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INTRODUCTION

Coconut (Cocos nucifera L.) is one of  the most widely consumed 
tropical fruits (Manivannan et al., 2018). Worldwide, Mexico 
ranks 8th in coconut production (STATISTA, 2018). However, 
during the consumption of  the coconut only a 20% of  the 
fruit is used (meat and water) and the rest are considered 
residues (mesocarp, exocarp and endocarp), causing problems 
of  food waste accumulation. The use of  fruit residues as a 
source of  bioactive compounds with antimicrobial properties 
can be an alternative. In this sense, the use of  residues (peel, 
seed and leaf) from pomegranate (Punica granatum L.) against 
important pathogens such as Penicillium italicum, Rhizopus 
stolonifer and Botrytis cinerea have been reported (Tehranifar et 
al., 2011). Infections caused by phytopathogens can affect 
the production of  several crops, leading important economic 
losses (Singh and Sharma, 2018). P. italicum is one of  the 
most important pathogen that affects citrus fruit (Papoutsis 
et al., 2019). Traditionally, fungal control is achieved by 
the application of  chemical fungicides (Singh and Sharma, 

2018). However, there is a tendency in the use of  more 
friendly alternatives for controlling pathogens (Reganold 
and Wachter, 2016). The efficacy of  bioactive compounds 
from fruit residues is not limited for controlling fungi, these 
compounds have been used against several bacteria such as 
Listeria monocytogenes, Bacillus cereus, Escherichia coli and Salmonella 
Typhimurium (Andrade et al., 2019). In a recent study, star fruit 
(Averrhoa carambola) leaf  extracts were evaluated against the 
fungus Colletotrichum sp. The results showed good control of  
the mycelial growth as well as the sporulation (Xoca-Orozco 
et al., 2018). The aim of  this project was to investigate the 
in vitro antifungal activity of  aqueous extracts from coconut 
residues against P. italicum.

MATERIALS AND METHODS

Raw materials

Coconut residues were visually selected on the basis of  
color, size and the absence of  fungal infection or mechanical 
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injury. They were obtained from a wholesale distributor in 
Tepic, Nayarit, Mexico and transported to the laboratory. 
Potato dextrose agar (PDA) (Sigma-Aldrich, USA) was 
used for the preparation of  the nutrient media for the 
poisoned agar technique and Potato dextrose broth (PDB) 
(BD Difco™, USA) was used for the germination assay.

Fungal inoculum
The pathogen P. italicum was isolated and previously 
identified from decayed Persian lime (Citrus latifolia Tanaka) 
fruit harvested from San Pedro Lagunillas, Tepic, Mexico 
and stored in Petri plates containing PDA medium at 4 ºC 
prior to the experiments.

Preparation of mesocarp and exocarp aqueous 
extracts of coconut
The selection parameters of  the coconut fruit were size, 
weight and coloration of  the mesocarp. Two lots of  
different distributors were selected. Selected samples were 
first washed with running water to remove impurities 
and solid particles, disinfected and then washed with 
commercial detergent (Salvo™) (1.5% w/v) and rinsed 
with distilled water. The samples of  mesocarp and pericarp 
were sectioned into wedges and in individual long fibers, 
respectively in order to facilitate the process of  moisture 
extraction and size reduction, using the methodology 
proposed by Blancas-Benitez et al. (2018) with some 
modifications which are observed in Fig. 1A. The samples 
were weighed and separated into 2 batches of  150 g (fresh 
weight) for each tissue, and then dried in a conventional 
oven with a digital temperature system (NOVATECH, 
Model: HS60 AID USA) for 24 h at 70 °C in aluminum 
trays. The dry samples were pulverized with the help of  a 
NUTRIBULLET equipment (Model: NBR-0804B, USA) 
and sieved with a 0.5 micron mesh in order to obtain a 
homogeneous powder; the samples were stored in sealed 
bags at room temperature until extraction.

Extraction of phenolic compounds
The aqueous extractions from mesocarp and exocarp were 
carried out by the method proposed by Peréz-Jiménez et al. 
(2008) with some modifications, 0.5g of  each tissue was 
weighed and 25 ml of  distilled water was added to each one, 
and placed under stirring for 1 h. Subsequently, samples 
were centrifuge for 15 min at 3000 rpm (Fig. 1A). Finally, 
the supernatant was recovered and filtered with acrodisks 
(MilliporeTM, 0.45 µM) for in vitro assessments.

Antifungal assay
The effects of  the aqueous extracts on mycelial growth 
inhibition as well as the sporulation were assessed by the 
poisoned agar technique. The extracts were added into the 
sterile molten agar and mixed to obtained the different 
concentrations to evaluate (1, 5, 10% v/v), thereafter the 

medium was poured into Petri dishes (Fig. 1B) (Balouiri 
et al., 2016).

Mycelial growth
In order to evaluated the effectiveness of  treatments on 
mycelial development, first the fungus was grown on PDA 
for 7 d at 28 °C. Then, plugs of  10 mm in diameter were cut 
from a 6-day-old cultures. Thereafter, the plugs were placed 
in Petri dishes with PDA containing extracts at 1, 5, 10% v/v. 
Plates were then incubated at 25 ± 2 °C for 6 days, the colony 
diameter was registered daily. Control plates consisted in PDA 
without treatments. The results were reported as percentage 
of  mycelial growth inhibition as compared to control.

Sporulation
The effect of  the extracts on the sporulation process was 
assessed as follows: Petri dishes where mycelial growth was 
tested were used and briefly 10 mL of  sterile distilled water 
was added to the poisoned Petri dishes. The fungal lawn 
was rubbed using a sterile glass rod in order to damage the 
mycelium and release the spores. The mycelium present in 
the suspension was retained through sterile cheesecloth 
by filtration. The spore concentration was determined 
by microscopic counting using a hemocytometer. Per 
treatment, 100 observations were made using an optical 
microscope (Motic BA300 Instruments Inc., Canada). The 
results were expressed as number of  spores/mL.

Germination
The conidial germination was assessed as follows: 100 µL 
of  the spore suspension (105 spores/mL) were placed 
in 5 mL of  poisoned PDB prepared with the different 
concentrations above mentioned (1, 5, 10% v/v). The 
samples were incubated at 25±2 °C for 12 h and observed 
microscopically to quantify the germinated spores. 
According to Yao et al. (2004) spores were considered 
germinated when the length of  the germinative tube was 
at least twice the spore diameter.

Statistical analysis
A completely randomized 2x3 factorial design was carried 
out considering the tissue type (Exocarp and mesocarp) 
and the extract concentration (1, 5 and 10% v/v). Five Petri 
dishes were used per replicate; all the experiments were 
repeated twice. ANOVA (Analysis of  variance) of  data was 
applied using Statistica Software version 10.0 for Windows. 
Differences between means of  data were compared by LSD 
test, differences at P<0.05 were considered to be significant.

RESULTS AND DISCUSSION

Mycelial growth
The mycelial growth of  P. italicum was significantly different 
(p ≤ 0.05) among concentrations and between the types 
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of  extract (p ≤ 0.05) (Table 1). In general, it was observed 
that the mycelial inhibition was greater with the mesocarp 
extracts than with the exocarp ones at the concentrations 
of  1 and 10% (Fig. 2). Our results are similar than other 
plant extracts. In this sense, Karim et al. (2017) reported 
the antifungal capacity of  the aqueous extracts from Cistus 
albidus in controlling the mycelial growth of citri-aurantii 
(80%) the causal agent of  citrus sour rot. In a recent study, 
Cortés-Rivera et al. (2019) reported in extracts of  coconut 
residues, the presence of  some flavonoids including, 
chlorogenic acid and gallocatechin in the mesocarp, and 

chlorogenic acid in the exocarp. In general, the antifungal 
properties of  phenolic compounds is related to the 
affectation of  membrane (integrity and fluidity) affecting 
important biochemical processes for fungal development 
(Ansari et al., 2013). Chlorogenic acid can reduce the hyphal 
length of  the necrotrophic pathogen Botrytis cinerea due to 
an alteration of  membrane´s permeabilization, as previously 
reported (Martínez et al., 2017). On the other hand, 
Mahmoud et al. (2017) reported that flavonoids can induce 
ultra-structural changes of  mycelium like the presence of  
vacuoles, autophagosomes and plasmalemma distortions as 

Fig 2. Effect of aqueous extracts on mycelial growth of P. italicum incubated for 6 days.

Fig 1. Methodology: A) Extraction procedure and B) In vitro assessment.
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well as structural disorganization in the cytoplasm. In this 
context, the greater inhibitory effect of  mesocarp extracts 
may be due to the presence of  gallocatechin a flavonoid 
unidentified in exocarp extracts. The results are important 
due to an efficient growth of  hyphae plays an important 
role in fungal colonization of  plant tissues.

Germination
In the study, all aqueous extracts were able to control de 
germination of  P. italicum  (> 97% inhibition) (Table 1). In 
a previous study, Karim et al. (2017) reported a significant 
inhibition on spore´s germination (>99%) of  Geotrichum 
citri-aurantii by the application of  Cistus albidus aqueous 
extracts at 0.5%. In a recent investigation, Martínez et al. 
(2017) reported that chlorogenic acid applied at 1.5% of  
concentration can affect the spore´s germination process 
on Botrytis cinerea due to an affectation of  membrane fluidity 
leading permeabilization that cause cell lysis.

Sporulation
There were significant differences (p ≤ 0.05) between 
the types of  residues (Table 1). Overall, the mesocarp 
extracts were more efficient to affect the sporulation than 
the exocarp extracts. These results could be related with 
the affectation of  mycelium by the presence of  phenolic 
compounds, affecting the structures for spore’s formation. 
In agreement with our results, Rosado-Álvarez et al. (2014) 
reported a reduction in the sporulation process by applying 
asparagus extracts against Fusarium oxysporum. Sporulation 
is an important event for fungal development, thus, these 
results are important due to a satisfactory inhibition of  the 
sporulation that can break the infection cycle of  P. digitatum 
on susceptible fruit to this fungus.

CONCLUSIONS

The results are important due to the application of  these 
aqueous extracts can control the growth of  P. italicum hyphae 
and avoid the pathogen´s spread, thus these treatments 
can be a suitable alternative for controlling blue mold in 
citrus fruits. In addition, the use of  residues as a source of  
antifungal compounds can be a smart choice for reducing 
coconut residues accumulation in the environment.
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