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Abstract Avrticle History

The World Health Organization (WHO) has now issued a warning that the world is “running out of
antibiotics”, escalating fears about global antibiotic resistance reaching new heights. Lately, the emergence
of drug-resistant bacteria has posed a critical challenge for the treatment of diseases and a gradual increase in
the frequency of nosocomial infections. Hence battle for newer antibiotics for bacterial infections became
necessary and a major research interest. This study focused on the extraction and elucidation of antibiotics
from the mycelia of Aspergillus niger isolated from poultry farm soil samples from local poultry farms were
randomly collected and screened for the presence of Aspergillus niger using standard, microbiological
techniques. The isolates were grown in a submerged culture and screened for antibiotics. The inhibitory
fractions were precipitated, eluted and purified and elucidated using solvent extraction, Column, thin layer
and gas chromatographic techniques, coupled with mass spectrophotometric (GC-MS). The study revealed
the presence of Aspergillus niger strain CBS513.88 (ANC5), Aspergillus niger strain HGH48 (ANHA48) and
Aspergillus niger strain HUS1 (ANH1). The isolates exhibited significant (P<0.05) production of potent
antibiotics when the pH, temperature, carbon and nitrogen sources were 7.0, 25°C, extracted sugar from
Phoenix dactylifera (date) fruits and NODZ (prepared from a mixture of Rhizobium Leguminosarum, soybean
meal and Arachis hypogoea nodule meal) respectively. The fractions; E-15-heptadecenal (C1) > 14-
pentadecenoic acid (C2) eluted from ANCS5 showed significant (P<0.05) inhibitory activities against enteric
bacterial pathogens; Escherichia coli strain HH35 (ECH3), Salmonella enterica serovar Typhi strain R27
(SETR7) and Shigella dysenteriae strain NCTC9718 (SDN9). Similarly, the fractions; oleic acid (H1) > 1-
docosene (H2) > 9-octadecenoic acid (Z), methyl ester (H5) > 1-octadecene (H3) from ANH48 and oleic acid
(N1) > 1-docosene (N2) > 1-octadecane (N3) and 2(3H)-furanone dihydro-4-hydroxy (N4) from ANH1,
showed significant (P>0.05) inhibitory activities against the enteric bacterial pathogens. From the study,
ANC5, ANH48 and ANHL1 isolated from poultry farms produced significant antibiotics against enteric
bacterial pathogens and could be used as alternative antibiotics for nosocomial infections.
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Introduction

The name Aspergillus niger emanated from the Latin word
‘Aspergillum’ which means ‘holy cup sprinkler’, because its
shape resembles a sprinkler when viewed under a light
microscope (Ano et al., 2017). It is a filamentous fungus that
appears like a small plant. A. niger is frequently called a black
mold, because it appears black on fruits and vegetables. It is the
most common mold found in the environment and in the soil. The
fungus is capable of producing citric acid in large quantity when
cultured in a medium that contains sugar (Akinfala et al., 2020).

A. niger causes a mild opportunistic respiratory infection in
immunocompromised individuals and food spoilage also had been
reported (Blin et al., 2019). The fungus is capable of thriving in
an environment where there is a high or low temperature which
could not favour the proliferation of other fungi. A. niger is
mostly found in habitats where decaying materials are found or in
grain storage store due to its saprophytic nature (Cairns et al.,
2018).

It had been revealed that A. niger inhabits soil environments,
especially in poultry farm. This could be attributed to its nutrition
and further supports its saprophytic mode of feeding as
documented by Elissawy et al. (2017). In poultry farm, birds
droppings and feeds saturate the soil, and these substances are
decomposed by A. niger releasing energy and carbon required for
metabolism.

Also, researchers had shown that A. niger is capable of producing
antibiotics as its secondary metabolites during the stationary
phase of growth (Akinfala et al., 2020; Fang et al., 2016; Cairns
et al., 2018). These antibiotics help the organism to compete
favorably in its environment, especially when nutrient availability
is limited but are not essential in the proliferation of the fungus.
Meanwhile, the metabolism of the organism is not affected by the
antibiotics, because of wvariation in structure with other
microorganisms especially bacteria. These antibiotics produced
by A. niger in its habitats can be optimized when the organism is
grown on a suitable medium. Cultivation or growing of A. niger
can be actualized by providing a suitable medium that mimics or
contains nutrients that support the growth of the fungus in its
natural environment (Ano et al., 2017). For instance, an artificial
medium that provides an adequate nutrient can be used such as
Potato dextrose broth, Sabouraud dextrose broth, yeast extract
agar and broth. The organism proliferates and yields secondary
metabolites (antibiotics) which can be extracted using an
extraction technique, and also their potency can be elucidated
using agar well diffusion as documented by Akinfala et al. (2020).

Several researchers had worked on evaluation of secondary
metabolites from Aspergillus species such as Akinfala et al.
(2020), Elissawy et al. (2019) and Blin et al. (2019) but little work
had been documented on the extraction and elucidation of
antibiotics from the mycelia of A. niger isolated from poultry
farm. Hence, this study is aimed at extracting and elucidating of
antibiotics from the mycelia of A. niger isolated from poultry
farm. The result obtained from this study would contribute
immensely in disease prevention and control.

Materials and Methods

Collection of samples: A total of 300 soil samples from
hospital waste dumping site were randomly collected from
different sites in lhiala L.G.A, Anambra State. This was
carried out using the method described in the study published
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by Iheukwumere et al. (2021). The litter from the soil surfaces
was carefully scrapped out using sterile stainless spoon. The
soil auger was derived to a plough depth of 15 cm in the farm
land, and soil sample was drawn up to 10 samples from each
sampling unit into a sterile tray. The samples were thorough
mixed and foreign materials such as roots, stones, pebbles and
gravels were carefully removed. The soil sample was then
reduced to half by quartering the sample. Quartering was
carried out by dividing the soil sample into four equal parts
and the two opposite quarters were discarded and the
remaining two quarters were mixed. The process was repeated
for the rest of soil samples used for this study. The samples
were carefully labeled and then kept in a disinfected cooler, to
maintain its temperature and stability of the number of the
isolates. The samples were transported to the laboratory for
analysis.

Isolation of the Fungal Isolates: The media used for this
isolation was Sabouraud dextrose agar (SDA/BIOTECH). One
gram of the soil sample was weighed into boiling test tube, 5
mL of normal saline was added and shake thoroughly and then
make up to 10 mL using the normal saline (10-dilution). One
milliliter of the suspension was added to four milliliter (4 mL)
of normal saline (0.85% NaCl), which was give 5 dilution.
From 5 dilution test tube, a five-fold serial dilution was
carried out to obtain 5° dilution. One milliliter aliquot from
10%, 5 and 57 test tubes were collected and aseptically plated
onto solidified sabouraud dextrose agar plate (90 mm x 15
mm) which was prepared according to the manufacturers
instruction and the procedures described in Cheesbrough
(2010) supplemented with chloramphenicol (0.05 %) and
spread using a spreading rod. The SDA was incubated in an
inverted position for 5-7 days at 30+2°C (Iheukwumer et al.,
2025¢).

Identification of Fungal Isolates: The fungal isolates were
identified to the genus/species level based on macroscopic,
microscopic and molecular characteristics of the isolates
obtained from pure cultures as described in the study published
by lheukwumere et al. (2020a) and Iheukwumere et al.,
(2022b).

Screening the Fungal Isolates for Antibiotic production:
For antibiotic production, Mueller Hinton Agar (MHA)
medium was prepared according to the manufacturer’s
direction. This was allowed to cool and then poured in Petri
dishes and kept in incubator at 37°C for 24 h to check its
sterility. Then the test organisms; Escherichia coli,
Staphylococcus aureus, and Salmonella species were grown
on broth culture at 37°C for 24 h. After incubation, sterilized
swab stick was dipped into the broth cultures and swabbed on
MHA plates and allowed for 1 h. Then wells were made on the
MHA plates using sterile cork borer. Then the broth culture of
the fungal isolates were carefully centrifuged at 6000 rpm for
10 minutes and their supernatants were poured into the wells
and incubated at 37°C for 48 h. zones of inhibition were
observed after incubation (Iheukwumere et al., 2025b)).

Extraction of Antibiotics: The characterized fungal isolates
were grown in a Brain heart Infusion broth: 10g/L,peptone
5g/L, dextrose 5g/L, NaCl 5g/L, Na2HPO4, 2.5g/L,
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(NH4)2504 1¢/L, CaCl2 0.02¢g/L, KH2PO4, 15g/L, yeast
extract 5¢/L, starch 1g/L, cysteine HCI and 1g/L, MgSO4
0.2¢/L. This was incubated at room temperature (30£2°C) for
7 days with intermittent manual shaking (Iheukwumere et al.,
2025).

Extraction and Elution of Antibiotic: The culture medium
was centrifuged at 8000 rpm for 15 min. This was filtered
using What Man No1 filter paper (110 mm x 110 mm). The
supernatant was eluted using a column chromatographic
technique using ethyl
acetate/hexane/methanol/dichloromethane at ration of 2:2:1:1.
In vitro Antibacterial Activities of the Eluate using Agar
Well Diffusion Method: This was carried out by the modified
method of Iheukwumere and Umedum (2013). Each labeled
plate was uniformly inoculated with the test organism
(Escherichia coli, Staphylococcus aureus and Salmonella
specie) using spread plate method. A sterile cork borer of 5
mm diameter was used to make the wells on the medium. One
tenth millilitre of the eluate was dropped into each labeled
wells and then incubated at 35+2°C for 24 h. Antibacterial
activity was determined by measuring the diameter of the
zones of inhibition (mm) produced after incubation
(lheukwumere et al., 2025d)

Purification and Elucidation of the Antibiotic: The eluate
that inhibited the growth of the tested bacteria were subjected
to Thin Layer Chromatographic technique using
chloroform/methanol (24:1 v/v), chloroform/methanol/water
(1:1:1 v/vlv), benzene/acetic acid/water (4:1:5 v/v/v) and
acetonitrile/water (92.5/7.5 v/v). The successive bands seen
on the plates were crapped off carefully, dissolved in
methanol, and centrifuged at 10,000 rpm for 10 min to remove
the silica. The supernatant was subjected to structural
elucidation using gas chromatography coupled with mass-
spectrophotometer (Ranjan and Jadeja, 2017).

Data Analysis: The data obtained in this study were presented
in tables and figures. Their percentages were also calculated.

Table 1: Macroscopic characteristics of the isolates
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Significance of the study was carried out using one way
Analysis of Variance (ANOVA) at 95% confidence level. Pair
wise comparism was carried out using student “t” test
(Iheukwumere et al., 2018, Iheukwumere et al., 2020).

Results

The fungal (M,N and O) exhibited similar macroscopic and
microscopic characteristics but differed slightly on the later
colour on Sabouraud Dextrose agar (SDA) as shown in tables
1 and 2. The molecular characteristics revealed that isolates
M,N and O Aspergillus niger strain CBS513.88 (ANCb),
Aspergillus niger strain HG48 (ANH48) and Aspergillus niger
strain HUS1 (ANH1).

The antibiotics secreted from the fungal isolates showed
significant (P<0.05) inhibition against the enteric bacterial
pathogens. The fractions (C1>C2) eluted from ANCS5 showed
significant (P<0.05) activities against enteric bacteria
pathogens Escherichia coli strain HH35 (ECH3), Salmonella
enterica serovar Typhi strain R27 (SETR7) and Shigella
dysenteriae strain NCTC 9718 (SDN9), of which the activity
was most against ECH3 but it was statistically non-significant
(P>0.05) when compared to the activities against SETR7 and
SDN9. Cl1 and C2 were E-15-heptadecenal and 14-
pentadecenoic acid. The fractions (H1>H2>H4>H5>H3) from
ANH48 exhibited similar inhibitory activities with the
fractions from ANCS5 as shown in figures 1-3. Also similar
trends was seen in the fractions (N1>N2>N3>N4) eluted from
ANHL1 as shown in figure 4.

The GC-MS products of ANC5, ANH1 and ANH48 were
presented in Figures 5-7. H1, H2, H3, H4 and H5 were Oleic
acid, 1-Docosene, 1-Octadecene, 10-Octadecenoic acid,
methyl ester and 9-Octaddecenoic acid (Z), methyl ester
respectively. N1, N2, N3 and N4 were Oleic acid, 1-docosene,
1-Octadecane and 2(3H)-furanone dihydro-4-hydroxy-
respectively.

Parameter Isolate M Isolate N Isolate O

Growth within 2-3 days on White White White to pale
SDA

Later growth from 5 days on Black with white edge Black with pale edge Dark brown

SDA

Reverse Colour Pale Pale Pale

Growth Rate Rapid Rapid Rapid

Colony texture Powdery Powdery Powdery

Colour Black Carbon black Dark brown
Fungus Aspergillus species Aspergillus species Aspegillus species

Table 2: Microscopic characteristics of the fungal isolates

Parameter Isolate M Isolate N Isolate O
Shape of vesicle Globose Globose Globose
Metula covering Entire Entire Entire
Shape of conidia Ellipsoidal Ellipsoidal Ellipsoidal
Colour of conidia Black Carbon black Dark brown
Conidia head Radiate Radiate Radiate
Texture of conidia Finely wrinkled Finely wrinkled Finely wrinkled
Nature of hyphae Septate Septate Septate
Colour of conidiosphore Hyaline Hyaline Hyaline
Texture of conidiosphore Smooth Smooth Smooth
Length of conidiosphore Long Long Long
Seriation (sterigmata) Biseriate Biseriate Biseriate

Fungus

Aspergillus niger

Aspergillus niger

Aspergillus niger
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Table 3: Molecular characteristics of the isolates

Parameter Isolate M Isolate N Isolate O
Max score 944 701 832
Total score 3779 701 832
Query cover (%) 100 100 100
E-value 0.0 0.0 0.0
Identity (%) 100 100 100
Accession number NT166520 KX099668 MF163441
Description Aspergillus niger strain Aspergillus niger strain Aspergillus niger strain
CBS513.88 (ANC5) HGA48(ANH48) HUS 1 (ANH1)
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Figure 1: Effects of the production of antibiotics enteric bacterial pathogens
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Figure 3: Diameter zones of inhibition of different fraction of eluates from ANHA48 against the test isolates.
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Figure 4: Diameter zones of inhibition of different fraction of eluates from ANHL1 against the test isolates.
Escherichia coli strain HH35-- ECH3, Salmonella entrica ser. Typhi strain R27 -- SETR7
Shigella dysenteriae strain NCTC9718 -- SDN9
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Table 4: GC/MC products from ANCS5 eluates

Fraction Product Molecular Formula
C1 E-15-Heptadecenal C17H320
C2 14-Pentadecenoic acid C15Hp802
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Figure 5a: Mass spectral of ANC5 eluates: E-15-Heptadecenal
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Figure 5b: Mass spectral of ANC5 eluates: 14-Pentadecenoic acid
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Table 5: GC/MC products from ANH1 eluates

Fraction Product Molecular Formula
N1 Oleic Acid C1gH3402
N2 1-Docosene CpoHyq
N3 1-Octadecene C18H3e
N4 2(3H)-Furanone, dihydro-4- C4HgO3
hydroxy-
100 >
HO,
41 69
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264
14 Lot 190 104 g7 22 23 gup 25 | 282
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Figure 6a: Mass spectral of ANH1 eluates: Oleic Acid
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Table 6: GC/MC products from ANH48 eluates

Fraction Product Molecular Formula
H1 Oleic Acid C18H3402
H2 1-Docosene CooHyq
H3 1-Octadecene C18H36
H4 10-Octadecenoic acid, methyl C19H3602
ester
H5 9-Octadecenoic acid (Z)-, C19H3602

methyl ester
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Figure 7a: Mass spectral of ANH48 eluates: Oleic Acid
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Discussion

The characteristic features of Aspergillus niger strain
CBS513.88 (ANC5), Aspergillus niger strain HG48 (ANH48)
and Aspergillus niger strain HUS1 (ANH1) isolated from
poultry farms in the present study supported the reports of
many researchers (Astoreca et al., 2011; Akhtar et al., 2014;
Ashraf et al., 2015; Habib et al., 2015).

The production antibiotics from different strains of Aspergillus
niger as witnessed in the present study supported the findings
of many researchers (Fawzy et al., 2011; Abdulwahid et al.,
2013; Anetal., 2019, Guo et al., 2021; Wei et al., 2022) who
extracted antibiotics in various form during their studies.

The inhibitory activities of the eluted and purified fractions
against enteric bacterial pathogens; Escherichia coli strain
HH35 (ECH3), Salmonella enterica serovar Typhi strain R27
(SETR7) and shigella dysenteriae strain NCTC9718 (SDN9)
agrees with the findings of Hase-gawa et al.(2007), Upton et
al.(2017) and Al-Fakin and Almagti (2019).

The elution and purification of oleic acid (Yoon et al., 2018;
Kumar et al., 2020; Casillas-vargans et al., 2021), 1-docosene
(Albralty et al., 2023), 1-octadecene (Alawode et al., 2023),
14-pentadecenoic acid (Casillas-vargans et al., 2021) and E-
15-heptadecenal (Afifah et al., 2012) agrees with the present
study since these fractions were extracted, eluted and purified
in the present study

Conclusion

The study revealed presence of Aspergillus niger strain
CBS513.88 (ANC5), Aspergillus niger strain HGH48
(ANH48) and Aspergillus niger strain HUS1 (ANH1). The
isolates exhibited significant production of potent antibiotics
against the enteric bacterial pathogens. The fractions eluted
from the fungal isolates showed significant inhibitory
activities against enteric bacterial pathogens; Escherichia coli
strain HH35 (ECH3), Salmonella enterica serovar Typhi strain
R27 (SETR7) and Shigella dysenteriae strain NCTC9718
(SDN9). From the study, ANC5, ANH48 and ANH1 isolated
from poultry farms produced significant antibiotics against
enteric bacterial pathogens and could be used as alternative
antibiotics for nosocomial infections.
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