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Abstract: Fungal contamination of livestock feed causes economic losses and health risks. Biological control using
beneficial microorganisms, especially antifungal bacteria, is a safe and sustainable alternative. This study aims to
isolate and identify Fusarium werticilloides from livestock feed, and the in witro inwvestigation for the first time of
antifungal activity of Microbulbifer halophilus 201Y. First, fungus and antagonistic bacterium were isolated from
livestock feed. Phenotypic and genotypic identification were used to identify and confirm the fungal and bacterial
isolates. Hydrolytic enzymes assays and the antifungal activity of 201Y were subsequently tested. The results indicated
that 201Y was capable of reducing fungal growth in the dual culture test; the inhibition rate was estimated between
53% and 56%. Moreover, volatile compounds produced by this strain reduced fungal growth by 64%. Although the
strain 201Y did not produce any tested hydrolytic enzymes. This study is the first to suggest that 201Y can be used as
a biological control agent and highlights its potential for future biological control applications.
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INTRODUCTION

Livestock feed is frequently contaminated by a variety of factors, such as environmental pollution, insects
and microorganisms, which include phytopathogenic fungi that are able to contaminate livestock feed
before, after harvest and also during transportation or storage [1, 2] These fungi can affect the feed quality,
and nutritional value, in addition to their capacity to produce mycotoxins which are considered as sources
of serious health risks for both people and animals [3]. Several studies had reported high contamination
of livestock feed with fungi and mycotoxins [4, 5, 6, 7]. In general, fungal and mycotoxin contamination
affects a wide range of raw materials and final feed intended for livestock production [8]. Fusarium
verticillioides is one of the most important filamentous pathogenic fungi with a wide range of grain cereal
hosts [9], which are integrated into human food, livestock feed, raw materials for industrial production,
and sources of biomass for energy production [10]. To reduce the risk of phytopathogens, chemical control
was widely applied, however, the interest of researchers has converted towards the alternative strategies
using potential antagonistic microorganisms [11] due to their environmentally safety and low-cost [12].
Several researches reported the biocontrol of F. verticillioides by bacteria [13, 14].

Microbulbifer are typically isolated from high-salinity environments [15], and characterized by their
capacity to degrade polysaccharides including chitin, cellulose [16], agar [17], alginate [18], and plastics
[19]. It has been reported that Microbulbifer strain A4B-17 was able to prevent the growth of Gram-
positive bacteria, yeasts, Aspergillus niger and Penicillium chrysogenum [20].

This study aims to isolate and identify F. verticillioides from livestock feed and to evaluate its biological
control using M. halophilus, which has not been previously reported as a biocontrol agent.

MATERIALS AND METHODS

ISOLATION AND IDENTIFICATION OF F. VERTICILLOIDES

Fusarium was isolated from animal feed samples collected from Eastern Poultry Group (OEB) of Sétif.
10 g of each sample was added to Erlenmeyer containing 90ml of 0.1% peptone water. After shaking of
mixture, serial dilutions to 10° were prepared for each sample. One ml of 10” dilution was inoculated in
duplicates into Potato Dextrose Agar (PDA) supplemented with 0.05 mg/ml chloramphenicol. Plates
were incubated for 5 to 14 days at room temperature [21]. Pure culture of the different colonies (based
on morphology) was obtained by sub-culture of the isolates on potato dextrose agar plates.

Obtained fungal isolates were identified at the genus/species level upon the macroscopic and microscopic
characteristics from pure cultures. Identification of Fusarium isolates was carried out using a standardized
media and incubation conditions. The general characters of Fusarium species were the size and shape of
macroconidia and microconidia, the presence or absence chlamydospores, manner of production of
microconidia, and color of colony on PDA medium [22].

The most common strain of Fusarium species was molecularly identified.

205



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 12 No. 1, 2026
https://theaspd.com/index.php

DNA EXTRACTION, PCR AMPLIFICATION AND SEQUENCING OF F. VERTICILLIOIDES
DNA extraction of F. verticillioides was performed using a NucleoSpin Plant II commercial kit (Macherey-
Nagel Germany). The F. verticiloides isolate was inoculated onto the PDA medium and incubated at
28°C for seven days. Genomic DNA was extracted after that using the a NucleoSpin Plant II commercial
kit (Macherey-Nagel Germany) as described in the manufacturer’s protocol, and then the extracted DNA
was stored at -20°C until use.

Molecular characterization was carried out based on conserved ribosomal internal transcribed spacer
(ITS) region, the universal primers pairs used was ITS1 (5’CTT GGT CAT TTA GAG GAA GTA A3
Gardes & Bruns (1993); ITS4 (5'TCCTCCGCTTATTGATATGC 3'), and the Elongation factor 1-alpha
was EF-728F (5" CAT YGA GAA GTT CGA GAA GG 3'); EF-2 (5'GGA RGT ACC AGT SAT CAT
GTT 3’) Carbone and Kohn [23]. Amplification was performed in a 25 pl reaction volume containing 5
ul Taq Promega Buffer, 1.5 pul MgCI2, 0.2 ul ANTP, 1pl primer F, 1pl primer R, 0.2 pl Taq polymérase
Promega, 2 pl genomic DNA. The amplification cycle consists of an initial denaturation at 95 °C for 5
min followed by 35 cycles at 95 °C for 30's, 55-52°C for 30's, and 72 °C for 45s and a final extension at
72 °C for 7 min. The amplification products were revealed after electrophoresis on 1.5% agarose gel of a
deposit of 10ul of PCR products. Migration is followed by staining in an ethidium bromide bath
(0.5ug/ml). Afterwards, the DNA was visualized and photographed under UV using the Gel doc system
from biorad (USA). The PCR products were purified using the NucleoSpin® Gel and PCR Clean-up kit
from Macherey-Nagel (Germany) following the protocol described by the supplier.

DNA SEQUENCING, ALIGNMENT AND PHYLOGENETIC ANALYSIS OF F.
VERTICILLIOIDES CZLD

The isolated and purified PCR products were sequenced using the Sanger technique, the BigDye v3.1 kit
from Applied Biosystems and the PCR primers used for the amplification of the fragments of interest.
The sequences obtained were analyzed and cleaned using the CHROMAS PRO software. The final
sequences are then compared with those of the GeneBank database using the NCBI BLAST Program
(https://blast.ncbi.nlm.nih.gov/Blast.cgi Blast) for the identification of the isolate studied.

ISOLATION AND IDENTIFICATION OF M. HALOPHYLUS STRAIN 201Y

Samples of livestock feed were mixed, serial dilution of mixed samples were made in physiological water
and diluted to 10”. ImL of 10” was inoculated in nutrient agar medium. Plats were incubated at 37°C
for 3-5 days [24]. The isolated bacteria were purified and tested for their ability to inhibit fungal growth
[25], bacterial strains demonstrated inhibitory activity against the fungus were selected for further studies
(morphological, physiological, and molecular characteristics, its antifungal activity were previously
described.

The bacterial strain 201Y was characterized according to morphological and chemical analyses, Gram
staining, colony and cell morphology, motility, and spore formation, catalase and oxidase tests. Genetic
analysis was conducted to confirm the isolate).

SCREENING OF EXTRACELLULAR ENZYMES ACTIVITY OF M. HALOPHILUS 201Y
Amylase activity was assessed by culturing the bacterial strain on minimal agar medium supplemented
with KH,PO, (0.1%), yeast extract (0.2%), MgSQO, (0.5%), and soluble starch (0.5%, w/v). The plates
were incubated at 30°C for 48 h. After incubation, Lugol’s iodine solution was applied to the plates, and
starch hydrolysis was evidenced by the formation of a clear zone surrounding the bacterial colonies [27].
Cellulolytic activity was assessed by growing the bacterial strain on a minimal agar medium plates
containing KH,PO, (0.1%), yeast extract (0.2%), MgSO,4 (0.5%), and carboxymethylcellulose (CMC,
0.5%) as a soluble cellulose substrate. The plates were incubated at 30°C for 48 h. After treatment with
an aqueous Lugol’s iodine solution, cellulose hydrolysis was visualized by the appearance of clear halos
around the colonies, indicating the ability of the bacterium to hydrolyze CMC. Chitinolytic activity was
assessed by culturing the bacterial strain on chitin agar medium containing (per liter): chitin (4 g), KHPO,
(0.7 g), FeSO4 (0.01 g), KH,PO, (0.3 g), MgSO,4-H,0 (0.5 g), ZnSO,4-7TH,0 (0.01 g), MnCl, (0.001 g),
NaCl (0.3 g), yeast extract (0.2 g), and agar (20 g). The plates were incubated at 30 °C for 5 days. Following
incubation, the cultures were flooded with Lugol’s iodine solution. The formation of clear zones around
the bacterial colonies indicated chitin hydrolysis, confirming the chitinolytic activity of the bacterium
[28]. Protease activity was tested by culturing bacterium on skim milk agar (SMA) plates (2.0% skim milk,
1.5% agar, and 1.0% glucose). Plates were incubated for 48 hours at 30°C. A positive proteolytic activity
was shown by the observation of bacterial growth on plates [29].

MOLECULAR IDENTIFICATION OF M. HALOPHILUS 201Y
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The extraction of bacterial genomic DNA was performed using the GF-1 Nucleic Acid Extraction Kit
(Vivantis Technologies Sdn Bhd, Selangor DE, Malaysia) according to the manufacturer’s instructions.
Extracted DNA was stored at 4°C until required for PCR. PCR amplification was achieved using the
primer set of 16S rRNA gene (27F: 5° - AGA GTT TGA TCC TGG CTC AG - 3’ and 1492R 5'- CCG
TCAATT CCTTTG AGT TT- 3’). Reaction mixture containing 1X PCR buffer (Solis Biodyne, Estonia),
1.5 mM Magnesium chloride (Solis Biodyne, Estonia), 0.2 mM of each dNTP (Solis Biodyne, Estonia), 2
U Taq DNA Polymerase (Solis Biodyne, Estonia). PCR reaction mixture contained 25 pl of master mix
(1.25 U Taq DNA polymerase (Solis Biodyne, Estonia), 3 pl of DNA template, 5 pl of each primer and
made up to 50 pl reaction volume with distilled H,0. The PCR runs were as follows: Initial denaturation
at 94°C (2 min), denaturation at 94°C (1 min), annealing at 55°C (1 min), and extension at 72°C (1 min).
The amplification was repeated in 30 cycles followed by a final extension at 72°C (7 minutes). PCR were
carried out using a thermocycler (icycler Bio-Rad, USA). In this work, the DNA concentrations were
checked using Nanodrop Spectrophotometer (NanoDropTM 2000, USA). Agarose gel electrophoresis:
After the PCR reaction, PCR product was separated on a 1.5% agarose gel (Sigma-Aldrich, USA). One
hundred base pair (100 bp) DNA ladder (Solis Biodyne, Estonia) was used as DNA molecular weight
marker. Electrophoresis was done at 80 V for 1 h 30 min, and the gel was viewed under UV light after
staining with Midori Green Advance (Nippon Genetics, Japan) and inspected with a UV transilluminator.
The PCR products were electrophoresed and purified (Clean-Up kit,Vivantis) and sent to a sequencing
agency (Apical scientific Sdn. Bhd.).

DNA SEQUENCE ANALYSIS AND PHYLOGENETIC TREE OF M. HALOPHILUS 201Y
Purified PCR products were sequenced in the forward and reverse direction in separate reactions and in
duplicate. Each reaction contained 40 pg template DNA, 2 pl of the appropriate PCR primer, 10 pl water
and 2 pl BigDye Terminator v3.1 Ready Reaction Mix (Applied Biosystems). Each reaction was heated to
96°C for 1 min, followed by 25 cycles at 96°C for 10 s, 50°C for 5 s and 60°C for 4 s. The sequencing
products were purified using an ethanol precipitation method to remove unincorporated reagents and
ensure a neutral charge. Briefly, sequencing products were washed in 80 pl ethanol precipitation mix (3
pl NaAc, 62.5 ul 95% ethanol and 14.5 pl water) and the DNA was pelleted by centrifugation. The pellet
was again washed in 200 ul 75 % ethanol and centrifuged. The pelleted DNA was air-dried and rehydrated
in 15 pl formamide and then loaded onto a 3130 Genetic Analyzer Capillary Array for detection (Applied
Biosystems). Two forward and two reverse sequences for each sample were aligned using Bionumerics
v3.5 (Applied Maths) to obtain a composite sequence. The quality of each sequence trace was manually
evaluated through visual inception. Low-quality sequences were edited and removed. The resulting
sequences were analyzed using BLASTn which available at NCBI website.

ANTIFUNGAL EFFICACY OF STRAIN 201Y AGAINST F. VERTICILLOIDES CZLD

DUAL CULTURE TEST

The antifungal efficacy test of strain 201Y against CZLD was conducted using two methods. In the first
method, the strain was cultured in nutrient broth and incubated at 30°C for 24 hours. A bacterial streak
was then made in the center of each Petri dish containing PDA, and then a disc of 5 mm of mycelium
was taken from the edge of a 7-olde colony of F. verticilloides and placed at 2.5 cm from bacterial strip.
Plates were incubated for 7days at 28°C. Inhibition percentage was calculated by the following formula:
I= (R1 -R2) /R1 * 100

Where: R1: the radial growth of fungal colony from center to the edge of the Petri dishes. R2: the radial
growth of the colony from the center to the bacterial strip. The test was established with three repetitions
(30].

The second method involved placing a 5-mm mycelial disk, taken from a 7-day-old culture, at the center
of a Potato Dextrose Agar (PDA) plate, and the antagonistic isolate was streaked approximately 3 cm away
from fungus disk. Plates with fungus only served as controls, and three repetitions were established for
each treatment. All Petri dishes were incubated at 28°C in the dark for 7 days. Inhibition percentage was
calculated by the following formula:

Inhibition percentage (%) I= (C -T) / C * 100. Where, C: the radial growth of pathogenic mycelia without
bacteria, T: the radial growth of pathogenic mycelia with bacteria [31].

EVALUATION OF ACTIVITY OF VOLATILE COMPOUNDS PRODUCED BY STRAIN 201Y
AGAINST F. VERTICILIOIDES CZLD

To evaluate the inhibitory effect of volatile compounds (VOCs), a double Petri dish assay was used. In
brief, 100 pl of bacterial suspension of 10° (bacteria/ml) taken from a 24h nutrient agar culture was
speared on PDA, the plate cover was then replaced by a PDA plate previously cultured in the center by a
disk of (5mm) of Fusarium. Both plates were directly sealed with Parafilm, and incubated for 7days at
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28°C. Plates of PDA with only Fusarium culture were saved as control [32]. Each experiment was
conducted three times. The antifungal activity was calculated by the following formula:
Inhibition percentage (%) = (A1 — A2)/ Al) *100. Where,
Al: the radial growth of pathogenic mycelia without 201Ystrain,
A2: the radial growth of pathogenic mycelia with 201Ystrain.

Statistical analysis was performed using Microsoft Excel, with inhibition rates expressed as mean *
standard deviation (SD) based on three replicates (n=3)

RESULTS

ISOLATION AND IDENTIFICATION OF THE F. VERTICILLIOIDES CZLD

Our study showed that all livestock feed samples was contaminated with fungi. The level of contamination
ranged from 4 10’ to 1. 8 10* CFU/g. This study was focused on the Fusarium fungus, especially on the
most prevalent F. verticillioides isolates.

On PDA medium, F. verticilloides colonies were low to moderately deep, mycelium colored white, pale
salmon, and powdery with microconidia. After a long period of incubation, the center of colony changes
to deep violet, paler at the margins. Microconidia abundant, fusiforme, aseptate, produced from phyalide,
the distinctive features of this fungus are the production of microconidia in fals haeds from polyphyalides
or monophialides, positioned in long chains, and the absence of chlamydoconidia (Fig 1).

Fig.1. Macroscopic and microscopic characteristics of F. verticillioides CZLD (a: colony in PDA culture
medium, b: phialides, c: chains of microconidia)

The final sequences of the strain were then compared with those in the GeneBank database using the
NCBI BLAST Program (https://blast.ncbi.nlm.nih.gov/Blast.cgi Blast) for the identification of the isolate
studied based on the % homology with the reference strains. The closest isolate was F. verticillioides strain
CZLD, with a similarity rate of 99.61%. To construct phylogenetic tree, the Molecular Evolutionary
Genetic Analysis (MEGA-11) software was used (Fig2).
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Fig.2. Phylogenic tree of F. verticillioides CZLD constructed with MEGA 11using neighbor joining
method, Phylogeny Booststrap method, with node IDs. Bar 0. O1.

IDENTIFICATION OF ANTAGONISTIC STAIN 201Y AND PHYLOGENETIC TREE

The study was focused on bacteria that exhibited a preliminary inhibitory effect on fungal growth.
According to the morphological characteristics, antagonistic strains 201Y was rods, single, Gram negative,
non-sporulation, colonies were circular, opaque, white. The strain 201Y was negative oxidase and positive
catalase. Genetic analysis was conducted to confirm the isolate.

After comparing consensus sequences with those of the Gene Bank database using the NCBI BLAST
program (https://blast.ncbi.nlm.nih.gov/Blast.cgi Blast), our isolate was identified as Microbilbufer
halophilus strain 201Y witch a similarity rate of (99.79%). The molecular Evolutionary Genetic Analysis
(MEGA-11) software was used to make phylogenetic tree (Fig.3).
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Fig 3: Phylogenetic tree of M. Halophilus strain 201Y based on 16S rRNA gene sequences showing the
relationship of the strain with species that are genetically similar. Tree was constructed by the neighbor-
joining method. Bootstrap values (%) based on 1000 replications are given at nodes. Bar. 0.05.

The enzymatic assays revealed that M. halophilus showed negative results for hydrolytic enzyme
production, as no detectable activity of amylase, cellulase, protease, or chitinase was observed under the
tested conditions.

ANTAGONISTIC ACTIVITY OF M. HALOPHILUS STRAIN 201Y
Antagonistic tests were performed to assess the ability of the strain 201Y to inhibit the growth of F.

verticillioides CZLD. According to the first method [30], the strain 201Y showed an inhibitory effect the
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growth of F. verticillioides CZLD, the inhibition rate was estimated at 53 %. However, when using the
second method [31], the inhibition rate was estimated at 56 % (Fig4).

Fig 4: Antagonistic activity of M. halophilus 201Y against F. verticillioides CZLD in dual culture test. a:
according to the first method [30]; b: according to the second method; c: control.

ANTIFUNGAL ACTIVITY OF VOCs PRODUCED BY STRAIN 201Y AGAINST F.
VERTICILIOIDES CZLD

Regarding the test of volatile compounds on fungal growth, the strain 201Y demonstrated its ability to
reducing growth of pathogen with percentage inhibitory of 64 % (Fig5).

Fig. 5. Effects of the antifungal volatiles produced by the strains201Y on mycelial growth of F.
verticilioides CZLD (a; treated plate, b; control)

DISCUSSION

All feed samples were contaminated with fungi which is line previous results reported by several
researchers in other regions, such as Iran [1], Nigeria [21], Italy [33], and Algeria [34]. Contamination
values was ranged from 4 10’ to 1.8 10* CFU/g. In comparison to published results our samples showed
nearly the same fungal contamination with other results obtained from Algeria [34] and Iran [1]. Fusarium
species were the predominant fungi linked to cereals worldwide, F. verticillioides being the most
commonly isolated species from cereals [35]. Bacterial and fungal agents are among the known
contaminants of poultry feeds [36]. The contamination of feed with these microorganisms may originate
from raw feed ingredients, stored feed products, during feed processing feed processing and handling in
addition to other environmental sources.

Biological control strategy can be used to reduce the contamination by fungi [37]. Several bacterial species
were proved their capacity to reduce fungal growth in vitro such as Bacillus subtilis [38], B. megaterium
and B. cereus [39].

This study is the first that indicates the presence and the use of the M. halophilus as biological control in
Algeria. Some species were isolated and identified like Microbulbifer sp. ALW1 [40], Microbulbife strain
C4-6, isolated [41] from Nagasaki, Japan. The bacterial strain was isolated from livestock feed in our study,
likely originating from the concentrated mineral supplements used in feed production. These minerals
are typically sourced from diverse natural reservoirs including terrestrial deposits (soil and rocks) and
marine environments [42]. It could also be due to contamination from air, soil, or water used during the
manufacturing process [36]. Moreover, this bacterium has the ability to grow in low-salinity culture media,
such as PDA, Nutrient Agar. The strain 201Y is Gram-negative, non-spore-forming, and motile. Colonies
are white, round, and opaque. These cells test negative for oxidase and positive for catalase. M. halophilus
is a Gram-negative bacterium, some are yellowish-brown like YIM 91118T strain isolated from north-west
China, this strain was oxidase and catalase positive [43].
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In dual culture test strain 201Y showed an inhibitory effect on growth of F. verticillioides CZLD with a
percentage of inhibition ranged between 53 to 56 %, and also by the production of volatile compounds.
Some species of the genus Microbulbifer have been reported to produce hydrolytic enzymes, including
chitinase [40], and cellulase [44]. However, in the present study, M. halophilus did not exhibit detectable
amylase, cellulase, protease, or chitinase activity under the tested conditions. Despite the absence of these
enzymatic activities, the bacterium demonstrated a clear inhibitory effect against fungal growth. This
observation suggests that the antifungal activity of M. halophilus is likely not mediated by hydrolytic
enzymes, but rather attributed to the production of other bioactive molecules, such as secondary
metabolites or antifungal compounds, which may play a key role in fungal growth suppression. In a
previous study, the strain Microbulbifer sp. WMMC-695 exhibited antimicrobial activity against E. coli
[45]. It has been reported that the production of secondary metabolite 4HBA appears to be a common
characteristic of the genus Microbulbifer. In the same time, the alkyl esters of 4HBA produced by strain
A4B-17 showed an inhibitory effect on growth of Aspergillus niger and Penicillium chrysogenum [20]. A
previous study reported that compounds produced by Microbulbifer sp, namely bulbiferates A and B,
showed antibacterial activity against E. coli and methicillin-sensitive Staphylococcus aureus [45]. Similarly,
other compounds, bulbimidazoles A-C, isolated from Microbulbifer sp., demonstrated broad-spectrum
antimicrobial activity against Gram-positive and Gram-negative bacteria as well as fungi [46]. The results
of this study indicate that the investigated bacterial isolate, which has not previously been used as a
biocontrol agent, was able to inhibit fungal growth through the production of volatile compounds, with
an inhibition rate reaching 64 %. These findings provide preliminary evidence of the specific effectiveness
of this isolate against this fungus and highlight its potential for future biological control applications.

CONCLUSION

In this study, F. verticillioides and an antagonistic bacterial isolate 201Y were isolated from livestock feed
and genetically identified. The ability of the bacterial isolate to inhibit fungal growth was evaluated, and
the results demonstrated for the first time, that this isolate can suppress F. verticillioides growth both
through the production of inhibitory metabolites and via volatile organic compounds, whose role had
not previously been reported for this isolate. These findings highlight the potential of this bacterium as a
promising source of biological control agents, particularly in light of the growing need for safe and
sustainable alternatives to chemical treatments in feed protection and animal health. Moreover, this work
contributes to expanding current knowledge on the use of bacteria and their secondary metabolites to
reduce feed-contaminating fungi.

ACKNOWLEDGEMENT: None.
CONFLICT OF INTEREST: The authors declare that there is no conflict of interest.
FUNDING: None

REFERENCES

1. Rezaei M, Pourfard IM, Yahyaei M, Gholamrezaei M, Ghasemikhah R, Bonchenari MK. Evaluation of some dairy and beef
cattle feed samples for fungal contamination in Markazi Province of Iran. Int ] Curr Microbiol Appl Sci. 2015;4(6):1139-1146.
2. Agriopoulou S, Stamatelopoulou E, Varzakas T. Advances in Occurrence, Importance, and Mycotoxin Control Strategies:
Prevention and Detoxification in Foods. Foods. 2020;9:137.

3. Awuchi CG, Ondari EN, Ogbonna CU, Upadhyay AK, Baran K, Okpala COR, Guiné RP. Mycotoxins affecting animals,
foods, humans, and plants: Types, occurrence, toxicities, action mechanisms, prevention, and detoxification strategies, a revisit.
Foods. 2021;10(6):1279.

4. Greco MV, Franchi ML, Rico Golba SL, Pardo AG, Pose GN. Mycotoxins and mycotoxigenic fungi in poultry feed for food-
producing animals. Scientific World Journal. 2014;2014:968215.

5. Islam MT, Hossain MK, Elahi ATMM, Purkayastha M, Rahman MM. Isolation and identification of common fungal spp.
from commercial broiler feeds available in market of Sylhet district, Bangladesh.

6. Jayaraman P, Rajesh V, Krishnan KV. Analysis of formulated cattle-feed samples for the natural occurrence of storage fungi
and aflatoxin B1. Int J Curr Microbiol Appl Sci. 2017;6(2):1853-1863.

7. Khalifa E, Mohesien MT, Mossa MI, Piekutowska M, Alsuhaibani AM, Abdel-Wahab BA, Abdel-Azeem AM. Diversity of
toxigenic fungi in livestock and poultry feedstuffs. Int ] Environ Res Public Health. 2022;19(12):7250.

8. Magnoli AP, Poloni VL, Cavaglieri L. Impact of mycotoxin contamination in the animal feed industry. Curr Opin Food Sci.
2019;29:99-108.

9. Otieno PK, Imbahale SS, Wekesa VW, Otipa M, Okoth S. Molecular determination of toxigenic potential of Fusarium spp.
isolated from seeds of wheat (Triticum aestivum) genotypes and evaluation of levels of fumonisins in the grains at harvest in
three major wheat producing counties in Kenya. Int ] Agron. 2022;2022:1428312.

211



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 12 No. 1, 2026
https://theaspd.com/index.php

10. Warr B, Schandl H, Ayres RU. Long term trends in resource exergy consumption and useful work supplies in the UK, 1900
to 2000. Ecol Econ. 2008;68(1-2):126-140.

11. Agarwal M, Dheeman S, Dubey RC, Kumar P, Maheshwari DK, Bajpai VK. Differential antagonistic responses of Bacillus
pumilus MSUA3 against Rhizoctonia solani and Fusarium oxysporum causing fungal diseases in Fagopyrum esculentum
Moench. Microbiol Res. 2017;205:40-47.

12. Ab Rahman SFS, Singh E, Pieterse CM, Schenk PM. Emerging microbial biocontrol strategies for plant pathogens. Plant
Sci. 2018;267:102-111.

13. Hirozawa MT, Ono MA, de Souza Suguiura IM, Bordini JG, Hirooka EY, Ono EYS. Antifungal effect and some properties
of cellfree supernatants of two Bacillus subtilis isolates against Fusarium verticillioides. Braz ] Microbiol. 2024:1-12.

14. Viana CL, Fontes FJE, Aguiar FM, Evodio MI. Antifungal activity of bacterial strains from maize silks against Fusarium
verticillioides. Arch Microbiol. 2022;204(1).

15. Moh TH, Lau NS, Sean N, Furusawa G, Amirul AA. Complete genome sequence of Microbulbifer sp. CCB-MMI1, a
halophile isolated from Matang Mangrove Forest, Malaysia. Stand Genomic Sci. 2017;12(1):36.

16. Baba A, Miyazaki M, Nagahama T, Nogi Y. Microbulbifer chitinilyticus sp. nov. and Microbulbifer okinawensis sp. nov.,
chitin-degrading bacteria isolated from mangrove forests. Int ] Syst Evol Microbiol. 2011;61(9):2215-2220.

17. Miyazaki M, Nogi Y, Ohta Y, Hatada Y, Fujiwara Y, Ito S, Horikoshi K. Microbulbifer agarilyticus sp. nov. and Microbulbifer
thermotolerans sp. nov., agar-degrading bacteria isolated from deep-sea sediment. Int ] Syst Evol Microbiol. 2008;58(5):1128-
1133.

18. Vashist P, Nogi Y, Ghadi SC, Verma P, Shouche YS. Microbulbifer mangrovi sp. nov., a polysaccharide-degrading bacterium
isolated from an Indian mangrove. Int J Syst Evol Microbiol. 2013;63:2532-2537.

19. Kampfer P, Arun AB, Young CC, Rekha PD, Martin K, Busse HJ. Microbulbifer taiwanensis sp. nov., isolated from coastal
soil. Int J Syst Evol Microbiol. 2012;62:2485-2489.

20. Peng X, Adachi K, Chen C, Kasai H, Kanoh K, Shizuri Y, Misawa N. Discovery of a marine bacterium producing 4-
hydroxybenzoate and its alkyl esters, parabens. Appl Environ Microbiol. 2006;72(8):5556-5561.

21. Maina N, Maina M, Zanna M, Lawani M, Vinkings E. Mycological evaluation and mycotoxin contamination of swine and
poultry feed-shelf life assessment in Makurdi, Nigeria. Appro Poult Dairy Vet Sci. 2018;2(5):APDV.000550.

22. Pitt JI, Hocking AD. Fungi and Food Spoilage. Allemagne: Springer US; 2009.

23. Carbone I, Kohn LM. A method for designing primer sets for speciation studies in filamentous ascomycetes. Mycologia.
1999;91(3):553-556.

24. Danbappa AAR, Alhassan KA, Shah MM. Isolation and identification of microbial contaminants associated with commercial
poultry feeds. ] Appl Adv Res. 2018;3(5):142-147.

25. Cheng X, Ji X, Ge Y, Li J, Qi W, Qiao K. Characterization of antagonistic Bacillus methylotrophicus isolated from
rhizosphere and its biocontrol effects on maize stalk rot. Phytopathology. 2019;109(4):571-581.

26. Hyun HH, Zeikus JG. General biochemical characterisation of thermostable extracellular B-amylase from Clostridium
thermosulfurogenes. Appl Microbiol. 1985;19:1162-1167.

27. Teather RM, Wood PJ. Use of the Congo-red polysaccharide interactions in enumeration and characterization of cellulolytic
bacteria from the bovine rumen. Appl Environ Microbiol. 1982;43:777-780.

28. Renwick A, Campbell R, Coe S. Assessment of in vivo screening systems for potential biocontrol agents of Gaeumannomyces
graminis. Plant Pathol. 1991;40(4):524-532.

29. Hakim A, Bhuiyan FR, Igbal A, Emon TH, Ahmed ], Azad AK. Production and partial characterization of dehairing alkaline
protease from Bacillus subtilis AKAL7 and Exiguobacterium indicum AKAL11 by using organic municipal solid wastes. Heliyon.
2018;4(6).

30. Sadfi-Zouaoui N, Essghaier B, Hajlaoui MR, Fardeau ML, Cayaol JL, Ollivier B, Boudabous A. Ability of moderately
halophilic bacteria to control grey mould disease on tomato fruits. ] Phytopathol. 2008;156(1):42-52.

31. Tian D, Song X, Li C, Zhou W, Qin L, Wei L, Di W, Huang S, Li B, Huang Q, Long S, He S, Wei S. Antifungal mechanism
of Bacillus amyloliquefaciens strain GKTO4 against Fusarium wilt revealed using genomic and transcriptomic analyses.
MicrobiologyOpen. 2021;10:e1192.

32. RuizMoyano S, Hernandez A, Galvan Al, Cordoba MG, Casquete R, Serradilla MJ, Martin A. Selection and application of
antifungal VOCs-producing yeasts as biocontrol agents of grey mould in fruits. Food Microbiol. 2020;92:103556.

33. Ceniti C, Costanzo N, Spina AA, Rodolfi M, Tilocca B, Piras C, Britti D, Morittu VM. Fungal contamination and Aflatoxin
B1 detected in hay for dairy cows in south Italy. Front Nutr. 2021;8:704976. doi:10.3389/fnut.2021.704976

34. Saber H, Moussaoui A, Chebloune Y. Investigation of the mycological infection of animal feeds in western Algeria. South
Asian ] Exp Biol. 2022;12(6).

35. Achar PN, Sreenivasa MY. Current perspectives of biocontrol agents for management of Fusarium verticillioides and its
fumonisin in cereals: A review. ] Fungi. 2021;7(9):776.

36. Mgbeahuruike AC, Agina OA, Anyanwu MU, Emejuo NT, Ekere SO, Ugwu PC, Andong FA. Microbial contamination of
poultry feed and the effects on birds’ performance. Anim Res Int. 2023;20(1):4834-4861.

37. Alberts JF, Van Zyl WH, Gelderblom WCA. Biologically based methods for control of fumonisin-producing Fusarium species
and reduction of the fumonisins. Front Microbiol. 2016;7:548.

212



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 12 No. 1, 2026
https://theaspd.com/index.php

38. Cavaglieri L, Passone A, Etcheverry M. Screening procedures for selecting rhizobacteria with biocontrol effects upon
Fusarium verticillioides growth and fumonisin B1 production. Res Microbiol. 2004;155:747-754.

39. Figueroa-Lépez AM, Cordero-Ramirez JD, Martinez-Alvarez JC, Lopez-Meyer M, Lizarraga-Sanchez GJ, Félix-Gastélum R,
Maldonado-Mendoza IE. Rhizospheric bacteria of maize with potential for biocontrol of Fusarium verticillioides. Springer Plus.
2016;5(1):330.

40. Li RK, Chen Z, Ying X]J, Ng TB, Ye XY. A novel GH16 beta-agarase isolated from a marine bacterium, Microbulbifer sp.
BN3 and its characterization and high-level expression in Pichia pastoris. Int ] Biol Macromol. 2018;119:1164-1170.
doi:10.1016/j.ijbiomac.2018.08.053

41. Sharma RA, Harunari E, Zhou T, Trianto A, Igarashi Y. Isolation and biosynthesis of an unsaturated fatty acid with unusual
methylation pattern from a coral-associated bacterium Microbulbifer sp. Beilstein ] Org Chem. 2019;15:2327-2332.
doi:10.3762/bjoc.15.225.

42. Hassan A, Mahmoud R, El-Sayed M. Halophilic bacterial contamination in marine-based animal feed and its impact on
aquaculture systems. ] Aquat Anim Nutr. 2018;12(3):45-60.

43. Tang SK, Wang Y, Cai M, Lou K, Mao PH, Jin X, Li WJ]. Microbulbifer halophilus sp. nov., a moderately halophilic bacterium
from north-west China. Int ] Syst Evol Microbiol. 2008;58(9):2036-2040.

44. Tanaka D, Ohnishi K, Watanabe S, Suzuki S. Isolation of cellulase-producing Microbulbifer sp. from marine teleost blackfish
(Girella melanichthys) intestine and the enzyme characterization. ] Gen Appl Microbiol. 2021;67:47-53.
doi:10.2323/jgam.2020.05.001

45. Jayanetti DR, Braun DR, Barns KJ, Rajski SR, Bugni TS. Bulbiferates A and B: Antibacterial acetamidohydroxybenzoates
from a marine Proteobacterium, Microbulbifer sp. Nat Prod. 2019;82:1930-1934. doi:10.1021/acs.jnatprod.9b00312

46. Karim MRU, Harunari E, Oku N, Akasaka K, Igarashi Y. Bulbimidazoles A-C, antimicrobial and cytotoxic alkanoyl
imidazoles from a marine gammaproteobacterium Microbulbifer species. ] Nat Prod. 2020;83(4):1295-1299.

213



