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ABSTRACT
Fungi is a kingdom that includes multicellular eukaryotic organisms such as yeast and
ICLE
mold; these organisms are heterotrophs (cannot make their own food) but have
significant roles in nutrient cycling. To obtain nutrients from organic material, they use
their hyphae, which elongate and branch off swiftly; using the mycelium quickly, they
increase their size. Currently, a few media are suitable for fungal growth, such as
sabouraud dextrose, malt extract and brain heart infusion medium. Bacterial eosin
methylene blue (EMB) media is well-suited to fungi, which acts as selective media to
differentiate Gram-negative bacteria. EMB, known as "Levine's formulation”, is a
selective and differential medium for Gram-negative bacteria. In EMB media, fungi even
grow faster than Gram-negative bacteria. In addition to this faster growth of fungi, it
deters the growth of Gram-negative bacteria by reducing the pH. The majority of the
time, fungi require specific conditions to flourish. In this study, we observed fungal
growth, especially mold (Aspergillus niger), in EMB media and its retardation activity of
Gram-negative bacterial growth. For this new finding assurance, we performed the
bacterial and fungal identification test further along with repeating the three times of the
whole experiment, and we found the same result. The fungal species was A. niger, and
the bacterial species was Escherichia coli.

INTRODUCTION
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License, which
permits unrestricted noncommercial use, distribution, and
reproduction in any medium,
provided the original work is
properly cited.

Fungi are group members of the eukaryotic family, including yeast mold and
mushroom [1]. They obtain their food by taking dissolved molecules, typically by
concealing digestive enzymes into their habitat [2, 3]. Fungi have a wide range of
distributions and grow in almost all habitats, including extreme areas such as deserts or
areas where high salt concentrations remain [4], deep-sea areas [5, 6] and ionizing
radiation environments [7]. However, we know that most fungi cannot be adapted to
bacterial media [8]. Due to their great plasticity and ability to adopt numerous shapes
in response to adverse or unfavorable situations, fungi are extremely effective habitats
[9]. Due to its capacity to create a wide range of extracellular enzymes, various organic
materials can be breached, and soil components can be decomposed, and carbon and
nutrient balance can be regulated [10]. Fungi transform dead organic materials to
organic acids, carbon dioxide or biomass. A large number of fungal species can be
efficient biosorbents in the fruiting bodies of poisonous metals such as cadmium,
copper, mercury and zinc. These factors can impact their development and
reproduction [11]. Various biotic (plants and other creatures) and abiotic (soil pH,
humidity, salinity, structure and temperature) variables influence the variety and
activity of the fungus [12, 13]. The variety and composition of the plant community
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greatly influence fungal populations, which in turn impact plant development through
mutualism, disease and the availability and cyclical effects of nutrients [14-16]. Fungi
also participate in the fixation of nitrogen, hormone synthesis, biological root
management and drought protection [17-19]. They serve an essential function in soil
organic matter stability and residue breakdown [20].
Eosin methylene blue (EMB) is a differential microbiological medium that allows only
Gram-negative bacteria by inhibiting the growth of Gram-positive bacteria and
provides a color indicator distinguishing among organisms based on lactose
fermentation [21]. EMB contains eosin Y and methylene blue, which are pH indicator
dyes that are toxic to other Gram-positive bacteria without Gram-negative coliform
bacteria [22]. It is also used to differentiate pathogenic microbes in medical science [23].
Without Gram-negative coliform bacteria, other microbes cannot grow on this medium,
as they contain peptone, lactose, dipotassium phosphate, eosin Y (dye), methylene blue
(dye), and agar [24]. Colic mastitis accounts for 20–80 percent of acute clinical mastitis
and is an ongoing concern for US dairy producers due to the economic ramifications.
Coliform mastitis pathogens include Escherichia coli, Klebsiella spp. and Enterobacter spp.
and are Gram-negative, typically lactose-fermenting bacilli [25]. Serratia, Pasteurella,
Proteus and Pseudomonas are other Gram-negative microbes that may be isolated from
the mammalian gland. A quick and precautionary treatment strategy must be carried
out if the causal organism is identified quickly [26]. Coliform bacteria usually grow
rapidly when plated on 5% sheep agar and generally generate adequate bacterial
growth for follow-up work after overnight incubation [27-29]. It is possible to identify
E. coli with EMB agar based on the incidence on the surface of the bacterial colonies of a
green-metallic sheen [30]. The dyes in EMB agar, eosin Y and blue methylene are pH
indicators and Gram-positive inhibitors, combining green metallic precipitates with the
formation of an acidic pH [31, 32].
Most fungi need special media for their growth. We usually believe that fungi cannot
be well-adapted to bacterial media for their growth. However, in our findings, we
found that the mold strain Aspergillus niger usually takes place in a small amount on the
human mouth, belly and surface skin without causing any problems and can grow well
in bacterial EMB media. In addition to their growth in EMB media, they also deterred
bacterial growth. We examined the pH value before and after growing fungi in EMB
medium to determine the cause of bacterial growth inhibition and discovered that the
pH value decreased after mold development.

MATERIALS AND METHODS
We collected three samples from soil, washroom and canal water from the
Bangabandhu Sheikh Mujibur Rahman Science and Technology University
(BSMRSTU), Bangladesh.
For soil sample collection, we used a sterile spoon and Eppendorf tube. First, For the
canal water sample, we used 400 µl canal water in a sterile Eppendorf tube. The
samples were then vortexed for 1 min by a vortex mixer (Labnet, USA) in the lab. It
employs a very simple mechanism to precisely agitate samples and stimulate reactions
or homogenization. After settling down the soil sample debris into an Eppendorf tube,
we took 50 µl supernatant using a sterile micropipette and poured it into the first EMB
media petri plate. Then, using a one-time sterile spreader, we spread evenly over the
surface smoothly as if all the surfaces of the petri plates were covered by the sample
supernatant.
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For washroom samples, we used sterile cotton bars and Eppendorf tubes. Then, we
carefully swabbed tab handle with this sterile cotton bar. After the swabbing, the cotton
bar was dipped into 400 µl sterile distilled water into Eppendorf tube and then cut the
swab site using a scissor to drop off the collected sample in the Eppendorf tube. Then,
we vortexed the sample containing an Eppendorf tube for 1 min by a vortex mixer
(Labnet, USA) in the lab. Then, using a micropipette, a 50 µl sample was poured into a
second EMB media petri plate, and using a readymade one-time sterile spreader, we
spread evenly over the surface smoothly.
For the canal water sample, we used 400 µl of canal water in a sterile Eppendorf tube.
After carrying the sample in the lab, we vortexed the sample containing an Eppendorf
tube for 1 min. Then, 50 µl of micropipette sample was poured into third EMB media,
and using a one-time sterile spreader, we spread evenly over the surface.
Before autoclaving the media, we measured the pH value to ensure the accuracy of our
media preparation. After spreading out the samples on media plates, we kept all media
containing the sample in an incubator at 25 C. After 24 h, we did not find any colonies
in the media, but after 48 h, we found fungal colonies in the plate. We again measured
the pH of the media after 24 h and 48 h for bacterial growth retardation reasons.
Then, to confirm the growth time between Gram-negative coliform bacteria and fungi
on EMB media, we individually cultured bacteria and fungi in two different EMB
media. Additionally, we measured the pH value after 24 h and 48 h of incubation at 25
°C. Finally, we identified the fungal strain and bacterial strain by morphological and
biochemical tests.

Confirmation of fungus
For fungal confirmation from the sample media that had grown in EMB media by
inhibiting the bacteria, we separately collected the fungal colonies from EMB media
and transferred them to separate fungal media petri plates for culture.
After separately growing fungi, we separately identified them through morphological
and biochemical tests.
For each fungal colony identification, first, morphological identification of the specimen
was performed using clean sterile glass slides, cotton blue lactophenol, wire loop,
sterile coverslips and fluorescence microscopy. A sterile wire loop was used for
gathering and placing a loop full of lactophenol cotton blue. The wire loop was passed
over a flame and was used to collect colonies from microbial growth. The coverslip was
then placed over the blade and afterward inspected for imagery under X40
amplification [33, 34].
The approach for representative colonies was implemented according to their physical
characteristics (shape, size, and color of the colony; the shape of cells). Again,
Penicillium insulate was cultivated with a liter of KH2PO41 g, ammonium tartrate 0.5 g,
MgSO47H2O 0.01 g, CaCl22H2O 0.01 g, and yeast extract 0.001 g, CuSO45H2O 0.001 g,
Fe2(SO4)3 0.001 g, and MnSO4 0.001 g, and was incubated in the dark at 25 °C for 5 days
to carry out the testing for biochemical activities. After that time, the agar disks with
active fungus (6 mm indicator) were placed in solid media, which contains several
substrates to detect beta-glucosidase, cellulase, laccases and tyrosinase [35-38].
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Confirmation of bacteria
Inferential test
Differential media for the isolation of coliforms was MacConkey broth purple. Three
broth tube series – the first series having 3 double strength broth tubes and the
following two series comprising 6 single strength broth tubes – were infected with 10.0
ml, 1.0 ml and 0.1 ml of water (ratio 3:3:3).

Verification test
Eosin methylene blue (EMB) agar plates were infected with a sputhe in each positive
presumptive broth tube throughout the agar surface to remove falsifying substances
from non-coliform organisms. At 37 °C for 24 h, plates were incubated.

Accomplished test
Finally, MacConkey broth slants and nutrient agar tubes were inoculated with separate
colonies selected from plates of EMB from cultivated isolates. Following 24 h of
incubation at 37 °C, the cultivation of acid and gas was detected, and isolates were
cultivated on agar slants with gram staining dye [39-41]. The multiple tube
fermentation (MTF) method for coliform detection is illustrated in this simple diagram
Figure 1.

Figure 1. A simple illustration of the MTF technique for coliform identification.
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Biochemical test
We used twelve common biochemical tests, including indole, methyl red, vogesproskauer, citrate, catalase, starch hydrolysis, gelatin liquefaction, mannitol, glucose,
sucrose, lactose and inositol for bacteria identification.

Statistical analysis
There were three replicates in all experiments, and they were each conducted three
times. The data are presented as the mean ± standard deviation of the three replicates.
Differences among groups were evaluated by ANOVA using the Statistical Analysis
Software (SAS) version 9.2 (SAS Inc., Cary, USA).

RESULTS
Combine observation of pH and colony
Before autoclaving the EMB media, we found a neutral pH value of this media of
approximately 7.1. There were no bacterial or fungal colonies in the A, B and C petri
plates.
After 24 h, we did not find any bacterial or fungal colonies in each petri plate. At that
time, we measured the pH of each medium and showed that the pH value decreased
compared with that before transferring the sample time. The pH values were 6.87, 7.01
and 6.61 for soil sample-A, washroom sample-B and canal sample-C, respectively.
However, after 48 h, we found fungal colonies on every medium plate at approximately
20+, 10, and 20+ from soil sample-A, washroom sample-B and canal sample-C (Figure
2). The colonies produced like dark spot into the agar. Then, again, we measured the
pH value of these media containing fungal strains and found values of approximately
6.63, 6.52, and 6.33. We noticed that these pH values gradually decreased over time
(Table 1).

Table 1. pH value and colony number of sample A, B, and C.
Sample title

pH
Before autoclave

After 24 h

Number of colonies
After 48 h

Before autoclave

After 24 h

After 48 h

Comment

Soil
sample (A)

7.1

6.87

6.63

0

0

20+

pH value reducing from time
to time and Fungal colony
increasing

Washroom
sample (B)

7.1

6.97

6.52

0

0

10

pH value reducing from time
to time and Fungal colony
increasing

Canal
sample (C)

7.1

6.61

6.33

0

0

20+

pH value reducing from time
to time and Fungal colony
increasing

Individual observation of pH and colony
After culturing the Gram-negative E. coli bacteria and fungi separately to confirm
growth on that medium, we noticed that fungi took less time than bacteria (Figure 2).
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Before transferring the bacteria and fungi to the media, the pH value was 7.1, and there
were no colonies on either medium.
After 24 h of incubation, the pH value was 7.1 in bacterial EMB media and 6.81 in
fungal EMB media. Bacterial or fungal colonies were missing on both petri plates. After
48 h of incubation, the pH value was 7.0 in bacterial EMB media and 6.42 in fungal
EMB media. Bacterial colonies were missing on bacterial EMB petri plates. However,
there was a fungal colony on the fungal EMB petri plate at that time. Then, after 72 h of
incubation, the pH value in bacterial EMB media was the same, and bacterial colonies
were found on the media. The fungal colonies on the fungal EMB petri plate increased
and differentiated, and the pH value was 6.40 (Table 2). pH value along with colony
numbers of soil sample, washroom sample and canal sample and pH value along with
colony numbers of E. coli, A. niger are depicted as column chart in Figure 3 (A-D).

Figure 2. Sample growth after 48 h of incubation soil sample-A (A); Washroom sample-B (B); canal water
sample-C (C); E. coli (non-spore forming, Gram-negative and rod shaped) bacteria after 72 h (D); A. niger (an
infectious agent commonly found on mucosal surface, gastrointestinal tract and human skin) fungi after 72 h
(E).

Table 2. pH and colony number of pure bacterial and fungal samples D and E.
pH
Sample
Title
Gram
negative
bacteria
(D)
Fungal
sample
(F)

Before
autoclave

7.1

7.1

After 24 h

7.1

6.81

Number of colonies
After 48 h

7.0

6.42

After 72 h

7.0

6.40

Before
autoclave

0

After 24 h

0

0

0
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After 48 h

0

12+

After 72 h

Comment

02

pH value remains
same, and colony
number increasing
from time to time.

15+

pH value reducing
from time to time and
fungal colony
increasing
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Figure 3. A) pH value of soil, washroom and canal samples. B) Colony numbers of soil, washroom and canal
samples. C) pH value of Gram-negative bacteria and fungal samples. D) Colony numbers of Gram-negative
bacteria and fungal samples. Different letters on bars indicate significant differences at p < 0.05.

Identification and confirmation of fungal isolates
Morphological and biochemical tests were used to describe the discovered fungal strain
that thrived on EMB medium as a native, even suppressing the original population. A
wet mount is a microbiological method that enables varied forms and cell and spore
development to be identified. This is most like initially white to yellow and then
turning black and morphological features for each strain are shown in Tables 3 and 4.
The identified biochemical enzymatic analysis of the fungal isolates was performed for
more authentic identification of fungal isolates (Table 4).

Table 3. Table of macroscopic characterization of identified fungi.
Macroscopic characterization

Identified isolates

Conidia seemed to be lighter, scarce green to parrot green, fluffy mycelium creamy white to dull white and exudates, to
reverse uncolored to yellowish and wrinkled mycelial development. There were lacking soluble pigments.

A. niger

Growth in the substrates of white wool colonies felt like hyphae, becoming black, conidia formation brown. A yellow
river pattern was the reverse of growth.

A. niger

The surface is thick cotton-like in texture; white on the surface becomes gray brown, frequently light white. Very fast
growth.

A. niger
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Table 4. Table of macroscopic characterization of identified fungi.
Morphological characterization

Identified isolates

Hyaline, grossly rugged and generally hefty walls are conidiophores apices become sub-phéric to spherical when young.
One or two conidial-bearing series may be available.
Sweet, hyaline, or tenderly brownish, conidiosphores are close to the apex. Sphere-like apples, although frequently very
tiny. There are two series of conidium-carrying cells (cells and phialides that sustain them). Grows from white to blackish
brown, typically colorless.
Stolons are hyaline to nodes that can exist near a spectrum. Short, brown and occasionally missing are rhizoids.
Sporangiosphores come from nodes on stolons alone or in small groups. They are dark, smooth, non-septate. Initially,
white, but subsequently black, sporangia are sparkling. When dehisceous, the columellae are light-brown in
shape of an umbrella. Sporangio-sphores are longitudinally striped, yellow to pale brown, round or oval.

A. niger

A. niger

A. niger

Table 5. Enzymatic activities of the identified molds isolates.
Item

Beta-glucosidase

Lypolytic activity

Laccase

Tyrosinase

Lignin
Modifying enzymes

Pectolytic activity

A. niger

Positive

Positive

Negative

Negative

Negative

Negative

Table 6. Biochemical characteristics of E. coli isolates.
Item

Test

Result

E. coli

Indole
Methyl red
Voges-Proskauer
Citrate
Catalase
Starch hydrolysis
Gelatin liquefaction
Mannitol
Glucose
Sucrose
Lactose
Inositol

+
+
+
+
+
+
+
-

Identification and confirmation of bacterial isolates
After the MTF technique, we found isolated bacteria were rod-shaped and Gramnegative. These strains are not motile, and we inferentially confirmed that is E. coli
strain.
Here, we discuss the importance and consequences of observed biochemical differences
about E. coli strain. Biotype I based on IMViC reaction patterns can be recognized as
isolated E. coli [42-44]. Furthermore, considering that the vast majority of wild-type
strains of E. coli cannot generate D-amylase for starch hydrolysis and that inositol may
only be fermented in < 10 percent of the commensal and pathogenic strains of E. coli [45,
46].
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DISCUSSION

Fungi have versatile habitats, as they can grow in various extreme places, including
deserts, deep seas, buildings, etc. [47-49]. It includes yeasts, mildews, molds, rusts,
smuts and mushrooms [50-52]. There are fungi such as slime molds and oomycetes, and
some fungi are free-living in soil or water along with others and form parasitic or
symbiotic associations with plants or animals [53-55]. Fungi cannot produce their own
food; they must acquire nutrients from the animals, plants, or others in which they live
[56-58]. However, most of the fungi do not grow in bacterial media except in some
molds [59]. Filamentous fungi are sometimes characterized as molds as an artificial
collection of a number of microfungal species with shared methods for existence [60].
They develop on the surface of objects, consume nutrients and energy sources that
readily absorb substances and generate spores as scatter and survival units [61, 62].
These spores are generated in enormous quantities and are widely distributed in many
settings. The spore germinates, and a tiny germ tube develops when suitable
circumstances are available; if favored conditions predominate, hyphae are formed [63].
A hypha is a tubular cell structure near the tip [64]. The hyphae create a mycelium by
their continual branching during growth. In the end, the hyphae form specialized
structures (conidiophores), and they spur and distribute spores. The hyphae are
responsible for the action of the fungus [65].
Selective and differential medium eosin methylene blue agar (EMB) is used to isolate
fecal coliforms. At low pH, the pH indicator dyes eosin Y and methylene blue combine
to create a dark purple precipitate, which inhibits the development of most Grampositive bacteria [66]. Sucrose and lactose are fermentable carbohydrate sources that
promote the development of fecal coliforms while also allowing them to be
distinguished [67].
Lactose or sucrose fermenters that are active will generate enough acid to make the
dark purple color complex. The growth of these organisms will be dark purple to black
in color [68]. A green metallic sheen is frequently produced by E. coli, a strong
fermenter [69]. Mucoid pink colonies are produced by slow or poor fermenters.
Colonies that are normally colored or colorless suggest that the organism does not
digest lactose or sucrose and is not a fecal coliform [70].
Although researchers believe that EMB media is only selective and allows the best
growth for Gram-negative coliform bacteria, we found that EMB media is more suitable
for A. niger than Gram-negative E. coli. Even A. niger takes a shorter time for their
growth than E. coli and inhibits growth in EMB media.
In our research, we observed that on each EMB plate containing our three samples, A.
niger grew well in EMB media by their morphological characteristics and took 48 h for
their growth. An average of 20+ A. niger colonies grew on sample plate, but there were
no bacterial colonies on that plate. Although we know that EMB media is a selective
medium that allows only Gram-negative bacteria, in this research, we did not find them
as they were retarded by fungal growth. To determine the reason for this retardation by
faster fungal growth than bacteria, we measured the pH value of media before and
after spreading out the sample. Then, we found that faster fungal growth inhibits
bacterial growth on these media by reducing the pH value through producing acid. To
confirm the growth time between Gram-negative bacteria and fungi on EMB media, we
found that fungi took approximately 48 h for their growth, but bacteria took almost 72
h.
To identify all these isolates of culture medium, morphological characteristics were
investigated. The morphological features of each isolate are detailed in Table 3 and 4.
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The fungal strain identifies the A. niger. Organic component concentrations and other
properties, such as pH, structure on the surface, etc. differ among materials, and the
essential conditions predicted for moisture vary as well. For further confirmation, we
performed various types of enzymatic activity tests in our lab. We described in Table 5
the found data and confirmed that this fungal isolate was mold A. niger.
Alongside the bacterial strain also characterized for more confirmation through the
morphological test and the biochemical test is it E. coli strain (Table 6).

CONCLUSION
Fungi especially mold A. niger are eukaryotic organisms with versatile characteristics.
Normally, researchers believe that fungi do not grow in bacterial media. However, in
our study, we found that some molds, especially A. niger, grew faster in bacterial EMB
media than Gram-negative coliform E. coli bacteria. Even after growing the mold A.
niger on bacterial selective EMB media, it deterred the E. coli bacteria on EMB media by
reducing the pH of the media.

ACKNOWLEDGMENTS
The authors would like to thank the Department of Biotechnology and Genetic
Engineering, Bangabandhu Sheikh Mujibur Rahman Science and Technology
University, Gopalganj, Bangladesh, for providing the research facilities. This work was
supported by the Ministry of Science and Technology Research Grant (Special
allocation, 2020-2021).

AUTHOR CONTRIBUTIONS
MIH and MSA designed and performed the experiments, analyzed and interpreted the
data, and prepared the manuscript.

CONFLICTS OF INTEREST
There is no conflict of interest among the authors.

REFERENCES
[1]
[2]
[3]

[4]
[5]
[6]
[7]
[8]

Moore R, RT M. Taxonomic proposals for the classification of marine yeasts and other yeast-like fungi
including the smuts. 1980.
Hawksworth DL. The magnitude of fungal diversity: the 1· 5 million species estimate revisited. Mycological
research. 2001;105:1422-32.
Vaupotic T, Veranic P, Jenoe P, Plemenitas A. Mitochondrial mediation of environmental osmolytes
discrimination during osmoadaptation in the extremely halotolerant black yeast Hortaea werneckii. Fungal
Genetics and Biology. 2008;45:994-1007.
Raghukumar C, Raghukumar S. Barotolerance of fungi isolated from deep-sea sediments of the Indian Ocean.
Aquatic Microbial Ecology. 1998;15:153-63.
Dadachova E, Bryan RA, Huang X, Moadel T, Schweitzer AD, Aisen P, et al. Ionizing radiation changes the
electronic properties of melanin and enhances the growth of melanized fungi. PloS one. 2007;2:e457.
Basu S, Bose C, Ojha N, Das N, Das J, Pal M. Khurana. S Evolution of bacterial and fungal growth media
Bioinformation, Puducherry. 2015;11:182-4.
Merino N, Aronson HS, Bojanova DP, Feyhl-Buska J, Wong ML, Zhang S, et al. Living at the Extremes:
Extremophiles and the Limits of Life in a Planetary Context. Frontiers in Microbiology. 2019;10.
Mannalamkunnath Alikunhi N, Batang ZB, Aljehdali H, Aziz MA, Al-Suwailem AM. Culture dependent
bacteria in commercial fishes: Qualitative assessment and molecular identification using 16S rRNA gene
sequencing. 2016.

www.bsmiab.org/jabet

Hossain and Ali, J Adv Biotechnol Exp Ther. 2022 Jan; 5(1): 229-240

238

[9]
[10]

[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]
[37]
[38]
[39]
[40]
[41]

Adesanwo V, Adejuwon A, Bamkefa B, Umezurike E, Oluwole M, Odeleye O. Characterization of
Staphylococcus aureus Isolated from Selected Individuals in Lead City University, Ibadan, Nigeria.
Garbaj AM, Awad EM, Azwai SM, Abolghait SK, Naas HT, Moawad AA, et al. Enterohemorrhagic Escherichia
coli O157 in milk and dairy products from Libya: Isolation and molecular identification by partial sequencing
of 16S rDNA. Veterinary world. 2016;9:1184.
Munson EL, Troy DR, Weber JK, Messer SA, Pfaller MA. Presumptive identification of Candida kefyr on levine
formulation of eosin methylene blue agar. Journal of clinical microbiology. 2002;40:4281-4.
Moon HJ, Yoon YR. Investigation of physical characteristics of houses and occupants’ behavioural factors for
mould infestation in residential buildings. Indoor and Built Environment. 2010;19:57-64.
Khawaja F, Shah ZU, Nadeem M. Extraction and characterization of fungal chitosan and voriconazole loaded
chitosan antifungal nanoformulations. 2021.
Posada R, Franco L, Ramos C, Plazas L, Suárez J, Álvarez F. Effect of physical, chemical and environmental
characteristics on arbuscular mycorrhizal fungi in Brachiaria decumbens (Stapf) pastures. Journal of applied
microbiology. 2008;104:132-40.
Setareh M, Javaherdashti R. Evaluation of sessile microorganisms in pipelines and cooling towers of some
Iranian industries. Journal of materials engineering and performance. 2006;15:5-8.
Kumar M, Verma RK. Fungi diversity, their effects on building materials, occupants and control–a brief review.
2010.
Crous P, Verkley G, Groenewald J, Samson R. Fungal biodiversity. CBS laboratory manual series 1.
Centraalbureau voor Schimmelcultures, Utrecht. 2009.
Stanley H, Onwukwe C, Peesor S. Assessment of microalgae-influenced biodeterioration of concrete structures.
Nigerian Journal of Biotechnology. 2017;34:19-23.
Santo Domingo JW, Revetta RP, Iker B, Gomez-Alvarez V, Garcia J, Sullivan J, et al. Molecular survey of
concrete sewer biofilm microbial communities. Biofouling. 2011;27:993-1001.
Ritschkoff A-C, Viitanen H, Koskela K. The response of building materials to the mould exposure at different
humidity and temperature conditions. Healthy Buildings 20002000. p. 317-22.
Žifčáková L, Větrovský T, Howe A, Baldrian P. Microbial activity in forest soil reflects the changes in
ecosystem properties between summer and winter. Environmental microbiology. 2016;18:288-301.
Baldrian P. Interactions of heavy metals with white-rot fungi. Enzyme and Microbial technology. 2003;32:78-91.
López-Bucio J, Pelagio-Flores R, Herrera-Estrella A. Trichoderma as biostimulant: exploiting the multilevel
properties of a plant beneficial fungus. Scientia horticulturae. 2015;196:109-23.
Rouphael Y, Franken P, Schneider C, Schwarz D, Giovannetti M, Agnolucci M, et al. Arbuscular mycorrhizal
fungi act as biostimulants in horticultural crops. Scientia Horticulturae. 2015;196:91-108.
Hannula SE, Morriën E, de Hollander M, Van Der Putten WH, van Veen JA, De Boer W. Shifts in rhizosphere
fungal community during secondary succession following abandonment from agriculture. The ISME journal.
2017;11:2294-304.
Jayne B, Quigley M. Influence of arbuscular mycorrhiza on growth and reproductive response of plants under
water deficit: a meta-analysis. Mycorrhiza. 2014;24:109-19.
Baum C, El-Tohamy W, Gruda N. Increasing the productivity and product quality of vegetable crops using
arbuscular mycorrhizal fungi: a review. Scientia horticulturae. 2015;187:131-41.
El_Komy MH, Saleh AA, Eranthodi A, Molan YY. Characterization of novel Trichoderma asperellum isolates to
select effective biocontrol agents against tomato Fusarium wilt. The Plant Pathology Journal. 2015;31:50.
Anderson K, Smith A, Gustafsson B, Spahr S, Whitmore H. Diagnosis and treatment of acute mastitis in a large
dairy herd. Journal of the American Veterinary Medical Association. 1982;181:690-3.
Leininger DJ, Roberson JR, Elvinger F. Use of eosin methylene blue agar to differentiate Escherichia coli from
other gram-negative mastitis pathogens. Journal of veterinary diagnostic investigation. 2001;13:273-5.
Baynes RE, Lyman R, Anderson K, Brownie C. A preliminary survey of antibiotic residues and viable bacteria
in milk from three Caribbean basin countries. Journal of food protection. 1999;62:177-80.
Contreras A, Corrales J, Sanchez A, Sierra D. Persistence of subclinical intrammary pathogens in goats
throughout lactation. Journal of Dairy Science. 1997;80:2815-9.
Harrison JA, Harrison MA, Rose RA. Survival of Escherichia coli O157: H7 in ground beef jerky assessed on
two plating media. Journal of food protection. 1998;61:11-3.
Huang SW, Chang CH, Tai TF, Chang TC. Comparison of the β-glucuronidase assay and the conventional
method for identification of Escherichia coli on eosin-methylene blue agar. Journal of food protection. 1997;60:69.
Mac Faddin JF. Media for isolation-cultivation-identification-maintenance of medical bacteria: Williams &
Wilkins; 1985.
Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH, Morgan DR. Manual of Clinical Microbiology (6th
edn). Trends in microbiology. 1995;3:449-.
Schalm O, Carroll E, Jain N. Milk formation, composition and alteration in mastitis. Bovine mastitis Ed Lea &
Febiger Philadelphia. 1971:72-93.
Silk TM, Ryser ET, Donnelly CW. Comparison of methods for determining coliform and Escherichia coli levels
in apple cider. Journal of food protection. 1997;60:1302-5.
Smith K, Todhunter D, Schoenberger P. Symposium: Environmental effects on cow health and performance. J
Dairy Sci. 1985;68:1531-53.
Iritani B, Inzana TJ. Evaluation of a rapid tube assay for presumptive identification of Escherichia coli from
veterinary specimens. Journal of clinical microbiology. 1988;26:564-6.
Winder R, Shamoun S. Forest pathogens: friend or foe to biodiversity? Canadian Journal of Plant Pathology.
2006;28:S221-S7.

www.bsmiab.org/jabet

Hossain and Ali, J Adv Biotechnol Exp Ther. 2022 Jan; 5(1): 229-240

239

[42] Wolinska A, Frąc M, Oszust K, Szafranek-Nakonieczna A, Zielenkiewicz U, Stępniewska Z. Microbial
biodiversity of meadows under different modes of land use: catabolic and genetic fingerprinting. World
Journal of Microbiology and Biotechnology. 2017;33:1-15.
[43] Yang T, Adams JM, Shi Y, He Js, Jing X, Chen L, et al. Soil fungal diversity in natural grasslands of the Tibetan
Plateau: associations with plant diversity and productivity. New Phytologist. 2017;215:756-65.
[44] Zhou J, Jiang X, Zhou B, Zhao B, Ma M, Guan D, et al. Thirty four years of nitrogen fertilization decreases
fungal diversity and alters fungal community composition in black soil in northeast China. Soil Biology and
Biochemistry. 2016;95:135-43.
[45] Gu J-D, Eberiel D, McCarthy SP, Gross RA. Degradation and mineralization of cellulose acetate in simulated
thermophilic compost environments. Journal of environmental polymer degradation. 1993;1:281-91.
[46] Hyvärinen A, Meklin T, Vepsäläinen A, Nevalainen A. Fungi and actinobacteria in moisture-damaged
building materials—concentrations and diversity. International Biodeterioration & Biodegradation. 2002;49:2737.
[47] Ishigaki T, Sugano W, Ike M, Fujita M. Enzymatic degradation of cellulose acetate plastic by novel degrading
bacterium Bacillus sp. S2055. Journal of bioscience and bioengineering. 2000;90:400-5.
[48] de Vries RP, Visser J. Aspergillus enzymes involved in degradation of plant cell wall polysaccharides.
Microbiology and molecular biology reviews. 2001;65:497-522.
[49] Jin H, Lee N-K, Shin M-K, Kim S-K, Kaplan DL, Lee J-W. Production of gellan gum by Sphingomonas
paucimobilis NK2000 with soybean pomace. Biochemical engineering journal. 2003;16:357-60.
[50] Klich M. Identification of common Aspergillus species. United States Department of Agriculture. Agricultural
Research Service, Southern Regional Research Center, New Orleans, LA. 2001.
[51] Kloos WE, Schleifer KH. Isolation and characterization of staphylococci from human skin II. descriptions of four
new species: Staphylococcus warneri, Staphylococcus capitis, Staphylococcus hominis, and Staphylococcus simulans1.
International Journal of Systematic and Evolutionary Microbiology. 1975;25:62-79.
[52] Kloos W, Schleifer K, Gotz F. The genus Staphylococcus: The Prokaryotes. Springer, Berlin Heidelberg New
York; 1992.
[53] Abrusci C, Marquina D, Del Amo A, Catalina F. Biodegradation of cinematographic gelatin emulsion by
bacteria and filamentous fungi using indirect impedance technique. International biodeterioration &
biodegradation. 2007;60:137-43.
[54] Abrusci C, Martın-González A, Del Amo A, Catalina F, Bosch P, Corrales T. Chemiluminescence study of
commercial type-B gelatines. Journal of Photochemistry and photobiology A: Chemistry. 2004;163:537-46.
[55] Abrusci C, Martın-González A, Del Amo A, Corrales T, Catalina F. Biodegradation of type-B gelatine by
bacteria isolated from cinematographic films. A viscometric study. Polymer degradation and stability.
2004;86:283-91.
[56] Aksenov S, Babyeva I, Golubev V. On the mechanism of adaptation of micro-organisms to conditions of
extreme low humidity. Life sciences and space research. 1973;11:55-61.
[57] Azeredo J, Oliveira R. The role of exopolymers in the attachment of Sphingomonas paucimobilis. Biofouling.
2000;16:59-67.
[58] Lowes K, Shearman C, Payne J, MacKenzie D, Archer D, Merry R, et al. Prevention of yeast spoilage in feed
and food by the yeast mycocin HMK. Applied and environmental microbiology. 2000;66:1066-76.
[59] Bills GF, Platas G, Peláez F, Masurekar P. Reclassification of a pneumocandin-producing anamorph, Glarea
lozoyensis gen. et sp. nov., previously identified as Zalerion arboricola. Mycological Research. 1999;103:179-92.
[60] El Nemr A, Ragab S, El Sikaily A, Khaled A. Synthesis of cellulose triacetate from cotton cellulose by using NIS
as a catalyst under mild reaction conditions. Carbohydrate polymers. 2015;130:41-8.
[61] Sneath PH, Mair NS, Sharpe ME, Holt JG. Bergey's manual of systematic bacteriology. Volume 2: Williams &
Wilkins; 1986.
[62] Domsch KH, Gams W, Anderson T-H. Compendium of soil fungi. Volume 1: Academic Press (London) Ltd.;
1980.
[63] Florian M-L, Manning L. SEM analysis of irregular fungal fox spots in an 1854 book: population dynamics and
species identification. International biodeterioration & biodegradation. 2000;46:205-20.
[64] Gόrny RL, Dutkiewicz J. Bacterial and fungal aerosols in indoor environment in Central and Eastern European
countries. Ann Agric Environ Med. 2002;9:17-23.
[65] Opela V. Fungal and bacterial attack on motion picture film. FIAF, Joint Technical Symposium, Session1992. p.
139-44.
[66] Seves A, Romanò M, Maifreni T, Sora S, Ciferri O. The microbial degradation of silk: a laboratory investigation.
International biodeterioration & biodegradation. 1998;42:203-11.
[67] Sneath PH. Endospore-forming Gram-positive rods and cocci. Bergey's manual of systematic bacteriology.
1986;2:1104-207.
[68] Stickley F. The biodegradation of gelatin and its problems in the photographic industry. The Journal of
Photographic Science. 1986;34:111-2.
[69] Wade W, Beuchat L. Metabiosis of proteolytic moulds and Salmonella in raw, ripe tomatoes. Journal of applied
microbiology. 2003;95:437-50.
[70] Yamamura S, Morita Y, Hasan Q, Rao SR, Murakami Y, Yokoyama K, et al. Characterization of a new keratindegrading bacterium isolated from deer fur. Journal of Bioscience and Bioengineering. 2002;93:595-600.

www.bsmiab.org/jabet

Hossain and Ali, J Adv Biotechnol Exp Ther. 2022 Jan; 5(1): 229-240

240

