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Abstract: Resistance to antimicrobial drugs 
has become a serious public health problem 
due to indiscriminate use by humans. 
Therefore, several alternatives have been 
studied to contain super microorganisms 
that cause diseases, among them the use of 
secondary compounds produced by plants 
together with endophytic microorganisms. 
Therefore, this work aimed to isolate, identify 
and analyze the antimicrobial potential 
of endophytic microorganisms of Piper 
hispidinervum C. DC. against pathogens that 
affect humans and different animals. First, the 
leaf and inflorescence were collected and the 
plant material was identified. The material 
collected went through the process of asepsis 
and inoculation, which resulted in the growth 
of endophytes. After their growth, several 
replications were performed to purify the 
colonies. Regarding the macromorphology of 
endophytic fungi, different textures and colors 
were observed. Were obtained 27 isolates of 
fungal cultures, among them the most found 
genera are Colletotrichum sp., and Fusarium 
sp., we also identified a species of Curvularia 
sp. The rest of the isolates were classified 
as Mycelia sterilia. For the antimicrobial 
susceptibility tests, the inoculum of the test 
pathogens was carried out in Mueller- Hinton 
culture medium and the suspension was 
adjusted to the MacFarland scale. To obtain 
the fungal extract, colony fragments were 
deposited in Erlenmeyer flasks with Potato-
Dextrose medium, after 14 days the culture 
medium was filtered, then Ethyl Acetate was 
added to extract metabolites. The fungal 
extract obtained by Ethyl Acetate was used in 
the sensitivity test by the well diffusion method. 
The Fusarium Extract sp. esp07 was the most 
effective against the microorganisms tested, 
being able to inhibit S. aureus, E. coli and C. 
albicans, resulting in halos with an average of 
23 mm, 21 mm and 14 mm, respectively. The 
Fusarium sp. esp04 and Curvularia sp. fol50 

have also been shown to be effective against 
E. coli.
Keywords: Piper sp.; Fungal extracts; 
antimicrobial potential.

INTRODUCTION
Microbial resistance is a serious 

public health problem resulting from the 
indiscriminate use of antibiotics, therefore, 
investigations into new compounds of 
pharmaceutical applicability have been carried 
out, especially those of natural origin. The 
mechanism of resistance occurs through the 
selective pressure caused by the use of drugs 
on a large scale, as a consequence, infections 
previously controlled by these drugs can no 
longer be contained (SERRA VALDÉS, 2017).

In order to find a cure, treatment and 
prevention for various diseases, ancient 
civilizations already used flora for medicinal 
use, due to the presence of biologically active 
components. For millennia, human beings 
obtained knowledge empirically, teaching 
subsequent generations how to survive 
using plants taken from the environment in 
which they lived (ANGELO and RIBEIRO, 
2014; FIRMO, 2011). From this perspective, 
natural products, which until then were 
predominantly extracted from plants, can now 
also be obtained from microorganisms that 
inhabit the interior of plant tissues. bioactive 
molecules with the most diverse activities 
including antimicrobial (MARTINEZ-
KLIMOVA et al., 2017).

Endophytic microorganisms are living 
beings that inhabit the internal tissues of 
plants for some part or all of their life cycle 
without causing visible symptoms of disease. 
These have become of great technological 
interest, as they can produce antimicrobial, 
anticancer and antitumor compounds, 
in addition to providing defense against 
insects, helping plant growth and tolerance to 
ecological changes. Biotechnological studies 
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report the potential applicability in medicine, 
agriculture and industry (ASSUNÇÃO, 2010).

The symbiotic association between 
endophytic microorganisms and plant tissues 
is beneficial for both beings, as they help each 
other to survive, either by providing food or 
protection against invaders. In addition, some 
produce secondary metabolites that are widely 
used as antimicrobials, including flavonoids, 
alkaloids, phenols, sterols and terpenoids, 
however, studies show that endophytes are 
unable to produce them independently 
(FADIJI and BABALOLA, 2020).

Brazil has several species of plants that are 
used for their medicinal properties, among 
which are those belonging to the Piperaceae 
family, with more than 700 species distributed 
throughout the country, and about 300 of these 
are present in the rainforest of the Amazon. 
The genus Piper is the most abundant, mainly 
in the neotropics, occurring from Mexico to 
southern Brazil. They correspond to shrubs, 
herbs and vines, known to be used in teas 
and infusions for the treatment of diseases by 
traditional medicine (DOS SANTOS, 2018; 
GONÇALVES, 2022).

Long pepper (Piper hispidinervum 
Candolle, De Candolle) is a shrub that can 
reach about 7 meters in height, has elliptical 
leaves and inflorescence in the form of 
elongated spikes with tiny flowers. It is native 
to the Amazon, found mainly in pasture fields, 
and easily adapts to nutrient-poor soils. This 
species contains safrole, a compound extracted 
from the essential oil that is widely used by 
the industry in the composition of fragrances 
for beverages, cosmetics, insecticides and 
cleaning products (DE SANTIAGO, 2003).

For LIMA (2019), ethanolic extracts of 
Piper callosum and Piper cocorvadensis were 
effective against the microorganisms Bacillus 
subtilis, Escherichia coli, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Candida 
krusei and Candida utilis.

From studies with different species of 
the genus, and also the lack of content on 
the antimicrobial potential of endophytes 
present in P. hispidinervum, it is of paramount 
importance to obtain new information about 
this species. Therefore, this work aimed to 
both identify, isolate and evaluate whether the 
endophytic microorganisms of long pepper 
(Piper hispidinervum) have antimicrobial 
activity against pathogenic microorganisms.

MATERIALS AND METHODS
COLLECTION OF PLANT MATERIAL
Long pepper (Piper hispidinervum) samples 

were collected in the southern sector of 
‘’Universidade Federal do Amazonas’’, located 
in Manaus at 3°06’03.0”S 59°58’29.3”W.

The collected material was taken to the 
Microbiology Research Laboratory located 
at ICB 01 (Institute of Biological Sciences), 
UFAM. Samples of leaves and inflorescences, 
without any type of damage or disease, were 
collected and carefully washed under running 
water and rinsed with distilled water. After 
this procedure, median portions of the leaves 
were cut, fragments of 1.5 cm with the aid of 
sterilized scissors, the same was done for the 
inflorescence. Subsequently, all samples were 
submitted to previous sterilization treatment, 
according to PETRINI and FISHER (1986).

STERILIZATION OF PLANT 
MATERIAL
For surface disinfection, aiming at 

eliminating the epiphytic microbiota, 
successive immersions in: i) 70% alcohol (v/v) 
for 1 minute were used; ii) commercial bleach 
at 3% (v/v) for 3 minutes; iii ) alcohol 70% 
(v/v) for 30 seconds; iv ) autoclaved distilled 
water. This last immersion was performed 
in two sequential repetitions. 20 µL of the 
distilled water used for the 2nd repetition of 
immersion, consisting of the negative control, 
were seeded in a Petri dish containing specific 
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medium (Araújo et al., 2010).
After serial washings, the samples were 

deposited on an autoclaved Petri dish and, 
with the aid of a scalpel, were fragmented into 
squares of approximately 1.5 cm, which were 
deposited in specific culture media for the 
isolation of fungi.

All materials used in sample preparation 
and sterilization were manipulated in 
laminar flow to avoid contamination by other 
microorganisms.

ISOLATION OF MICROORGANISMS
After asepsis of the plant material, 3 

fragments were placed in each Petri dish 
containing PDA culture medium (Potato, 
Dextrose and Agar) added 50 µL in 
Tetracycline antibiotic (50 mg/mL). Plates 
were incubated in BOD ( Biological oxygen 
Demand ) at +/- 35°C, and were examined 
over 14 consecutive days or longer, depending 
on the growth of the microorganisms.

For fungi, as the mycelia appeared on 
the culture medium, they were picked and 
isolated in Petri dishes containing PDA culture 
medium. Then, the plates were incubated 
again for mycelium growth and sporulation. 
Analyzes were performed in quadruplicate. 
The identification of endophytic fungi of P. 
hispidinervum was carried out by viewing the 
macro and micromorphology according to 
ARAUJO et al., 2010.

STANDARDIZATION OF TEST 
MICROORGANISMS
Cultures of test microorganisms were 

maintained at 4°C in nutrient agar (NA). 
Samples were recovered in Mueller- Hinton 
broth (MH) for bacteria and Sabouraud 
Dextrose broth (SAB) for yeast, and incubated 
without agitation for 24 hours at 36°C. 
Subsequently, the inoculums were spread 
on Mueller Hinton agar and Sabouraud 
agar plates, 24 hours before the test. Culture 

suspensions were prepared, diluted in 0.85% 
saline solution using MacFarland ‘s 0.5 scale 
until approximately 1.5 × 10 6 Colony Forming 
Units (CFU.mL -1) were obtained.

PREPARATION OF FUNGAL 
EXTRACTS
To obtain the fungal extracts from the 

endophytic microorganisms obtained in the 
isolation process, 50% potato-dextrose broth 
was used, where 30 mL of the medium was 
distributed in autoclaved Falcon tubes. When 
the medium temperature was between 36°C 
and 38°C, 3 fragments of 2 cm 2 of each fungal 
culture were placed in the flasks, closed and 
incubated in a BOD-type oven (25°C) for 
the growth of microorganisms for 14 days. 
After this period, the fermented culture 
medium was filtered using sterile filter paper, 
obtaining between 20-25 mL of each isolate. 
To carry out the liquid-liquid extraction, 25 
mL of the solvent Ethyl Acetate was added to 
each filtrate, both were placed in a separating 
funnel in which it was shaken so that the 
filtrate had contact with the solvent. Then the 
less dense layer where the solvent was present 
was removed. After this procedure, the 
samples were placed in a forced ventilation 
oven at 50°C for total solvent evaporation.

SENSITIVITY TEST BY WELL 
DIFFUSION METHOD
Tests were performed with standard strains 

of Pseudomonas aeruginosa (ATCC27853), 
Escherichia coli (ATCC25922), Staphylococcus 
aureus (ATCC25923), Klebsiella pneumoniae 
(ATCC13899) and the yeast Candida albicans 
(FIOCRUZ). The extracts were weighed and 
diluted at concentrations of 20 mg.mL -1 in 
Dimethylsulfoxide. The concentrations were 
homogenized with the aid of Vortex.

A sterile cotton swab was dipped in the 
suspensions of the test microorganisms and 
rubbed across the entire surface of the plates 
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containing Mueller- Hinton Agar culture 
medium.

For the diffusion test per well, holes of 10 
mm in diameter were made with the aid of tips 
in the culture medium in a Petri dish, these were 
filled with 100 µL of extract at a concentration 
of 20 mg/mL. As a positive control, 50 µL was 
used in Tetracycline antibiotic (50mg/mL), 
and for Candida albicans was used 50 µL of 
Fluconazole (50mg/mL). After this procedure, 
the Petri dishes were kept refrigerated at 4°C 
for two hours for complete penetration of the 
extract into the culture medium. Then they 
were removed and placed in a BOD oven at 
25°C.

MORPHOLOGICAL 
CHARACTERIZATION AND 
IDENTIFICATION OF ISOLATES
To visualize the microscopic structures, 

the microculture technique was performed 
(Shirling and Gottlieb, 1966), which consists of 
transferring two to four small fragments of the 
fungal mycelium into a Petri dish containing 
Nutrient Agar (NA) medium. Autoclaved 
microscopy coverslips measuring 22x22mm 
were deposited on these small inoculums. 
Light pressure was applied to the cover slip, 
so that it remained adhered to the surface of 
the culture medium. The Petri dishes were 
transferred to the BOD oven, where they were 
monitored, day by day, until the mycelium of 
the developing fungus reached the edge of the 
cover slip and began to grow over it. At that 
moment, the coverslip was carefully removed 
with tweezers and placed on a microscopy 
slide with lactophenol blue cotton. The 
observation of the microstructures and the 
photo documentation were carried out in 
an optical microscope coupled to an image 
capture system. For visualization in optical 
microscopy, a magnification of 400X was used.

Fungal isolates were grouped into 
morphotypes, based on common 

morphological characteristics.

STATISTICAL ANALYSIS
For the comparison of the expressed 

results, as average of the halos obtained in 
each concentration, the Analysis of Variance 
(ANOVA) was carried out, and then the 
Tukey test at the 5% level of significance. 
Statistical analyzes were performed using 
the Sisvar software, version 5.6, according to 
FERREIRA, 2014.

RESULTS AND DISCUSSIONS
In isolation, 27 fungal isolates were obtained, 

18 (66.6%) belonging to Colletotrichum sp., 2 
(7.4%) to Fusarium sp., 1 (3.7%) to Curvularia 
sp. and 6 (22.3%) classified as Mycellia sterilia, 
sterile mycelium without specific genus and 
species. Among the 27 isolates, 3 showed 
antimicrobial activity against the strains used, 
2 belonging to Fusarium sp., 1 to Curvularia 
sp.

IDENTIFICATION OF ISOLATES
•	 Fusarium sp.
Colony morphology: Initially white in 

color, becoming slightly pink with a cottony 
to woolly texture. The background of some 
species of the genus presented red, orange and 
lilac colors.

Microscopic characteristics: The hyphae 
are light colored, septate, in which they 
produced conidiophores and conidia. Small, 
cylindrical microconidia without septum 
were observed. Macroconidia were large, 
multiseptate, sickle -shaped.

•	 Curvularia sp.
Colony morphology: Showed a dark 

brown color with a woolly appearance. The 
background was black.

Microscopic characteristics: Septate 
hyphae, brown in color. The conidia had four 
cells and were curved.
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•	 Colletotrichum sp.
Colony morphology: It was velvety with a 

beige and brown color. The background was 
beige and brown like the surface of the board.

Microscopic characteristics: Septate 
hyphae in which they presented hyaline 
and septate conidiophores. The presence 
of appressoria was observed, which are 
specialized brownish structures for fixation 
in the host tissue, this type of structure is 
common in the genus.

SENSITIVITY TEST
Statistically, analysis of variance showed 

a significant difference between all means 
of halos for S. aureus, E. coli and Candida 
albicans for the Fusarium esp07 extract, with 
the highest mean inhibition occurring in S. 
aureus with 23 mm. for Fusarium esp04 there 
was an inhibition halo only in the S. aureus 
strain with an average of 10 mm. Regarding 
Curvularia fol50, there was an inhibition halo 
only for E. coli, with an average of 10 mm 
(Figure 7). P. aeruginosa and K. pneumoniae 
did not show inhibition zones for any fungal 
extract. The positive control for S. aureus 
showed a halo of inhibition of 42 mm, 24 mm 
for E. coli and 24 mm for C. albicans. The halo 
means are shown in Table 1.

Sensitivity tests and statistical analysis 
show that Fusarium esp07 extract was 
effective against S. aureus bacteria, classified 
as Gram-positive, against E. coli, Gram-
negative bacteria, and Candida albicans, a 
yeast-like fungus. Thus, the antimicrobial 
action of this extract was of a broad spectrum, 
acting on bacteria with cell walls with 
different structures, in addition, it acted as an 
antifungal.

 

Diameter of inhibition halos (mm)

Strains
Fusarium 

esp07
Fusarium 

esp04
folio sheet 

50
s. aureus 23.00 to 10.00 d -

E coli 21.00 b - 10.00 d

candida 
albicans 14.00 c - -

P. 
aeruginosa - - -

K. 
pneumoniae - - -

(-) did not show an inhibition halo against the 
extract.

Table 1: Average of the growth inhibition 
zones obtained by the fungal extract.

Among the broad-spectrum antibiotics, 
the beta-lactams are the most used, acting 
by inhibiting the synthesis of the bacterial 
cell wall, mainly affecting the peptidoglycan, 
resulting in the destruction of the cell wall, 
which is why they are effective against Gram-
positive, Gram- negative and strict anaerobes. 
This is perhaps one of the mechanisms used by 
the fungal extract of Fusarium esp07 against 
S. aureus and E. coli in which it was effective 
for both bacteria and fungus (ARAUJO and 
AZEVEDO, 2020; GONÇALVES, 2019).

As for antifungals used to treat Candida 
sp., azoles and triazoles, such as fluconazole, 
for example, act by inhibiting the fungal 
enzyme lanosine-14α- demethylase, which 
is responsible for converting lanosterol into 
ergosterol, directly affecting the fluidity of the 
plasmatic membrane and the enzymes linked 
to it (VIEIRA and SANTOS, 2017).

K. pneumoniae and P. aeruginosa are 
among the most antibiotic-resistant Gram-
negative bacteria, which are classified as a 
critical priority for the production of new 
antibiotics. Among the mechanisms used 
by these bacteria is the production of beta- 
lactam enzymes, which inhibit the action 
of broad-spectrum beta- lactam antibiotics 
(MOTA and OLIVEIRA, 2018).

Antimicrobial drugs are of great 
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importance to public health as they help to 
reduce mortality and increase life expectancy, 
however, misuse causes resistance of 
microorganisms to these drugs, resulting in 
the race for new drugs capable of fighting 
diseases. previously controlled (DA COSTA et 
al, 2022).

Brazilian biodiversity is considered one of 
the largest in the world. Interest by researchers 
has grown in recent decades, even more so by 
plants that can generate compounds that can be 
used in industry. Extracts from plants are the 
best known and most used in the production 
of new drugs, mainly antibiotics, however, 
endophytic microorganisms are still poorly 
studied in relation to the pharmacological 
potential they can provide (SILVA et al., 2020; 
TORRES et al., 2022).

Despite being considered plant pathogenic 
fungi, Colletrotrichum sp. and Fusarium sp., 
found in greater quantity in this work, can 
coexist harmoniously within plant tissues, 
producing molecules capable of benefiting the 
plant against other disease-causing beings.

According to ALEXANDRE-POLIDO 
(2019), some species of Fusarium sp. have 
been shown to be able to inhibit cancer cells 
in addition to being effective antioxidants. 
Most species of this genus have the ability 
to produce secondary metabolites, including 
bioactive ones. Li et al 2020 demonstrated 
272 extracted compounds. Therefore, many 
species are placed in confrontation with other 
microorganisms in order to observe inhibitory 
properties, as observed in the present work, 
in which this genus showed a high inhibition 
capacity against pathogenic microorganisms. 
Among the metabolites present in Fusarium 
sp., there are flavonoids, terpenes, alkaloids, 
phenolic acids, and quinones, bioactives 
widely used in the pharmaceutical industry in 
the production of antibiotic drugs, however, 
still little applied when referring to this genus 
(BATISTA et al.., 2022).

Therefore, it is necessary to know in more 
detail the endophytic microorganisms, such as 
those present in Piper sp. and their use in the 
treatment of diseases, in view of the diversity 
of essential compounds produced by them to 
protect the environment in which they live, 
the plants. Thus, the identification of new 
species of endophytes plays an important role 
in the discovery of new antimicrobial drugs.

FINAL CONSIDERATIONS
The extracts of endophytic microorganisms 

present in the leaves and inflorescences of 
Piper hispidinervum C. DC. are a source of 
compounds capable of inhibiting the growth 
of pathogenic microorganisms such as S. 
aureus, E. coli and Candida albicans. Among 
these extracts, the most efficient against the 
test microorganisms was that obtained from 
Fusarium esp 07. However, further studies are 
still needed on the antimicrobial potential of 
molecules from this genre, which in the future 
may compose new drugs.
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