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Abstract

The current research involved the identification and diagnosis of contaminated fungi found in
rice grains collected from various local markets in Hilla city, located in the Babylon Governorate
of Irag. A total of 121 fungal isolates were obtained from 90 rice grain samples and identified
based on their cultural and morphological characteristics. Among the isolates, 31 were
identified as Aspergillus niger, accounting for 25.61% of the total isolates and appearing in
34.44% of the samples. Aspergillus flavus comprised 12 isolates, representing 9.91% of the total
isolates and appearing in 13.33% of the samples. A total of 7 isolates of A.terrus were identified,
making up 5.78% of the isolates, while 11 isolates of Alternaria spp. accounted for 9.09% of the

isolates.
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1. Introduction

Rice, Oryza sativa L., is an important summer grain crop
in the world It is the third after wheat and barley and is
grown in the countries of Asia, America, Australia,
Africa and Europe, as it belongs to the Poaceae family
and is the main food for more than half of the world's
population. Its seeds contain starch, protein, fat, iron,
calcium, phosphorus and vitamins (1).

Rice is the seed of the grass species Oryza sativa, it is a
monocotyledonous angiosperm. The genus Oryza
contains more than twenty species, only two of which
are referred to as cultivated rice: O. sativa, cultivated in
South-east Asian countries and Japan, and O.
glaberrima cultivated in West Africa (2). The rice is the
agricultural  commodity with the third-highest
worldwide production in 2016 (741.5 million tones ),
after sugarcane (1.9 billion tones) and maize (1.0 billion
tones). In order to meet the requirements of a growing
world population, worldwide production and yield of
cereals has been increased for the last 50 years (3).
The rice crop faces many problems during harvesting,
storage and after harvest, and the most prominent of
these problems are fungal infections, as the Aspergillus
fungus is at the forefront of fungi that attack rice grains
due to its ability to grow and produce spores when the
crop is exposed to moisture and heat (4).

Rice is typically cultivated in favorable climatic
conditions that promote fungal infection 5)

In Babylon Province corn seeds were found to be
associated with various fungi such as Penicillium
spp., Aspergillus spp., Rhizopus spp., Alternaria
spp., Fusarium spp., Rhizoctonia spp., and Mucor
spp. Among these fungi, Aspergillus spp. had the
highest occurrence (55%) according to a study by (6).
The current research involved the identification and
diagnosis of contaminated fungi found in rice grains
collected from various local markets in Hilla city,
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located in the Babylon Governorate of Iraqg.

2. Materials and Methods

Collection of samples

Ninty of rice samples of several kinds and trade
marks were collected randomly (approximately 1kg
for each sample) in the period from Oct to Dec 2022,
from the local markets (Iraqgi rice samples and
imported rice samples).

Isolation fungal contamination

To isolate the Aspergillus spp. (stored medicinal plants
seeds) seed were taken randomly from each of the
collected samples. It was sterilized using 2% sodium
chloride for 2 minutes and then washed with sterile
distilled water twice to remove traces of sterile material
and dried with sterile filter paper. The seeds were
transferred with sterile forceps to 9 cm petri dishes
containing 20 ml of pre-prepared PDA (chloramphincol)
(250 mg / |) to prevent bacterial growth (7) by 5 tablets
per dish and three replicates per sample and then
incubated in 25 c for 5-7 days as they appear. The fungi
associated with the seeds were then purified by
secondary forms for identification ( 7).

Fungal isolates were kept in clean, sterile glass
containers containing the center of PDA and
incubated at 25 °C for 7 days and then placed in the
refrigerator at 4°C until it was used isolated fungi
were then diagnosed based on the taxonomic keys
of both Nelson et al.(1983)(8) and Seifert( 1996) (9).
Identification and characterization of fungi:

1-  Morphological examination including colony
morphology, colony appearance was studied in terms
of shape, color, texture and their margin on PDA(10) .
2- Microscopic examination was carried out to
identify the hypha, septale, conidiophores, spores,
basidia and cystidia as described by Odhiambo et
al., (2013) (11).
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3- Molecular detection of A.niger by using Genomic
DNA extraction kit (Favrogen) from Aspergillus spp and
the set of primer used for moleculer detection were
ITS5: GGAAGTAAAAGTCGTAACAAGG ITS4:
TCCTCCGCTTATTGATATGC at 600bp White et
al.,1990

In this study, sequencing analysis was conducted on
PCR products of 40 Aspergillus isolates. For each
isolate, the 20 pl PCR product generated from
AFUSS primer was directly sequenced by Macrogen
Laboratory in Korea. The resulting sequencing data
for each isolate were compared to the NCBI Blast
nucleotide database to identify the fungal species.
The 40 isolates of Aspergillus species in this study
were analyzed to construct a phylogenetic tree using
Mega 6 software program, based on the sequences
data amplified by AFUSS primer. The unweighted
pair group method with arithmetic mean (UPGMA)
tree type was used for the analysis.

3. Results and discussion

In current study the culture of rice samples showed
many types of fungi were 31 isolates of Aspergillus
niger species, which accounts for 25.61% of the total
isolates and has an appearance frequency of 34.44%.
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There were 12 isolates of Aspergillus flavus species,
representing 9.91% of the total isolates with an
appearance frequency of 13.33%.

The results in table (4-2). Show there was 1 Aspergillus
fumigatus isolate as well as 1 isolate Bipolarus
accounting for 0.82% of the total isolates with an
appearance frequency of 1.11%. There were 7 isolates
of Aspergillus terrus, representing 5.78% of the total
isolates with an appearance frequency of 7.77%.
Alternaria species 11 isolates of, accounting for 9.09%
of the total isolates with an appearance frequency of
12.22%. There are 23 isolates of Cladosporium
species, accounting for 19.01% of the total isolates
with an appearance frequency of 25.55% and 2
isolates of Curvularia species, representing 1.65% of
the total isolates with an appearance frequency of
2.22 while White sterile Mycelium were 10 isolates,
accounting for 8.26% Penicillium spp. 12 isolates
which representing 9.91%3 isolates of Rhizopus,
accounting for 2.47% of the total isolates with an
appearance frequency of 3.33%.

There was 1 isolate of Scopulariopsis, representing
0.82% of the total isolates with an appearance
frequency of 1.11% and 7 isolates of yeast species,
accounting for 5.78% of the total isolates with an
appearance frequency of 7.77%

Type of rice  |origin| Location of collect | production date type of fungi
- - ; - F
Abu Dahab indian| Hilla Center market 2022 Curvularia ,Cladospc.>r.|u.m Whitesterile mycelium,
penicillium,yeast
A.niger, Al ia, Whi il lium,A.fl
Abu Araba - gold |Indian| Hilla Centermarket 2022 niger, Aternaria, |te’ster| © mycelium,A-flavus,
Acterrus, Rhizopus,yeast
golden hawk |Indian| Hilla Centermarket 2022 Alternaria A.niger
Aterrus, Alternaria, penicillium
Falcon (Rose Sila) [Indian| Hilla Cente rmarket 2022 A.niger,A.flavusCladosporium,
Rhizopus,Penicillium,Yeast, White sterile mycelium
A.niger, Penicillium ,A.flavus, Rhizopus,
Thai basmati rice Hilla Cente rmarket 2022 Curvularia,A.terrus, Cladosporium , Alternaria,
White sterile mycelium, Yeast
Ailberdeanifne | N Sl el 2022 A.niger, Alternaria, Wh|t<‘a sterile mycelium,
Cladosporium,
H t i
Amber Jasmine | Iragi ones. promise 2022 Alternaria,Cladosporium, yeast
grinder
Amber Jasmine | Iragi | Maryam's grinder 2022 Alternaria, Scopulariopsis, A.niger,A.flavus
A.niger, Clad ium, t,Afl ,
Amber Jasmine | Iragi | Al-Hassan grinder 2022 r.n.ge.r ° c')sporlum. .ygas avus.
penicillium,A.niger Penicillium,Alternaria
Amber Jasmine | Iragi | Kawthar grinder 2022 A.niger
Amber Jasmine | Iragi Jewel grinder 2022 A.niger
Amber Jasmine | Iragi Duha grinder 2022 Alternaria,A.terrus, Cladosporium
H t i
green amber | Iragi ones. promise 2022 A.niger,
grinder
green amber | Iragi | Al-Hassan grinder 2022 Alternaria , Penicillium
green amber | Iragi | fulfillment grinder 2022 A flavus , white sterile mycelium
Ki f
green amber | Iragi e c,) amber 2022 A.niger, White sterile mycelium ,penicillium
grinder
Th t
green amber | Iraqi © apparen 2022 Bipolarus , Cladosporium
grinder
green amber | Iraqi Jewel grinder 2022 Penicillium
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No. Fungi No. of isolates Percentage of frequency Percentage of appearance
1 A. niger spp. 31 25.61 % 34.44
2 A.flavus spp. 12 9.91 % 13.33
3 A.fumigatus 1 0.82 % 1.11
4 A.terrus 7 5.78 % 7.77
5 Alternaria spp. 11 9.09 % 12.22
6 Bipolarus 1 0.82 % 1.11
7 Cladosporium spp. 23 19.01 % 25.55
8 Curvularia spp. 2 1.65 % 2.22
9 White sterile mycelium 10 8.26 % 11.11
10 Penicillium spp. 12 9.91 % 1333
11 Rhizopus 3 2.47 % 333
12 Scopulariopsis 1 0.82 % 1.11
13 Yeast spp. 7 5.78 % 7.77

Total 121 100 %

The results show the fungus Aspergillus spp came as
a first contaminat of rice grains, followed by the.
Cladosporium spp and the Penicillium spp. came at
the third rank as showed in table (2).

With many studies These results coincide in terms of
the fact that the fungal species that are included in
this study are in the fungi of typical stores that have
been monitored in different countries of the world
(12). The samples yielded 19 isolates in 9 species: A.
tubingensis, A. fumigatus, A. niger, T. radicus, T.
purpureogenum, T. pinophilus, T. islandicus, P.
citrinum, and P. .chermesinum, the genus Aspergillus
(80%) was the most common in this refrenses (13) .
(14) indicated that regions between latitudes 26°-35°
north and south support the thriving of Aspergillus
spp., which includes Irag known for its hot and warm
climate. The growth of Aspergillus spp. is favored by
cereals rich .

In Babylon Province corn seeds were found to be
associated with various fungi such as Penicillium
spp., Aspergillus spp., Rhizopus spp., Alternaria
spp., Fusarium spp., Rhizoctonia spp., and Mucor
spp. Among these fungi, Aspergillus spp. had the
highest occurrence (55%) according to a study by (6).
(15) revealed that Aspergillus and Penicillium were
the most common fungi found in cereal grain
samples (maize and wheat) and peanuts collected
from central Delta province in Egypt.

Rice is not as frequently reported to have mycotoxin
contamination compared to another cerealicrops (16).
In the study conducted, the main genera of fungi found
polluting rice be present Trichoderma, Curvularia,
Fusarium,  Penicillium,  Rhizopus,  Cladosporium,
Aspergillus, Mucor, Helminthosporium, and Alternaria.
Other fungal species identified included Arthrinium,
Geotrichum Syncephalastrum,, , Rhodotorula Bipolaris,
Cryptococcus, Gilocladium and Nocardia. The most
common fungi species contaminating rice in Niger
State were A. niger, Alternaria spp., Penicillium spp.,
Rhizopus spp., A. parasiticus, Mucor spp., and A.
flavus, fungi Aspergillus spp, and Penicillium. Remain
linked to rice grains and what helps its growth and
developmentis the availability of appropriate

conditions for its growth like availability of storage
temperature, moisture and the rate of exposure to
insects before and during storage (17). Reported by
(18), the most frequently identified fungal genera in
cereal fields were Aspergillus and Penicillium. These
fungi, along with Rhizopus, were found to thrive.
Colleagues and Trung (2001) reported that Aspergillus
sp. accounted for 43.8%, Penicllium sp. for 10.9%,
Fusarium sp. for 21.9%, and other fungi for 23.4%.
During periods of drought and insect harm, these
events can occur when situations are stored in fields
found in sub-tropical and tropical regions (19).

Some references indicate an increasingly widespread
presence of fungi that have the ability to produce
mycotoxins in hot and dry areas (20).The research
pinpointed a variety of mycotoxins, such as
ochratoxins, aflatoxins, along with over twelve other
toxins generated by species of Aspergillus (21). Rice
samples collected from local and non-local markets in
lraq as well as other countries were compared
regarding fungal isolation. It was found that rice
samples from Iraqi markets contained a higher level of
fungi compared to non-local samples. Under specific
conditions, fungi can grow on rice grains, and some
strains are capable of secreting mycotoxins. This poses
a high risk to the population due to the associated
health effects, including liver cancer (6).

The growth of these fungi can be influenced by
factors such as the product’s moisture content (22),
temperature, duration of storage, and the level of
fungal contamination before storage. Insect and mite
activity can assist in spreading the fungi (23).
Diagnosis of Aspergillus Spp

1- Morphological Characterizes of Aspergillus niger
isolates

Of the 51 Aspergillus spp. isolates, 31 were
identified as A. niger, which typically exhibit a
cottony appearance, initially white to yellow, and
eventually turning black. Their structure is made up
of felt-like conidiophores, and the reverse is white to
yellow. In microscopy, the conidial heads are radiate
with biseriate conidiogenous cells.

Upon microscopic observation of A. niger, it was
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noted that the fungus possesses smooth-colored
conidiophores and conidia. The conidiophores are
projections arising from hyaline hyphae. The conidial
heads exhibit a radial arrangement and are arranged
in columns (biseriate). The conidiophore vesicle
produces sterile cells called metulae, which support
the phialides on the conidiophores. The phialides, in
turn, produce conidia with a rough texture. Are dark
brown colored .

Numerous taxonomists have investigated the
taxonomy of Aspergillus section Nigri. and was
recently reviewed by (23).

In recent years, there have been a reported the
contamination of rice with mycotoxins such as AFs
and fumonisins, especially with AFs in certain areas
of China, Filamentous fungi (often described as
molds in this context) and mycotoxins have become
the most frequently measured food and feed
contaminants at the global level, with the prevalence
of fungal invasion still increasing as a reflection of
global climate change. Of particular concern is the
fungal and mycotoxin contamination of staple foods,
such as grains including rice, which is the major
dietary product in the Asia-Pacific region. Hence, the
present study focused of fungal contamination and
the presence of mycotoxins in commercial samples
of rice taken at random from supermarkets in
Bangkok, Thailand. The results showed that
Aspergillus, Talaromyces, and Penicillium were the
three dominant fungal genera found in the
commercial rice samples (25).

In study done by Seavchou et al. (2023)(26) the
marketed rice, samples showed a high prevalence

T Y e gy e e gy

of Aspergillus, Penicillium, and Talaromyces, but no
occurrences of Cladosporium and Alternaria. A.
niger (eight isolates) was the most prominent species
and our results supported other findings (27). Some
studies have number of reports from various
countries on the occurrence of fungal contamination
in rice with high levels of aflatoxin )28).

2- Molecular Identification of Aspergillus Niger Group.

A 31 pure cultures of Aspergillus niger group were
obtained by isolating 49 different strains. The initial
identification was performed using traditional
taxonomy, relying on the morphological features.
However, this method has limitations as it provides a
restricted number of distinguishing characteristics,
making the identification of closely related species
difficult. Fortunately, advancements in molecular
biology techniques have significantly enhanced
taxonomy by enabling highly sensitive and specific
genetic differentiation of species. To identify the
fungal strains, 24 isolates from the Aspergillus Niger
group underwent DNA extraction and the ITS region
of rDNA was selected as the barcoding region.

Identification of Aspergillus spp. group
based on PCR Methods

The results successfully identified (24) isolates of
Aspergillus niger group based on amplification
amplicone included [TS1-5.8S-ITS2 with flanking
primer region by primer pair: ITS5: and [TS4: All
isolates shown monomorphic Figure (1). These
results were consonant with results of Skladny (26).

I-i-ﬂ

Figure 1: Profile PCR product for amplification IST region with flanking primers, all strain (1-24) of Aspergillus niger
group shown 610 bp. M=molecular marker 100-3000bp.1.5% agarose TBE buffer, 100 volt 45 min.

The PCR products were shown clear bands of ITS1-
5.85-ITS2 and flanking regions of primer pair was
illustrated on the agarose gel. These products shown
bands were sent for sequencing. This sequence
results were identified based on NCBI search and
shown 24 different fungal species, most of them 18
species were A.niger, others four species were
A brasillensis and tubigensis, two for each.
Identification of Aspergillus Niger group

based on sequence method

A 24 isolates of Aspergillus Niger group were

identified, distributed among 20 isolates were A.
niger, 2 isolates were A.brasillensis and A.tubigensis
for each.
1. Multiple alignment sequence of 24 isolates of
A.niger

In order to comprehensive the identity and mutation
sites among all strains sequence charts under
interest, a multiple alignments of 24 isolates based
on Edit software was performed. The results shown
variation among A.niger strains and between other
species in figure (2).
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Figure 2: Multiple alignment of partial sequence of ITS region for 24 isolates of Aspergillus niger and closed related
species with reference strains with accession numbers.

The common mutations sites were oriented not
randomly, for example: the Adenine base was
subtitled by Guanine base at site 70. In addition,
Cytosin in site 123 and 558 respectively Figure (2)
substituted Thymine.

The isolates of A.niger:3-6, 8-9, 11, 13, 16-17, were
shown highly identity in their sequences. Also the
two isolates of A.brasillensis (7&21) were shown afar
evolution from others A.niger isolates. On the other
hand, the two isolates of A.tubingenesis were shown
trend similar to the A.niger isolate, this may
explained the closes relationship and microevolution
from A.niger isolates figure (2)

A mutation in the ITS region may have caused the
microevolution, which could be credited to the
divergent evolution such as the isolates 2,10 and 12
, these results consistent with (29).0On the other hand,
the sequences of ITS region other isolates of A.niger
showed a high percentage of similarity (>98%).This
attributed to convergent evolution, this consistent
with (30).

In this study, the DNA sequence of the ITS region
was utilized as a barcoding region to identify isolated
Aspergillus  Niger groups. This region s
characterized by its high level of conservation,
frequent  repetition, and  variation among
interspecific and intraspecific species. Often utilized
for DNA-centric mycological research at subgeneric
stages and species recognition, the nuclear
ribosomal repeat unit's internal transcribed spacer
(ITS) region is highly esteemed. The sequence of

words has been shuffled, ensuring that unchanged
terms are located at least four words apart, and
punctuation and referencing have been accurately
maintained (31)(32).

According to the findings of this research (Figure 2),
it is evident that the ITS region displays uneven
variability among different A.niger species.
Moreover, there seems to be no clear correlation
between this variation and the organized connection
or nutritionary way of these speciesi (33)..

2. Phylogeny tree

Many clades and sub clades of A.niger (A-E) ,
A.tubingensis (F) and A.brasillensis (G) with reference
strains were sprouted from construction phylogeny
tree for twenty-four sequences of local isolates of
A.niger group based on MEGA X software with
closes related A.niger , A.tubingensis and
A brasillensis reference strains figure (3)

The isolates of A.niger with
numbers:22,12,10,14,2,15 were clustered with
reference strains KXO55889.1 in separated clade A,
but the isolates 22 and 12 clustered in sub clade A1
while isolates 10 and 14 clustered in sub clade A2
and isolates 2 and 15 away from them figure (3).

On the same way, the isolates 3, 4, 11, 13 were
clustered in closes clade B, and clade C. figure (3).
The two isolates of A.tubingensis (clade F) and
A.brasillensis (clade G) were situating in separated
clade for each Figure (3). Many isolates of A.niger
were fare away from these clusters in separated lines.

2136



HIV Nursing 2023; 23(3): 2132-2138

Isolation and Identification of Aspergillus Niger Associated ...

Aspergilius niger KX05358893.1
Aspergillus niger 22 | cClade a1
Aspergilius niger 12
Aspergiiius niger 10
Aspergilius niger 14
Aspergilius niger 2
Aspergilius niger 135
Aspergilius tubingensis 19 |
Aspergiiius tubingensis 24
Aspergilius niger 13
Aspergilius niger 3
Aspergilius niger 11
Aspergilius niger 4
Aspergilius niger 1
Aspergilius niger 16
Aspergilius niger LCSTF107.1
Aspergiiius niger &
Aspergilius niger 5 |
Aspergilius niger 9
Aspergilius niger MTF33323.1
Aspergilius niger &
Aspergilius niger 17
Aspergilius niger 23
Aspergillus niger 20
Aspergillus brasillensis 21 |
Aspergilius brasillensis 7

Clade A
Clade A2

Clade F

Clade B

Clade C

Clade D

Clade E

Clade G

- Aspergilius flavues NB 1710411

Figure (3): Phylogeny tree for 24 isolates of Aspergillus niger and closed related species.

The closes isolates in each clades and sub clades of
Aspergillus Niger group were explained the highly or
low sequence identity (34)(35). That means highly
identity 98-100% situating in one clade while far
away due to low identity 96-97%. The deference in
clustering due to micro-evolutionary in some
isolates. These results were consistent with results of
(36). In addition, the mutation in ITS region may
cause this evolution (30).

In general, the evolutionary power are mutations,
recombination, gen flow, gen draft and hybridization
(37). Mentioned to the evolution acts on mutations
that naturally arise within the genome and are
shaped both by intrinsic genomic features and by the
cellular environment and he pointed to the role of
microevolution of C. albicans. In many cases the
environmental condition such as sun ray may cause
mutations this explanation was agree with , when
they pointed to the role of ecological interactions in
micro evolutionary(38).
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