et al., 2011).  Further, the cultivars that were more resistant to anthracnose demonstrated higher gallotannin activity in the unripe fruit peel while those cultivars that were more susceptible to anthracnose showed lower gallotannin activity (Karunanayake et al., 2011, 2014). A significant negative correlation was present between the level of gallotannins in the ripe fruit peel and anthracnose development among the mango cultivars examined (Karunanayake et al., 2014). The level of gallotannins retained in the ripe fruit peel appears to be the most crucial factor in keeping the ripe fruits resistant to anthracnose (Karunanayake et al., 2014).  
Considering its therapeutic effects, gallotannins and other associated polyphenols present in mango fruit peel and seed kernel act in the gut as gut prebiotics and have a beneficial effect on the intestinal  microbiome and intestinal health (Kim et al., 2021).  Further, gallotanins present in mango peel and seed kernal were found to have antiproliferative effects on breast, liver and leukemia cancer cells (Fenglei Luo, et al., 2014) and therefore the gallotannin-rich extracts of mango kernel and peel may serve as natural sources of anticancer agents and may have important pharmaceutical potential (Fenglei Luo, et al., 2014). Gallotannins in mango are also reported to have antibacterial properties (Abdalla et al., 2007, Kabuki et al., 2000) and Gram positive food borne bacteria were found to be more susceptible to gallotannins than the Gram negative (Engels  et al., 2011).  The antioxidant and antifungal (antiyeast) properties of mango (Mangifera indica) peel and seed by-products were investigated using three mango cultivars (Dorta et al., 2016). All mango extracts showed antifungal activity and this activity was due to high levels of proanthocyanidins, gallates and gallotannins in the extracts (Dorta et al., 2016). 
The work on mango gallotannins have so far focused on mango fruit peel or seed kernel. Anthracnose caused by Colletotrichum gloeosporioides is a quiescent infection in mango fruits which often originates or is first seen in mango leaves, flush and florets and from these parts the infection spreads to the developing fruits. The present study aims to investigate the possible presence of gallotannins in relation to other aerial parts of the mango tree such as mature leaves, flush and florets which are also susceptible to infections by fungi such as C. gloeosporioides. And also look into the gradual decline of gallotannins in fruit peel after harvest and how it coincides with anthracnose lesion development. 

2. material and methods 

2.1 Plat material
Healthy florets from the mango inflorescence, healthy young flush and healthy, undamaged mature leaves were collected from “Kohu amba’ trees growing in home gardens.  
Fruits- healthy, unblemished fruits at harvesting maturity of commercially valuable cultivar ‘Karutrha colomban’ reported to be a cultivar more resistant to anthracnose [3] were used to look at the gradual decline in gallotannins after harvest. Six fruits were inoculated with the anthracnose pathogen while 15 fruits were kept aside until ripe stage (day 09) for obtaining peels. Peels were obtained (destructive harvesting) from 3 fruits each day to extract antifungal gallotannins. 
.  
2.2 Inoculation for anthracnose
A suspension of conidia (105 conidia/ml) of C. gloeosporioides was prepared (Karunanayake et al., 2011).  Six fruits of equal dimensions at harvesting maturity were selected for inoculation. Fruits were surface disinfected with 70 % alcohol and then allowed to air dry.  Three drops (20 μl each) of the suspension of conidia were placed on the surface, along the long axis, of each fruit and the area around each drop was marked with an ink pen.  After inoculation fruits were placed in moist chambers.     Once anthracnose lesions developed, the diameter of lesions was taken (in mm) using a ruler on two axis at right angles to each other. The average value was obtained and used to calculate the disease area. 

2.3 Extraction for antifungal compounds

Healthy florets (10 grams) were extracted in dichloromethanol:methanol (1:1, v/v) (100 ml) by vacuum infiltration.  Extracting, partitioning and subsequent drying of each phase (dichloromethane phase and aqueous methanol phase) were carried out as described in literature (Karunanayake et al., 2011, Karunanayake et al., 2021).  The same procedure was followed for flush, mature leaves and peel of fruits.  Peels were obtained on days 1, 3, 5, 7 and 9 after harvest. 

2.4 TLC bio-assay for antifungal compounds

An amount of crude extract equivalent to 0.5 grams fresh weight tissue of the aqueous methanol phase of each extract reported to contain antifungal gallotannins was subjected to the TLC bioassay using Cladosporium sp. as the assay organism (Karunanayake et al., 2011, 2014).  Areas of inhibition corresponding to gallotannin antifungal activity at Rf 0.00 (Karunanayake et al., 2011, 2014) were observed following 48 hours incubation of TLC plates. 
Assessing antifungal activity – antifungal activity of the inhibition zone was assessed by obtaining the area corresponding to the zone of no growth or inhibition zone at Rf 0.00.  A transparent graph paper with 1 mm2 squares was placed over the zone of inhibition and the area was marked on the graph paper.  The number of squares occupying the area was equivalent to the inhibition area and this area is proportional to the amount of antifungal activity (Karunanayake et al., 2011, 2014).

2.5 Statistical analysis
The experiment was performed three times and data were analysed for variance in a completely randomized design at the 5% probability level, using Minitab 11 for Windows.


3. results and discussion

3.1 Presence of gallotannin antifungal compounds in mango florets and leaves

TLC studies showed that gallotannin antifungal compounds (indicated by the inhibition area on TLC at Rf 0.00) were present in mango florets, flush and mature leaves in addition to fruit peel.
The extracts of reproductive organs such as florets and peel of fruit resulted in significantly larger zones (P=0.05) of inhibition at Rf 0.00 on TLC than the extracts of vegetative leaves (Table 1).  Similarly, in strawberry both flowers and fruits are reported to contain antifungal compounds (Terry et al., 2004). Although gallotannins are present in unripe fruit pulp, it is at a much lower concentrations than fruit peel (Berardini et al., 2004) and as fruit pulp is susceptible to fungal attack (Prusky and Keen 1993) this concentration may be insufficient to be toxic to fungi. This maybe the same for young flush and leaves which are often infected with C. gloeosporioides.  

Table 1.Inhibition area on TLC bio assay given by extracts of various aerial parts of the mango tree. 

   	
	Plant part		         	Average inhibition area on TLC (mm2)

  	
	Young leaves			173.3±15.89 a
   	Mature leaves			111.67±4.4 b
   	Florets				285±29.29 c
   	Unripe fruit peel			256.66±29.48 c

Values followed by the same letter within each column are not significantly different at the 5% probability level (Duncan’s Multiple Range Test)

The extracts of young flush caused a significantly larger zone of inhibition than extracts of mature leaves.  Extracts of florets gave a slightly larger yet statistically insignificant zone of inhibition on TLC than extracts of mature unripe fruit peel.   
 

3.2 Decline of antifungal activity in fruit peel during ripening and development of anthracnose 

Anthracnose disease development indicated by disease area in inoculated fruits and gallotannin antifungal activity indicated by inhibition area on TLC showed a negative correlation.  Disease (anthracnose) development in inoculated fruits was observed along with the decline in antifungal gallotannins.  Antifungal activity (inhibition area on TLC) was initially high and decreased very little from day one to five after harvest.  A more noticeable decline of antifungal activity was seen by day seven, and anthracnose lesion development was observable only with this decline in antifungal activity. By day nine after harvest antifungal activity had declined further and a measurable lesion of anthracnose was visible (figure 2). 
Colour-break stage happens in about 3-5 day after harvest in cultivar ‘ Karutha colomban’ and eating ripe stage happens 5-7 days after harvest. By day 9 after harvest the fruit is at the fully ripe stage. The cultivar ‘ Karutha Colomban’ shows high resistance to anthracnose (Karunanayake et al., 2014) and the fact that disease progression only takes place at or after eating ripe stage shows that consumers are less affected by anthracnose disease in this cultivar.   





Ripening commences















Figure 1. Peel colour chart for ripening, cultivar ‘Karutha Colomban’. Peel colour 1, unripe stage; peel colour 3, colour break stage; peel colour 4, eating ripe stage; peel colour 5, fully ripe; peel colour 6, over-ripe stage.




Figure 2. Inhibition area in mm2 given on TLC -Cladosporium bio assay for peel extracts of fruits and lesion area in mm2 in inoculated fruits of cultivar ‘Karutha Colomban’. 


A 20 % decline in antifungal activity is seen by the time of disease initiation on day 7. The percentage decline in activity is comparable with earlier studies on mango (Karunanayake et al., 2014) although TLC inhibition areas were somewhat smaller in this study.  It is well established that disease development in tropical and subtropical fruits takes place after decrees in antifungal compounds in fruit peel (Karunanayake et al., 2011, 2014; Karunanayake and Adikaram, 2021, Prusky, 1996, 1998). Given the quiescent nature of the anthracnose pathogen, it probably remains in a quiescent state until the level of gallotannins and other antifungal compounds  declines to sub-fungitoxic levels which takes place around day seven after harvest in cultivar ‘Karutha colomban’.  Colletotrichum gloeosporioides invades through the fruit peel and remains quiescent until favourable conditions commence (Dodd et al., 1997). In avocado, the most active antifungal compound was (1-acetoxy-2-hydroxy-4-oxo-heneicosa-12,15 diene) and its concentration decrease ten-fold during ripening to reach sub-fungitoxic levels.  Another antifungal identified as 1-acetoxy-2, 4 dihydroxy-n-heptadeca-16-ene also decreased during fruit ripening.  It was concluded that a fall in the antifungal diene concentration was necessary for quiescent infections to become active (Prusky et al., 1988, Prusky and Keen, 1993).   In wood-apple, the decline in antifungal activity is not continuous from the day after harvest to ripe stage (Adikaram et al., 1989).   The amounts of the antifungal psoralene, and 2,6-dimethoxybenzoquinone first increased and then declined sharply when fruits became fully ripe. Disease development was seen at this stage. Similarly, in this study also lesion expansion was seen to take place only after gallotannins declined in the fruit peel. 

4. Conclusion
It can be concluded that aerial parts of the mango tree such as mango florets, young flush and also mature leaves contain antifungal gallotannins in addition to fruit peel. The amount of gallotannins is higher in reproductive organs such as florets and fruits when compared with vegetative leaves. Gallotannin activity in fruit peel declines gradually after harvest and initiation and spread of anthracnose takes place after seven days when about twenty percent of activity has been reduced in the peel of fruits in cultivar ‘Karutha colomban’.  
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