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Abstract

The study aimed to evaluate the endophytic fungi isolated from Cocos nuci-
fera (L.) cotyledon for their possible antimicrobial activity. A total of twelve
endophytic fungal species were successfully isolated, from which five were se-
lected and presumptively identified, including Aspergillus niger, Raffaelea sp.,
Aspergillus flavus, Cladosporium sp. and Pseudallescheria spp. based on their
macro and microscopic characters. The agar blocks of actively growing pure
culture were assessed for antibacterial activity against five human pathogenic
bacterial and fungal strains: Escherichia coli (BIOTECH 1634), Bacillus subti-
lis (BIOTECH 1697), Staphylococcus aureus (BIOTECH 1592), Serratia mar-
cescens (BIOTECH 1748), and Candida tropicalis (BIOTECH 2085). Among
the selected five endophytic used for antimicrobial activity screening, the
Raftaelea sp. (CN-EF 2) has shown a high zone of inhibition of 11 mm against
Bacillus subtilis, 18 mm against Escherichia coli, 15 mm against Staphylo-
coccus aureus, and 11 mm against Candida tropicalis. Correspondingly, As-
pergillus niger (CN-EF 1) has shown a zone of inhibition of 16 mm against C.
tropicalis. The endophytic fungus Raffaelea sp. was effective against all test
organisms except for Serratia marcescens, while Aspergillus niger was only
effective for pathogenic fungi C. albicans. Hence, further in-depth studies of
the isolated endophytic fungi are needed to determine the mechanisms be-
hind the endophytes’ inhibitory effects.
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1. Introduction

Infectious diseases caused by drug-resistant bacteria and fungi are escalating [1],
which pose a challenge in medicine. The rise in the number of cases caused by
drug-resistant bacteria and fungi is driven by various factors such as widespread
and often inadequate use of antibiotics, poor hygienic conditions, a constant move-
ment of travelers [2], and delayed diagnosis of infections. This problem propelled
the scientific community to explore natural products’ sources of antimicrobial
activity [3]. Organic plants play an essential role in the growth of medicinal
production. However, increased attention has been put on discovering antimi-
crobial compounds produced by some fungi strains found in different environ-
ments [4].

Endophytes are microorganisms found in plant tissues or within the plants
[5]. The term endophytes are widely used for fungi found in plants, which co-
lonize the inner sections of plant tissues [6]. Endophytic fungi predominantly
exist in all plants living in the plant’s internal part without causing negative ef-
fects [7]. Almost every plant species harbors endophytic organisms [8]. Endophyt-
ic microorganisms are secured by their host plant producing secondary bioactive
compounds necessary for their application in the medical and food industries
[9]. Fungal endophytes produce bioactive metabolites such as alkaloids, isocou-
marins, lignans, lactones, phenylpropanoids, phenols, quinones, steroids, and
terpenoids [10]. Endophytic microorganisms with metabolic products have been
examined as helpful in combating various harmful disease-causing agents and
are found to be a good source of antibiotics [11]. A recent comprehensive study
has introduced Phaeosphaeria nodulispora sp. nov. as a new species of Coelo-
mycetes [12] isolated from Cocos nucifera.

Popularly known as coconut, coco, coco-da-bahia, or coconut-of-the-beach, Co-
cos nucifera is an important member of the family Arecaceae (palm family) [13].
C. nucifera constituents have been found to possess certain biological effects, such
as antioxidant, antimicrobial, antihelminthic, anti-inflammatory, antifungal, an-
tinociceptive, and antitumor function [14]. The plant is originally from South-
east Asia and is one of the essential plants in the Philippines [15]. It is depicted
as a “tree of life” due to the variety of coconut benefits to humans. Previous stu-
dies have partly confirmed some uses of the plant showing antiarthritic, antipy-
retic, antidiarrheal, analgesic, and hypoglycemic effect [16]. Due to the increas-
ing production of coconut in the Philippines, the country is recognized as one of
the major exporters of coconut worldwide, contributing to 3.6% of the country’s
gross value added (G.V.A.) in agriculture [17].

Due to the high production of coconut in the country, the researchers aimed

to investigate the presence of endophytic fungi found in C. nucifera’s cotyledon
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and explore their antimicrobial activity against pathogenic organisms. This
research study could be the next important discovery in medicine, which could
also be used as a reference for future researchers by providing valid and accu-

rate data on the potential application of the fungi in natural product discovery.

2. Methodology
2.1. Collection of Plant Samples

Plant samples were obtained from Esmeris Coconut Farm, Daanghari Campground,
Brgy. Ilayang San Roque, Liliw Laguna, the Philippines (14.1364°N, 121.4399°E),
at the foothill of Mt. Banahaw with an estimated 40 hectares of coconut area.
Samples of Cocos nucifera were collected on January 12, 2020. The plant species
were identified, authenticated, and maintained at the Center for Life Sciences
Research of the Polytechnic University of the Philippines. Healthy and mature
coconuts were carefully chosen for sampling. Each coconut cotyledon was packed
separately in sterile polythene bags and deposited in a freezer; within 120 hours

of collection, chilled samples were used to isolate endophytic fungi.

2.2. Isolation of Endophytic Fungi

Isolation of endophytic fungi from Cocos nucifera (L.) cotyledon was carried out
using the method described by Petrini (1986) with modifications. First, the coty-
ledons were thoroughly washed with running tap water to remove any debris
and then air-dried. They were then surface sterilized by cleaning them for 2 mi-
nutes with 95% ethanol. After sterilization, each cotyledon was divided into 2
segments, cut into strips (4 bits per tissue/cotyledon) by a sterilized blade under
aseptic condition, and placed on potato dextrose agar. All the plates were incu-
bated until the growth of fungi emerged. The cotyledon strips for the growth of
endophytic fungi were observed after three days. Hyphal tips emerging out of
the plated segments were transferred for subculture immediately onto another
potato dextrose agar (P.D.A.). The pure culture’s fungal strains were preserved

with proper labeling on potato dextrose agar at 23°C to 27°C.

2.3. Morphological Identification of Endophytic Fungi

Slides prepared from cultures were stained with lactophenol cotton blue reagent
to characterize the fungal isolates and examined with a brightfield and phase-
contrast microscope [18]. Presumptive identification was done based on the

morphological and colonial characteristics of the endophytic fungi.

2.4. Selection of Test Organisms

The antimicrobial activity of endophytic fungi was assessed using five com-
mon human pathogens. All the pathogenic samples were derived from the
Center for Life Sciences Research of the Polytechnic University of the Philip-
pines. Gram-positive Staphylococcus aureus (BIOTECH 1582) and Bacillus sub-
tilis (BIOTECH 1697), Gram-negative Escherichia coli (BIOTECH 1634), and
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Serratia marcescens (BIOTECH 1748), and pathogenic yeast Candida tropicalis
(BIOTECH 2085) were used for this study. Using the subculturing technique,
the selected microbial cultures were preserved. Mueller Hinton broth was used

for the cultivation of microbial cultures.

2.5. Evaluation of Antimicrobial Activity of Endophytic Fungi

Agar blocks of endophytic fungi were screened for their antimicrobial activity
using an agar plug diffusion test with five reference human pathogenic micro-
organisms. In this method, pathogens’ cultures were adjusted to 1.5 x 10® co-
lony forming units (CFU) per milliliter based on 0.5 McFarland turbidity
standards. The standardized microbial strains were immediately streaked using
sterile cotton swabs into the prepared Mueller Hinton agar plates. Then, 8 mm
of wells were made aseptically using sterile cork borer in the seeded media, and
appropriate agar blocks of actively growing pure culture were dropped in the
prepared wells. The plates were allowed to stand undisturbed for an hour to
allow proper absorption into the medium and incubated in a bacteriological
incubator for 24 hours at 35°C. The positive (Ofloxacin, Rifampicin, Penicillin,
and Trimethoprim) and negative controls for each pathogen were prepared
separately. Plates were observed for inhibition zones, and their diameter was
measured and compared with the control using the Vernier scale. Three repli-
cates were maintained in different cases, and the results were expressed as

mean *+ SD.

2.6. Biochemical Characterization

The selected endophytic fungi were subjected to various biochemical tests, and
the individual results were recorded. The biochemical tests that were used to
identify the unknown cultures were Casein Hydrolysis Test, Starch Hydrolysis
Test, and Urease Test.

2.7. Data Analysis

The zone of inhibition results was interpreted as means (n = 3) and analyzed for
possible significant difference among the treatments and controls using Sin-
gle-Factor Analysis of Variance (ANOVA) at 0.05 level of significance [19].

3. Results
3.1. Isolation of Endophytic Fungi

C. nucifera samples were collected from Esmeris Farm, Daanghari Campground.
Totally, 20 segments (4 strips per cotyledon/plate) were screened for isolating
endophytic fungi. From 20 tissue segments, 12 isolates were obtained from C.
nucifera cotyledon, and all were stained by lactophenol cotton blue and observed
under a brightfield microscope shown in Figure 1. A total of five endophytic
fungi have been selected for screening antimicrobial activity against human pa-

thogens in the present study. Table 1 indicates the selected endophytic fungi.
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Figure 1. Endophytic fungi observed under the microscope.

Table 1. The selected endophytic fungi.

Strain Code Strain Name
CN-EF 1 Aspergillus niger
CN-EF 2 Raffaelea sp.
CN-EF 3 Aspergillus flavus
CN-EF 4 Cladosporium sp.
CN-EF 5 Pseudallescheria sp.

3.2. Evaluation of Antimicrobial Activity

Agar blocks of actively growing pure culture were tested against the bacterial
and fungal pathogens by the plug diffusion method. Totally, 5 microorganisms,
which consisted of 4 bacteria and 1 fungus, were tested. The agar blocks were
assayed against the test organisms; the zones of inhibition obtained were be-
tween 11 and 18 mm. It was observed that the agar blocks of endophytic fungi
isolated from Cocos nucifera L., including the antibiotic controls, inhibited the
human pathogens presented in Figures 2-6. The preliminary screening test re-
sults are summarized in Table 2, which revealed that endophytic fungi species
possessed antibacterial and antifungal activity.

The agar plug diffusion method was performed by screening endophytic fungi
to assess the antimicrobial activity against 5 pathogenic human bacterial and
fungal strains. CN-EF 2 showed a high zone of inhibitions of 11 mm against 5.
subtilis, 18 mm against E. coli, 15 mm against S. aureus, and 11 mm against C.
tropicalis. CN-EF 1 also showed a zone of inhibition of 16 mm against C. tropi-
calis.
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Figure 2. Antibacterial activity of the endophytic fungi iso-
lated from Cocos nucifera (L.) cotyledon against E. coli. (All
values are interpreted as mean; n = 3).
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Figure 3. Antibacterial activity of the endophytic fungi iso-

lated from Cocos nucifera (L.) cotyledon against S. aureus.

(All values are interpreted as mean; n = 3).
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Figure 4. Antibacterial activity of the endophytic fungi iso-
lated from Cocos nucifera (L.) cotyledon against B. subtilis.
(All values are interpreted as mean; n = 3).
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Figure 5. Antibacterial activity of the endophytic fungi iso-
lated from Cocos nucifera (L.) cotyledon against S. marces-
cens. (All values are interpreted as mean; n = 3).
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Figure 6. Antifungal activity of the endophytic fungi iso-
lated from Cocos nucifera (L.) cotyledon against C. tropica-
lis. (All values are interpreted as mean; n = 3).

Table 2. Summary table of susceptibility test of endophytic fungi and controls against medically-important pathogens.

Zone of Inhibition (mm)

Human

p-value Interpretation

Treatments Controls
Pathogens CN-EF CN-EF CN-EF CN-EF CN-EF
. § § i - o R T P N
1 2 5
e Significantly
B. subtilis - 114+ 0.4 - 13.5+0.129.8+0.3 16.6+0.7 12.8+0.5 NA 2.62E-12 R
different
. 18.1 + Significantly
E. coli - 18.8+4.3 - 21.1%0.05 20.5+0.0528.1 £0.005 NA 0.0006 .
0.05 different
Not significantly
S. aureus - 152 +3.6 - 17.4+0.5151+£09 169+ 14 17.6+3.5 NA 0.598 .
different
S. marcescens - - - 52.2+3.8 - 46.2+8 - NA - -
L Significantly
C. tropicalis 16.3 +£0.211.9 £ 2.5 - NA NA NA NA 10.8 £1.7 0.0197 .
different
Values are averages of three replicates + S.D., O-Ofloxacin, R-Rifampicin, T-Trimethoprim, P-Penicillin, N-Nystatin, NA-Not Available.
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3.3. Biochemical Characterization of Endophytic Fungi

The result of the various biochemical tests performed to identify the isolates was
shown in Table 3.

CN-EF 1, CN-EF 3, and CN-EF 5 shown in Figure 7 were found to hydrolyze
starch, hence, amylase positive while the others are all negative. CN-EF 2 and
CN-EF 4 showed a positive result for the Casein Hydrolysis Test; these isolates
could degrade casein protein (Figure 8). It is also found out that three species
showed a positive urease test by the development of magenta or bright pink col-
or while the others do not react (Figure 9).

Table 3. Cumulative result of biochemical tests.

Endophytic Biochemical Test
Fungi Casein Hydrolysis Test Starch Hydrolysis Test Urease Test
CN-EF 1 + - _
CN-EF 2 - + +
CN-EF 3 + - +
CN-EF 4 - N _
CN-EF 5 + _ n

(+) positive result, (—) negative result.

Figure 7. After adding the iodine solution, CN-EF 5 showed a
clear zone around the colony that manifests a positive amylase
production test.

Figure 8. A clear zone around the fungal growth of CN-EF 2
shows a positive caseinase production test.
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iy W

Figure 9. Positive and negative results for the Urease test. De-
velopment of intense bright pinkcolor shows positive urease
production.

4. Discussion

Antimicrobial properties are significantly important to public health, particular-
ly in reducing the growth of harmful microorganisms and restraint the trans-
mission of bacterium. These antimicrobial compounds can be developed in en-
dophytic fungi [20]. A recent study shows that the fungi endophytes are a source
of medicinal compounds due to taxol discovery, a popular anticancer drug [21].
Endophytes have attracted interest in the research field due to their potential to
generate novel bioactive compounds [22]. Concerning the statement, compounds
found in endophytic fungi may have distinctive mechanisms and perplexing
bio-activities, comprising a high proportion offering enormous opportunity for a
research study. A research study reveals that endophytic fungi isolated in leaves
of Euphorbia hirta showed a broad spectrum of antimicrobial activity against
human pathogens [23].

Due to the fungal endophytes’ antimicrobial activity, researchers utilize en-
dophytic fungi isolated from the Cocos nucifera cotyledon to observed potential
antibacterial and antifungal activity. A research study conducted shows the en-
dophytic fungi isolated in leaves, roots, and petiole of palm trees, namely Phoma
exigua, Fusarium chamydosporum, Phialophora spp. and Nigrospora spp. was
proved to have biological activity against Colletotrichum coffeanum [24], a fun-
gal plant pathogen causing coffee anthracnose. Another research study reported
that the fungal endophytes isolated from palm oil control the Ganoderma [25].

It was observed that agar blocks of actively growing pure culture isolated
showed antibacterial activity against Gram-positive and Gram-negative bacteria.
The result of this study is similar to the result of previous studies conducted us-
ing the same method. A research study has shown that using agar plug diffusion
found promising antimicrobial activity of mycoendophytes designated as TS071,
TS073, DH182, DH221, and DH223 against human pathogenic bacteria, specifi-
cally E. coli and B. subtilis. These findings indicate the progress of identifying

and characterizing antimicrobial compounds from bioactive elements of endo-
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phytic fungi [26].

The present investigation showed maximum susceptibility of human patho-
gens to endophytic fungi, which could be attributed to the bioactive metabolites
produced by fungi species. A research study has shown that bioactive compounds,
organic acids, various enzyme inhibitors, antihelmintics, antitumor agents, insecti-
cides, vitamins, immunosuppressants, and immunomodulators are widely re-

ported found in the members of the Aspergillus genus [27].

5. Conclusion

In the present study, a total of 12 endophytic fungi were isolated from the Cocos
nucifera (L.) cotyledon. Two out of the five selected endophytic fungi chosen for
screening antimicrobial activity showed a maximum zone of inhibitions against
B. subtilis, S. aureus, E. coli, and C. tropicalis. Further studies are needed for
these isolated endophytes. To help produce a particular bioactive compound,
one may further grow them on a large scale, modify culture conditions, and

supply stimulants.

Recommendation

This is probably the first study that evaluated the antimicrobial activity of en-
dophytic fungi isolated from Cocos nucifera L. cotyledon, collected from Esme-
ris Farm, Daanghari Campground, Laguna, Philippines. The successful isolation
of these endophytes suggests that they shall be identified through molecular
methods to determine the identity of the fungi to the species level. Moreover,
further studies shall be conducted to determine the pathogenicity of the endo-

phytic fungi and unravel their potential application in the clinical setting.
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