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ABSTRACT 

The red flour beetle, Tribolium castaneum, is a common pest of stored wheat flour that can spread mycotoxin-producing 

fungi. This study investigated whether the beetle acts as a vector for these fungi in stored wheat flour from the Al Jouf 

region. Microbial flora was isolated from different life stages of T. castaneum and from the wheat flour itself. Then a 

combination of morphological, molecular, and phylogenetic methods was used to identify the species. Furthermore, 

mycotoxins were quantified and species were tested for antagonism between the microbes from the insects and the flour. 

A total of 354 isolates were collected: 142 from the insects and 212 from the flour. The insect isolates were dominated 

by the fungus Trichoderma harzianum (51.41%), followed by two bacterial species, Burkholderia gladioli (38.73%) and 

Bacillus amyloliquefaciens (9.86%). Meanwhile, the flour isolates included seven different fungal species, with 

Aspergillus flavus having the highest relative abundance (31.60%). Both fungal and bacterial species showed species’ 

overlap in their phylogenetic trees. Aflatoxin B-2 (9.56 ppb) and aflatoxin G-2 (0.85 ppb) exhibited the highest and least 

concentrations in the wheat flour, while, no aflatoxin was detected in the insect. Interestingly, the two bacterial species 

inhibited the growth of all fungal species, except for T. harzianum. The bacteria also showed a synergistic relationship 

with each other. These results suggest that T. castaneum is unlikely to serve as a biological host for toxin-producing 

fungi. Instead, we suggested that the insect role may be limited to the mechanical transmission of the fungi via 

contamination of their external bodies, movement, and dispersal of contaminants.  
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INTRODUCTION 

 It is well reported that 10-20% of the total 

storage damage are caused by insects (Esther et al., 

2014). Globally, out of more than 1000 insect species, 

600 coleopterans are destructive to stored products 

(Rajendran and Sriranjini, 2008). The red flour beetle, T. 

castaneum (Coleoptera: Tenebrionidae), remains a 

significant and well-documented pest due to its 

destructive feeding behavior (Badran et al., 2025). 

Additionally, the existence of adults, eggs, larvae and 

pupae of T. castaneum in stored food, especially, the 

flour reduces its commercial and food values (Gerken et 

al., 2023; Badran et al., 2025).  

 Mycotoxins, which are fungal secondary 

metabolites, can be toxic, repulsive, or allergenic to 

humans. Consumption, inhalation, or skin absorption of 

mycotoxins can result in both acute and chronic disorders 

(Williams et al., 2004; Benkerroum, 2020), posing 

persistent food safety risks (Alshannaq and Yu, 2017). 

The mycotoxin-producing fungi include a large number 

of species, such as Aspergillus spp. (Simpanya et al., 

2001). Recent research underscores the critical role of 

stored-product insects in spreading microbial 

contaminants and mycotoxins within cereal flour (Ponce 

et al., 2024). These insects act as vectors, disseminating 

fungal spores (e.g., Aspergillus and Penicillium spp.) 

both on their bodies and in their digestive tracts (Ponce et 

al., 2024). Furthermore, their feeding activities damage 

grains, increasing moisture and temperature, which 

creates favorable conditions for fungal growth and 

mycotoxin production (Sabra et al., 2016; Ponce et al., 

2024). Direct contamination also occurs via insect feces 

and excreta, which carry spores and provide nutrients 

(Sabra et al., 2016). Some mycotoxins can even be 

biotransformed into more toxic metabolites after 

ingestion by insects (Niermans et al., 2021). Furthermore, 

many studies highlighted the role of T. castaneum 

infestation in spreading fungal and bacterial 

contamination in stored grains and flour including 
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mycotoxin-producing fungi (Duarte et al., 2021; Pandey 

et al., 2023; Khan, 2024). For instance, a previous study 

showed that maize flour infested with T. castaneum can 

contain five times more load of mycotoxin-producing 

Aspergillus spp. when compared to uninfested flour 

(Simpanya et al., 2001). Infestation by insects, such as 

Ephestia kuehniella, directly deteriorates flour quality, 

leading to increased humidity and microbial growth that 

correlates with mycotoxin production (Meghlat et al., 

2024). Thus, the involvement of T. castaneum in 

spreading mycotoxin-producing fungi raises human and 

animal health issues (Awuchi et al., 2021; Duarte et al., 

2021; Annunziata et al., 2025).  

 Although studies on the microbial flora of T. 

castaneum in Saudi Arabia are scarce (Bosly and 

Kawanna, 2014; Bosly and El-Banna, 2015), a significant 

research gap exists, particularly in the northwestern 

region of Saudi Arabia including Al Jouf province. 

Previous studies in Jazan region established that T. 

castaneum plays a significant role in the carriage and 

distribution of fungal spores (Bosly and Kawanna, 2014). 

Specifically, Bosly and Kawanna (2014) isolated four 

Aspergillus species from both flour samples and the 

beetles. Subsequent research further isolated nine fungal 

species, among which the entomopathogens Beauveria 

bassiana and Verticillium lecanii were dominant (Bosly 

and El-Banna, 2015). Since this last publication, a clear 

research gap has emerged, as no data on this topic has 

been published in Saudi Arabia from 2015 to the present. 

This gap is compounded by a complete lack of studies 

focused on the distinct ecological niche of the Al Jouf 

region. 

 Herein, the role of T. castaneum beetle as a 

vector for the mycotoxic fungi breeding within the stored 

wheat flour at the AlJouf region was investigated. Both 

culture-dependent and molecular methods were used to 

identify microbial flora from the flour and the insect 

developmental stages. Additionally, the detection of 

aflatoxins and antagonism tests were performed. The 

current study could be a basic step for setting up an 

effective Integrated Pest Management (IPM) strategy to 

safeguard stored-products. 

MATERIALS AND METHODS 

Insect sampling and identification: In the present work, 

adults, larvae and pupae of the same species were 

collected from the stored flour samples. Identification of 

the stored wheat flour insects was done according to the 

available keys (Hinton, 1945; Bousquet, 1990). The 

identification was relied on 60 randomly chosen samples.    

Wheat sampling: Ten insect-infested samples of wheat 

flour were collected from Al Jouf, Sakaka flour stores. 

The average temperature within the stores was 25± 2 °C, 

and the average relative humidity was ~75%. Pungent 

odor of rancidity was smelled in all visited stores. 

Sampling conditions are summarized in Table 1. 

Table 1. Key-table showing sampling stores, number of samples and number of alive insects collected from the 

infested samples. In all visited stores, the average temperature of 25± 2 °C, relative humidity of ~75 % 

and pungent odor of rancidity was smelled. 

 

Visited store Total samples/ store Selected samples* Number of insects 

Market A. 7 0 0 

Market B. 8 4 70 

Market C. 5 1 40 

Market D. 10 5 74 

Total 30 10 184 
*Samples were chosen randomly from insect-infested flour samples.  

 

Surface-sterilization of T. castaneum stages: Surface-

sterilization of the insects was done to ensure that the 

isolated microflora is not acquired by a former 

contamination from the stored wheat flour. These 

surface-sterilized insects were utilized for the isolation of 

internal microflora. Additionally, microflora was isolated 

from the stored wheat flour (breeding media of T. 

castaneum). Surface-sterilization of the insects was done 

following AlSharari et al. (2022) with minor 

modifications. Briefly, insect stage was brushed under 

running water, washed in sterile double distilled water 

(ddH2O), submerged for 3-5 min in 70% ethyl alcohol, 

and for 3-5 min in 4% sodium hypochlorite. Insects were 

washed again in sterile ddH2O three times, and then air-

dried under laminar flow sterile conditions. Both 

supernatant of the centrifuged last washing-water and 

surface-sterilized insects (negative control), and 

unsterilized insect (positive control) were plated onto 

both fungal and bacterial media. Potato-Dextrose-Agar 

(PDA) medium containing 10 mg streptomycin/ L 

medium was used in the case of fungi, and Nutrient-Agar 

(NA) medium was used in the case of bacteria. Negative 

growths of fungi and bacteria in the case of negative 

control were considered a sign of successful surface-

sterilization procedure (AlSharari et al., 2022).  

Isolation of internal microflora from T. castaneum 

stages grown in the flour: Ten surface-sterilized 

individuals of each stage (adult, larva and pupa) of T. 

castaneum were ground into as small pieces as we could, 

using an autoclaved grinder. In this work, a total of 120 

insects (3 insect stages* 10 individuals* 4 replicates) were 

employed. A suitable volume of sterilized ddH2O were 

added to ten ground individuals of each insect stage. A 
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100 µl of this mixture were plated onto each PDA or NA 

plate, and plates were sealed using parafilm. Plates were 

then promoted for microfloral growth by incubation at 

28± 2 °C for fungi, or at 35± 2 °C for bacteria, and 

monitored daily until growths were observed (AlSharari 

et al., 2022). Confirmed growths were propagated 

separately to preclude concealing other growths. Pure 

fungal and bacterial colonies were transferred to new 

PDA or NA slants and kept until further studies. 

Environmental and cross-contaminations were prevented, 

and effective sterilization was affirmed following the 

previously prescribed protocol (AlSharari et al., 2022).      

Isolation of microflora from the stored wheat flour: 

One g of each flour sample (10 samples* 4 replicates) was 

suspended in 99 ml of sterilized ddH2O. A 100 µl of each 

suspension were plated onto each PDA or NA plate, and 

the same above-mentioned procedure was applied 

(Moustafa and Abdelzaher, 2016; AlSharari et al., 2022). 

Relative abundance percentage of microflora (RA%) 

collected from both insect and flour was calculated as: 

The No. of isolates of a taxon/ The total No. of isolates of 

all taxa*100 (Suryanarayanan et al., 2003).  

Morphological identification of fungal and bacterial 

isolates: Fungal isolates were recognized according to 

the following morphological criteria: colonial 

morphology, spore, hayphae, secretions and reproductive 

structures. Meanwhile, bacterial isolates were recognized 

according to Galal and Seufi (2020). Initially, each pure 

fungal or bacterial colony was transferred to new fresh 

PDA or NA plate, and propagated for the purpose of 

identification (Galal and Seufi, 2020; AlSharari et al., 

2022). Before microscopic examination, slides were 

prepared for each separate isolate, and stained with the 

lactophenol blue for fungi or with Gram stain for 

bacteria. Identification of fungi was done according to the 

available keys (Kirk et al., 2008; Seifert et al., 2011).  

Molecular identification of fungal and bacterial 

isolates 

DNA extraction, oligonucleotides and PCR 

amplification: Three sterile 500-mL conical flasks 

having 250 mL of PD or NA broth were seeded with a 

separate fungal or bacterial isolate. Additional No-Isolate, 

A. flavus, and E. coli flasks were used as negative and 

positive controls. All flasks were maintained at 28± 2 °C 

for 7 days for fungal growth, or at 30± 2 °C for 2 days for 

bacterial growth, and then about 100 mg of the fungal 

biomass or bacterial pellet were collected. Negative 

growths in the case of negative control were considered a 

sign of successful media and laboratory environment-

sterilization. Meanwhile, growths in the case of positive 

control confirmed that media and the temperature are 

suitable. Total DNA extraction was done following the 

protocol of the Biospin Fungus Genomic DNA Extraction 

Kit (Bioer Technology Co. Ltd., Hangzhou, China), or 

mericon DNA Bacteria Kit (QIAGEN, GmbH, 

Germany). The same protocols were applied to 1 mL of 

the negative control flask, and no DNA was isolated. 

Purified DNA of each isolate was assessed for purity, 

concentration and integrity (White et al., 1990). 

 ITS rRNA pair of oligonucleotides (White et al., 

1990), and 16S rRNA pair of oligonucleotides (Hall et 

al., 2003) were synthesized for fungal and bacterial 

identification, respectively (Table 2). The followed PCR 

reaction-components and PCR reaction-conditions were 

previously described by AlSharari et al., (2022) for fungi, 

and by Galal and Seufi (2020) for bacteria. PCR reactions 

were performed using the ABI GeneAmp 9700 machine 

(Applied Biosystems, Waltham, MA, USA). A No-

Template, A. flavus-DNA-Template, and E. coli-DNA-

Template PCR reactions were used as negative and 

positive controls. PCR amplicons were run on 1.5% 

agarose gel containing 1 Kb ladder marker (MBI, 

Fermentas, Waltham, MA, USA) for determining 

amplicon’s molecular sizes. Gels were visualized on a 

UV-transilluminator, and photographed by a gel 

documentation system. On a UV-transilluminator, the 

desired DNA bands were cautiously cut with the least 

amount of gel, and QIAGEN gel extraction kit 

(QIAGEN, GmbH, Hilden, Germany) was employed for 

DNA elution. 

Table 2. Information key of the primers used in the present study 

 

Name Sequence Amplicon size Reference 

Forward 16S rRNA 5`-TGGAGAGTTTGATCCTGGCTCAG-3`  500 bp Hall et al., 2003 

Reverse 16S rRNA 5`-TACCGCGGCTGCTGGCAC-3` 

Forward ITS rRNA (ITS1) 5`-TCCGTAGGTGAACCTGCGG-3` 600 bp White et al., 1990 

Reverse ITS rRNA (ITS4) 5`-TCCTCCGCTTATTGATATGC-3` 

 

DNA sequencing and identification of microflora 

using ITS rRNA or 16S rRNA: Two PCR-purified 

elutes were sequenced bi-directionally for each individual 

isolate, to eliminate potential amplification errors and 

ensure sequence accuracy. The same amplification 

primers were used (Table 2). Initially, sequence results of 

the two amplicons were aligned for each isolate to assure 

our sequence accuracy. Subsequent intra-sequence 

similarity of the 8 confirmed sequences was investigated 

by Clustal Omega to assure our different fungal and 

bacterial isolates. Detailed methodology of sequencing 

and sequence analyses of each isolate were previously 

described (Galal and Seufi, 2020; AlSharari et al., 2022). 

The affirmed fungal sequences are GenBank-deposited 

having the accession numbers: PX056163-PX056170. 
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Bacterial isolate has the following accession number: 

PX048886-PX048887. 

 Phylogenetic trees’ construction was done for 

fungal and bacterial species, separately, by Neighbor 

Joining (NJ) method and MrBayes 3.2.6 software 

(http://www.phylogeny.fr/one_task.cgi?task_type=mrbay

es). Each genus was referred to its closest species in 

accordance to the phylogenetic inference and similarity 

measures. 

Detection and quantification of mycotoxin in the 

wheat flour: TLC is a cost-effective screening tool for 

visual detection of multiple mycotoxins on a single plate 

using mycotoxin standards under UV light (detection 

limit: 10 to 50 ppb). It can be affected by environmental 

factors, and needs a skilled user. Meanwhile, ELISA is a 

highly accurate and sensitive quantitative method used 

for determining a precise concentration of a specific 

mycotoxin (detection limit: 0.1 to 10 ppb). Effective 

screening of multiple mycotoxins necessitates the 

employment of several individual detection kits, which 

imposes considerable increase in both cost and labor time 

limitations. The use of both methods provides a robust 

analytical strategy: TLC for initial screening and 

qualitative confirmation, and ELISA for precise and 

sensitive quantification. 

a. Detection of mycotoxin by using TLC techniques: 

Samples were prepared for TLC as previously prescribed 

with minor modification (Badji et al., 2023). Briefly, 15 g 

of wheat flour were extracted in 250-mL chloroform: 25-

mL ddH2O mixture by 60-min wrist-action-shaking, 

filtered by Whatman filter paper no. 4, and then dried by 

an oven at 60 °C. Mycotoxins were detected by thin layer 

chromatography (TLC) as previously prescribed with 

minor modification (Dai et al., 2020). TLC-plates were 

spotted with 25 µL spots of samples and 7.5 µL of 

standards. Anhydrous ether was initially employed as a 

tank-developer, and then replaced by 1:9 acetone: 

chloroform mixture. TLC-plates were allowed to air-

drying and finally visualized using UV light and 

compared with standard spots. Standards of ochratoxin A, 

aflatoxins A and B were purchased from Sigma-Aldrich 

(USA). 

b. Quantification of mycotoxins by ELISA: Five grams 

of wheat flour were extracted in 25-mL of 70% methanol 

by 30-min vigorous shaking, filtered by Whatman filter 

paper no. 4. A SimpleStep ELISA® kits (Abcam, 

Netherlands) was used for mycotoxin quantification 

following the kit manual. Briefly, 50 µL of each sample 

or standard were added to a well of the plate which is pre-

coated with immobilization antibodies. 50 µL of the 

capture and detector antibody cocktail were then added to 

each well, and the plate was incubated at room 

temperature for 1 hour (to allow reaction-completion). 

100 µL of TMB development solution and 100 µL of 

Stop Solution were added to each well. Color 

development is proportional to the amount of the 

mycotoxin in the sample. The optical density (OD) of the 

sample was read at 450 nm, and the concentration was 

calculated.  

Antagonistic effect of fungal and bacterial species: 

Both fungi and B. amyloliquefaciens bacterium were 

previously isolated from T. castaneum developmental 

stages. Initially PDA medium was used for fungal 

growth, and NA medium was used for B. 

amyloliquefaciens growth. For testing antagonistic effect 

between the fungal species and B. amyloliquefaciens 

bacterium, agar disk diffusion method was employed. 

Briefly, a 1.00 ml of a single fungal species was spread 

on the PDA plate, and then pates were incubated for 24 h 

at 27 °C. Then 0.5 mm paper disks saturated with B. 

amyloliquefaciens suspension were transferred to the 

PDA plate. The bacteria-inoculated PDA plates (3 

replicates of each plate) were incubated at 27 °C, and 

observed daily for 7 days. If more than one 

microorganism could grow on the same culture, this 

indicates synergism. However, if only a single specie 

could grow on the medium, this indicates antagonism. 

The inhibition zones around the bacterial discs were 

measured and standardized to a reference chart (Galal et 

al., 2017). Each experiment was repeated three times. 

Statistical analyses: The aflatoxin concentration 

experiment was performed using three independent 

biological replicates, with each replicate measured in 

triplicate (technical replicates) under completely 

randomized design. Prior to analysis, the assumptions of 

ANOVA were tested. Normality of the data was checked 

using the Shapiro-Wilk test, and homogeneity of 

variances was confirmed with Levene's test. As these 

assumptions were met, data were analyzed by One-Way 

Analysis of Variance (ANOVA) and Scheffé post-hoc 

tests. In addition to p-values, the effect size (Cohen's d), 

and 95% confidence intervals were reported. Significance 

was computed at a threshold of p< 0.05. Statistical 

analyses were carried out using SPSS ver. 24.0 software 

(IBM Corp., Armonk, NY, USA). 

RESULTS 

Insect identification and isolation of microflora: In this 

study, all collected insects were identified as the red flour 

beetle, T. castaneum. These insects were used for all 

further investigations. Based on the morphological 

differences of colonies, a total number of 354 isolates 

were collected from T. castaneum developmental stages 

and its breeding media (wheat flour). 

Isolation of internal microflora from T. castaneum 

developmental stages: Out of the 354 isolate, 142 

(40.11%) colonies were collected from larvae, pupae and 

adults of T. castaneum (Figure 1).  Out of the 142 

isolates, 44 (30.99%), 20 (14.08%), and 78 (54.93%) 

were collected from surface-sterilized larvae, pupae and 

adults of T. castaneum, respectively. Further analysis 

indicated that out of the 142 isolates, 128 (90.14%) were 



Galal et al.,   J. Anim. Plant Sci., 36 (2) 2026 

 609

fungal growths and 14 (9.86%) were bacterial growths (Table 3). 

 
Figure 1. Bar chart showing the number of microbial isolates and percentage relative abundance (%RH) of 

microorganisms in both insects and infested flour samples. %RH were calculated based on the total 

number of isolates. Bars with different letters show significant differences based on Student T-test 

between insect and flour. Significance was computed at p < 0.05. The total bar is not included in the 

statistical comparisons 

 

Table 3. Frequency and relative abundance of isolated microfloral species from insect stages and wheat flour 

 

Microorganism Insects Flour 

Larval 

isolates 

Pupal isolates Adult 

isolates 

Total isolates RA% Total 

isolates 

RA% 

T. harzianum 20 10 43 73 (142)* 51.41 ND ND 

B. gladioli 20 10 25 55 (142) 38.73 ND ND 

B. amyloliquefaciens 4 ND 10 14 (142) 9.86 ND ND 

A. flavus ND ND ND ND ND 67 (212)** 31.60 

A. niger ND ND ND ND ND 42 (212) 19.81 

A. oryzae ND ND ND ND ND 11 (212) 5.20 

A. parasiticus ND ND ND ND ND 19 (212) 8.96 

F. solani ND ND ND ND ND 23 (212) 10.85 

A. alternata ND ND ND ND ND 24 (212) 11.32 

P. citrinum ND ND ND ND ND 26 (212) 12.26 
ND: Not detected; RA%= No. of isolates of a taxon/ Total no. of isolates of all taxa* 100; *: Total no. of insect isolates; **: Total no. of 

flour isolates. 

 

 Microfloral identification analyses clarified that 

only one fungal species (Trichoderma harzianum) and 

two bacterial species (Burkholderia gladioli and Bacillus 

amyloliquefaciens) were isolated from the surface-

sterilized T. castaneum developmental stages. Both T. 

harzianum fungus and B. gladioli bacterium were 

persistently isolated from all T. castaneum developmental 

stages. However, B. amyloliquefaciens bacterium was not 

detected in the pupal stage of T. castaneum. The highest 

relative abundance (51.41%) was exhibited by T. 

harzianum fungal species, followed by B. gladioli 

(38.73%) and B. amyloliquefaciens (9.86%) bacterial 

species (Table 3).  

Isolation of microflora from the insect breeding media 

(wheat flour): Out of the 354 isolate, 212 (59.89%) 

colonies were collected from the stored wheat flour 

infested with different stages of T. castaneum (Figure 1). 

Further analyses clarified that all isolates were fungi, 

however, no bacterial isolates were collected from the 

breeding media (Table 3). 

 Microfloral identification analyses revealed that 

seven fungal species were collected from the tested wheat 

flour samples. At the genus level, Aspergillus was the 
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most abundant genus (65.57%), followed by Penicillium 

(12.26%), Alternaria (11.32%), and Fusarium (10.85%) 

genera. Among the seven fungal species, four species 

belong to the genus Aspergillus (A. flavus, A. niger, A. 

oryzae and A. parasiticus). The highest relative 

abundance (31.60%) was exhibited by A. flavus. 

However, the least relative abundance (5.20%) was 

exhibited by A. oryzae (Table 3). Surprisingly, no fungal 

or bacterial species was commonly isolated from both 

insect and its breeding media (Table 3).       

Morphological characterization of fungal isolates: 

Based on macro- and microscopic characteristics of the 

colonies, a total of 285 fungal isolates (212 from wheat 

flour and 73 from insect stages) were identified up to the 

genus level (Table 4). Five genera and eight species of 

fungi were declared using morphological data. 

 All identified fungal isolates could propagate on 

Potato Dextrose (PDA), Czapek-Dox, and Sabouraud 

Dextrose Agars (SDA) at 25- 30°C. Macroscopic 

investigation of the colonies revealed that all growths 

start as a light colored (white, creamy or yellow) and then 

gradually turns darker (green, brown or black) over time. 

Texture of the colony was velvety (very smooth), 

floccose, powdery or loose forming plectenchyma. All 

colonies exhibited rapid or moderate to rapid growth rates 

(Table 4). 

 Microscopic investigation clarified that all 

fungal isolated displayed well-developed branched 

mycelia, and hyaline, septate and branched hyphae. 

Conidiophores are generally simple non-branched in all 

Aspergillus spp. (terminating in a swollen vesicle), and 

Alternaria sp. (producing zigzag shape). However, 

conidiophores are branched monophialides in Fusarium 

sp., branched ensuring symmetrical pattern in Penicillium 

sp., and repeatedly branched carrying clusters of 

divergent, flask-shaped phialides in Trichoderma sp. 

Vesicles are generally globose to sub-globose in shape, 

thus supporting phialides with uniseriate and biseriate 

arrangements. Phialides are arranged in biseriate pattern 

in Aspergillus sp. (probably: niger), uniseriate in 

Fusarium sp., Alternaria sp. and Trichoderma sp., and 

arranged in uniseriate or biseriate pattern in the other 3 

Aspergillus sp. (probably: flavus, oryzae, and parasiticus) 

and Penicillium sp. Conidia are small-sized, globose to 

subglobose in shape, rough-walled in all Aspergillus spp. 

except A. oryzae (smooth to rough), and form chains 

radiating from the vesicle. Fusiform multiseptate conidia 

are seen in Fusarium isolate, large simple or branched 

conidia with longitudinal and transverse septations are 

seen in Alternaria isolate, small-sized, green-colored, 

sticky clumps of conidia were seen in Trichoderma 

isolate (Table 4). Morphology of fungal growths of the 

identified fungi are shown in Figure 2 

Morphological characterization of bacterial isolates: 

Based on colonial characteristics of the two bacterial 

isolates, the colony of one isolate is pale yellow-colored, 

circle-shaped with smooth margin. Meanwhile, the other 

colony is creamy-colored, irregular-shaped with curled 

margin. Both colonies are median-sized, raised and 

opaque. Based on cellular characteristics, both isolates 

are bacilli, one of them is Gram-negative and the other is 

Gram-positive (Table 5). Both bacterial species could not 

be positioned to their taxa using morphological data. 

Morphological characterization of bacterial isolates: 

Based on colonial characteristics of the two bacterial 

isolates, the colony of one isolate is pale yellow-colored, 

circle-shaped with smooth margin. Meanwhile, the other 

colony is creamy-colored, irregular-shaped with curled 

margin. Both colonies are median-sized, raised and 

opaque. Based on cellular characteristics, both isolates 

are bacilli, one of them is Gram-negative and the other is 

Gram-positive (Table 5). Both bacterial species could not 

be positioned to their taxa using morphological data. 

Molecular characterization of fungal isolates: 

Integration of the morphological and molecular data 

showed 8 different fungal species belonging to 5 genera 

(Trichoderma, Aspergillus, Fusarium, Alternaria and 

Penicillium), 5 families (Aspergillaceae, Trichomaceae, 

Nectriaceae, Hypocreaceae and Pleosporaceae), 3 orders 

(Eurotiales, Hypocreales and Pleosporales), 3 classes 

(Eurotiomycetes, Sordariomycetes and Dothideomycetes) 

and 1 phylum (Ascomycota). Out of 8, 4 fungal species 

belong to the genus Aspergillus, family Aspergillaceae, 

order Eurotiales, and class Eurotiomycetes (50%). The 

main taxonomic information of the identified fungi are 

shown in Table 6. 

 Sequence analyses clarified that 8 fungal species 

were recognized. BLAST search indicated that out of the 

8 fungal species, 5 (62.5%) demonstrated maximum 

similarities under 97% when compared to the 

corresponding NCBI-sequences (Table 7). Generally, the 

8 fungal sequences showed 86.30 to 98.84% identities, 70 

to 100% query coverages, and 455 to 924 maximum 

scores when compared to the closest sequences in 

GenBank databases (Table 7). A. oryzae, A. parasiticus 

and T. harzianum exhibited maximum identities of 

98.84%, 97.92% and 98.59%, respectively, when 

compared to the closest sequences (Acc#: PV069384.1, 

NR_151784.1 and KC576652.1, respectively) in 

GenBank databases. However, A. niger exhibited the 

least maximum identity (90.65%) when compared to the 

closest sequence (Acc#: PP478513.1) in GenBank 

databases (Table 7).  

Molecular characterization of bacterial isolates: 

Sequence analyses of the two sequences clarified that 2 

species belonging to Burkholderia and Bacillus genera 

were recognized. The main taxonomic information of the 

2 bacterial species is shown in Table 6. BLAST search 

indicated that Burkholderia gladioli and B. 

amyloliquefaciens demonstrated 83.56 and 98.33% 

maximum identities, respectively, when compared to the 

closest sequences (Acc#: PP622298.1 and MT540996.1, 

respectively) in GenBank databases (Table 7). Generally, 

B. gladioli and B. amyloliquefaciens sequences showed 

78.98 to 98.33% identities, 82 to 100% query coverages, 
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and 180 to 1158 maximum scores when compared to the 

closest sequences in GenBank databases (Table 7).  
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Figure 2. Light microscopy showing microconidial structures of the eight isolated fungal species propagated on 

PDA at room temperature for 7 days in dark 

 

Table 5. Colonial and cellular morphology of the two bacterial isolates from the different stages of T. castaneum 

 

Characteristics Colony Characteristics Cell Characteristics 

Shape Size Elevation Opacity Margin Colour Gram 

Staining 

Morphology 

B. gladioli Circular Medium Raised Opaque Smooth Pale 

yellow 

Gram-

negative 

Bacilli 

B. 

amyloliquefaciens 

Irregular  Medium Raised Opaque Curled  Creamy Gram-

positive 

Bacilli 

Table 6. Information key showing the taxonomic ranking of the microorganisms isolated from different stages of 

T. castaneum and wheat flour. 

 

Isolate Phylum/ Division Class, Order Family Genus Suggested species Confirmation 

by BLAST 

1 Ascomycota Eurotiomycetes, 

Eurotiales 

Aspergillaceae Aspergillus  A. flavus, 92.23% 

2 Aspergillus  A. niger 90.65% 

3 Aspergillus  A. oryzae 98.84% 

4 Aspergillus  A. parasiticus 97.92% 

5 Trichomaceae Penicillium  P. citrinum 94.09% 

6 Sordariomycetes, 

Hypocreales 

Nectriaceae Fusarium  F. solani 89.04% 

7 Hypocreaceae Trichoderma  T. harzianum 98.59% 

8 Dothideomycetes, 

Pleosporales 

Pleosporaceae Alternaria  A. alternata 95.29% 

9* Pseudomonadota Betaproteobacteria, 

Burkholderiales 

Burkholderiaceae Burkholderia  B. gladioli 83.56% 

10* Bacillota Bacilli, 

Caryophanales 

Bacillaceae Bacillus  B. 

amyloliquefaciens 

98.33% 

*Bacterial species. 
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Table 7. Summarized similarity measures of the identified microbial species using ITS and 16S rRNA genes 

 

Identified species 

(Accession#) 

Maximum 

score 

Total score % Query 

cover 

E-value Min- Max 

% Identity 

Closest 

Accession# 

A. flavus (PX056163) 551 551 93% 3e-152 91.98- 

92.23% 

PV030232.1*- 

PP800531.1** 

A. niger (PX056164) 455 455 82% 3e-123 89.52- 

90.65% 

LC573606.1*-

PP478513.1** 

A. oryzae (PX056165) 924 924 100% 0.0 98.84% PV069384.1 

A. parasiticus 

(PX056166) 

917 917 100% 0.0 97.35- 

97.92% 

MG199594.1*- 

NR_151784.1** 

P. citrinumn (PX056169) 614 614 95% 1e-170 93.84- 

94.09% 

PQ683346.1*-

MG962395.1** 

F. solani (PX056167) 496 496 70% 7e-144 88.01- 

94.69% 

KP676073.1*- 

PQ721280.1** 

T. harzianum 

(PX056170) 

499 1177 97% 5e-136 86.30- 

98.59% 

KC576646.1*-

KC576652.1** 

A. alternata (PX056168) 638 638 93% 2e-178 95.04- 

95.29% 

PQ626703.1*-

LC171664.1** 

B. gladioli*** (PX048887) 180 472 82% 8e-40 78.98- 

83.56% 

PV088259.1*- 

PP622298.1** 

B. amyloliquefaciens*** 

(PX048886) 

1158 1158 100% 0.0 91.54- 

98.33% 

OQ829611.1*-

MT540996.1** 
*: Accession number of the minimum identity; **: Accession number of the maximum identity; ***: Bacterial sequences. 

 

Molecular phylogeny of fungal and bacterial isolates: 

Fungal phylogenetic tree was constructed with 74 fungal 

sequences including ours. Fungal phylogenetic tree 

showed 3 main branches. Branch I collects all Alternaria 

sequences in two sister branches. One sister branch 

includes our sequence and its closest Alternaria alternata 

(Acc#: LC171664.1), and the other includes the 7 

remaining Alternaria sequences. Meanwhile, branch II 

divides into two sister branches: one collects all 

Fusarium sequences, and the other collects all 

Trichoderma harzianum sequences. Branch III divides 

into two sister branches: one collects all Penicillium 

citrinum sequences, and the other divides into 3 sub-sister 

branches including all Aspergillus sequences. 

Phylogenetic analysis succeeded in attributing both of 

Alternaria alternata, Trichoderma harzianum, 

Penicillium citrinum, Aspergillus niger and Aspergillus 

flavus to their species. However, phylogenetic analysis 

did not succeed in attributing both of Fusarium solani, 

Aspergillus oryzae and Aspergillus parasiticus to their 

species. Species’ overlap was observed between 

Fusarium solani and Fusarium oxysporum, and among 

the three species: Aspergillus oryzae, Aspergillus flavus 

and Aspergillus parasiticus (Figure 3). 

 Bacterial phylogenetic tree was constructed with 

25 bacterial sequences including ours. Bacterial 

phylogenetic tree showed 2 main branches. Branch I 

collects all Burkholderia sequences in two sister 

branches. One sister branch includes our sequence and its 

closest Burkholderia gladioli (Acc#: PP622298.1), and 

the other divides into several sub-sister branches 

including the remaining Burkholderia sequences. 

Meanwhile, branch II collects all B. amyloliquefaciens 

sequences including ours. Phylogenetic analysis 

succeeded in attributing both B. gladioli and B. 

amyloliquefaciens to their species. Species’ overlap was 

observed among Burkholderia arboris, Burkholderia 

cenocepacia and Burkholderia anthina (Figure 4). 

Mycotoxin detection in insect and its breeding wheat 

flour samples: Concentrations of the mycotoxins 

detected in wheat flour samples is summarized in Figure 

5. Four aflatoxins were detected in the investigated flour 

samples, meanwhile, ochratoxin-A was not detected. 

However, none of the investigated mycotoxins was 

detected in any insect developmental stage. AFB-2 and 

AFG-2 aflatoxins showed the highest and least 

concentrations in the wheat flour, respectively (Figure 5). 

Statistical analyses indicated that the overall 

concentration difference between the four types of 

aflatoxins was significant (Df= 3, F= 49707.49, P= 

0.00). Post-hoc tests revealed that the concentration of 

AFB-2 was significantly higher (P= 0.00, d= 238.53, 

191.84 and 34.70) when compared to AFG-2, AFG-1 and 

AFB-1, respectively. Meanwhile, the concentration of 

AFB-1 was significantly higher (P= 0.00, d= 191.98 and 

154.14) when compared to AFG-2 and AFG-1. Although 

the mean concentration difference between AFG-1 and 

AFG-2 was statistically insignificant (P= 0.284), 

magnitude of the effect size was classified large (d= 

1.93). The total aflatoxin concentration was estimated 

19.18± 0.04 ppb (Figure 5). 
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Figure 3. p-Distance-based phylogenetic analysis of 74 fungal sequences (including ours) of the ITS rRNA gene 

using MrBayes 3.1.2 software. The phylogenetic tree shows genetic relationship of our sequences to their 

corresponding sequences from GenBank. Our sequences are indicated by boxes, and other sequences are 

indicated by their accession numbers. Red arrows show species’ overlap region in the tree 
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Figure 4. p-Distance-based phylogenetic analysis of 25 bacterial sequences (including ours) of the 16S rRNA gene 

using MrBayes 3.1.2 software. The phylogenetic tree shows genetic relationship of our sequences to their 

corresponding sequences from GenBank. Our sequences are indicated by boxes, and other sequences are 

indicated by their accession numbers. Red arrows show species’ overlap region in the tree 

 

Antagonism between fungal and bacterial species: To 

explain why neither flour-isolated fungi nor the 

corresponding aflatoxins were not detected in beetles 

which were breeding and feeding on flour containing 

these fungi, we tested the antagonistic effect between the 

fungi isolated from the flour and the bacteria isolated 

from surface-sterilized beetles (B. gladioli and B. 

amyloliquefaciens). Out of the 17 combinations 

investigated for antagonistic effect, 16 are made up of 

one fungal and one bacterial species each, and one is 

made of the 2 bacterial species together (Table 8).  

It is clear that both bacterial species were antagonistic to 

all fungal species (inhibited fungal growth) except T. 

harzianum. Additionally, both bacterial species were 

synergistic to each other (Table 8). The average 

diameters of inhibition zone were 35.51 and 32.88 mm 

for B. gladioli and B. amyloliquefaciens, respectively 

(Figure 6). Statistical analyses indicated that the overall 

differences between the fungal inhibition zones (flour 

fungi) caused by bacterial antagonism were significant in 

the case of B. amyloliquefaciens (Df= 8, F= 2009.86, P= 

0.00), and B. gladioli (Df= 8, F= 1387.13, P= 0.00). 

With the exception of two cases (A. parasiticus and F. 

solani (P= 0.96, d= 0.80); A. alternata and P. citrinum 

(P= 0.29, d=0.09)), all pairwise comparisons between the 

diameters of the inhibition zones caused by B. 

amyloliquefaciens were significant (P= 0.00- 0.023, d= 

0.63- 16.27). Meanwhile with the exception of four cases 

(A. flavus and A. niger (P= 0.09, d= 1.86); A. oryzae and 

F. solani (P= 0.71, d= 2.31); A. parasiticus and A. 

alternata (P= 0.09, d= 1.90); A. niger and P. citrinum 

(P= 0.26, d= 4.61)), all pairwise comparisons between 

the diameters of the inhibition zones caused by B. 

gladioli were significant (P= 0.00- 0.01, d= 0.61- 8.72). 

 To find out which is more antagonistic to fungi, 

inhibition zones for each fungal species were compared 

in the case of B. amyloliquefaciens against B. gladioli. 

The diameter of the inhibition zone caused by B. gladioli 

was significantly higher than that caused by B. 

amyloliquefaciens (P= 0.00- 0.018, d= 0.50 for solani- 

7.34 for parasiticus) for all fungi except P. citrinum 

which showed significantly higher inhibition zone (35.53 

mm) caused by B. amyloliquefaciens (P= 0.005, d= 3.07) 

than that (31.80 mm) caused by B. gladioli (Figure 6). 
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Figure 5. Bar chart showing the mean of four types and total aflatoxin concentration (in ppb) detected in the 

tested flour samples. Bars with the same letters show insignificant differences based on Scheffe post-hoc 

tests. 

 

Table 8. Antagonistic effect of B. amyloliquefaciens and B. gladioli bacteria on the identified fungi 

 

Combination Bacterial 

antagonistic 

activity 

Growths 

A. flavus + B. amyloliquefaciens +ve A. flavus growth was inhibited by B. amyloliquefaciens. 

A. niger + B. amyloliquefaciens +ve A. niger growth was inhibited by B. amyloliquefaciens. 

A. oryzae + B. amyloliquefaciens +ve A. oryzae growth was inhibited by B. amyloliquefaciens. 

A. parasiticus + B. amyloliquefaciens +ve A. parasiticus growth was inhibited by B. amyloliquefaciens. 

P. citrinum + B. amyloliquefaciens +ve P. citrinum growth was inhibited by B. amyloliquefaciens. 

F. solani + B. amyloliquefaciens +ve F. solani growth was inhibited by B. amyloliquefaciens. 

A. alternata + B. amyloliquefaciens +ve A. alternata growth was inhibited by B. amyloliquefaciens. 

T. harzianum + B. amyloliquefaciens -ve No inhibition of growth was observed. 

A. flavus + B. gladioli +ve A. flavus growth was inhibited by B. gladioli. 

A. niger + B. gladioli +ve A. niger growth was inhibited by B. gladioli. 

A. oryze + B. gladioli +ve A. oryzae growth was inhibited by B. gladioli. 

A. parasiticus + B. gladioli +ve A. parasiticus growth was inhibited by B. gladioli. 

P. citrinum + B. gladioli +ve P. citrinum growth was inhibited by B. gladioli. 

F. solani + B. gladioli +ve F. solani growth was inhibited by B. gladioli. 

A. alternata + B. gladioli +ve A. alternata growth was inhibited by B. gladioli. 

T. harzianum + B. gladioli -ve No inhibition of growth was observed. 

B. gladioli + B. amyloliquefaciens* -ve No inhibition of growth was observed. 
*Bacteria-bacteria antagonism. 
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Figure 6. Bar chart showing the mean diameter of the fungal inhibition zone (in mm) created by antagonistic 

bacteria. A. Antagonistic effect of B. amyloliquefaciens, and B. Antagonistic effect of B. gladioli. Bars with 

the same letters show insignificant differences based on Scheffe post-hoc tests. Significance was computed 

at p < 0.05 

 

DISCUSSION 

 Economically effective species identification is 

crucial for subsequent research (Rajapaksha et al., 2019). 

In general, different isolation and recognition 

methodologies resulted in different number of identified 

genera (Yang et al., 2018). However, integration of 

methodologies is the most effective strategy for accurate 

identification (Seufi et al., 2019; Galal and Seufi, 2020; 

AlSharari et al., 2022). In this study, sequence data, 

BLAST search, multiple alignments, phylogenetic trees 

were very powerful to assign genus to its most potential 

species. Meanwhile, morphological data was the 

weighting factor when molecular measures resulted in 

species’ overlap. All isolates were successfully identified 

to their most probable species (8 fungi and 2 bacteria). 

The current fungal sequences generated 86.30 to 98.84% 

similarities when matched to GenBank records. 

Significantly, seven out of the eight fungal sequences 

exhibited similarities below the traditional 98% 

threshold. Based on updated identity threshold rules for 

new species (Rosselló-Mora and Kampfer, 2004; Edgar, 

2018; Edgar, 2018a), three Aspergillus species (A. flavus 

(92.23%), A. niger (90.65%), A. parasiticus (97.92%)), 

and one isolate each of Penicillium citrinum, Fusarium 

solani, Trichoderma harzianum, and Alternaria alternata 
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could be reported as novel. Similarly, the bacterial isolate 

B. gladioli (78.98- 83.56% similarity) is suggested to be 

new. Given that a high bit score and low E-value are 

foundational for confidently assigning taxonomic identity 

(Pearson, 2013), and the 99.6% ITS rRNA gene identity 

threshold for new species (Vu et al., 2019), the current 

results collectively suggest that the 10 identified strains 

may represent novel genotypes requiring further 

taxonomic resolution.  

 Furthermore, the prevailing studies on stored 

flour contamination suggest that stored-product insects 

like T. castaneum, Sitotroga cerealella, T. castaneum, 

Corcyra cephalonica, Ephestia kuehniella, T. confusum 

and Rhyzopertha dominica are major players in 

expanding fungal and mycotoxin contamination globally 

(Yun et al., 2018; Tuama et al., 2020; Khan, 2024), with 

infestation shown to increase mycotoxin concentration in 

the flour (Gabarty and Abou El Nour, 2016). This view is 

supported by findings that fungal species, including the 

aflatoxin-producers A. flavus and A. parasiticus, are 

isolated from the gut of T. castaneum and from live insect 

developmental stages (Kumari et al., 2011; Bosly and 

Kawanna, 2014; Bosly and El-Banna, 2015). However, a 

critical counter-story emerges from the finding that none 

of the flour-contaminant fungi were isolated from the 

beetles in this study. This result could be explained by the 

earlier work showing that no microfloral growth occurred 

from surface-disinfected eggs and intestines of T. 

confusum (van Wyk et al., 1959). This leads to the 

critical argument that the previous studies may have 

simply isolated contaminants (fungi and aflatoxins) from 

non-surface-sterilized insects, suggesting that the insects 

are passive carriers of the contaminants found in the 

flour. 

 From a food safety and public health 

perspective, the tested wheat flour experienced severe 

and highly uniform contamination by aflatoxins (AFs), 

suggesting the flour is likely unfit for consumption. 

Moreover, the measured mean AFB (~7.8 to 9.5 ppb) and 

total AFs (~19.18 ppb) levels far exceed strict global 

regulatory limits, such as the European Union's 2 ppb for 

AFB-1 and 4 ppb for total AFs, United States (US)’s 20 

ppb for total AFs, however, or the Tanzania Bureau of 

Standards' 5 ppb for  AFB-1 and 10 ppb for total AFs 

(Gong et al., 2015). Statistically, the extremely high 

effect sizes indicate that the contamination was highly 

uniform across the sampled flour. Additionally, the 

massive mean difference between the AFB (∼7.8 to 9.5 

ppb) versus AFG (∼0.8 to 0.9 ppb) families suggested 

that the specific strains contaminating the flour (likely 

Aspergillus) may be preferentially producing the highly 

carcinogenic AFB family over the AFG family under 

consistent, favorable storage conditions. Although AFs 

(B1 and B2) were detected in non-infested flour, the 

severity of mycotoxin contamination is significantly 

increased by insect infestation (C. cephalonica, E. 

kuehniella, and T. confusum), separately and in 

combination (Gabarty and Abou El Nour, 2016). 

Recently, contamination of the flours and cereals with 

fungi and mycotoxins, worldwide, has been 

comprehensively reviewed by a research team. They 

concluded that the flour imported from China and 

European Union (EU) contain significant reduced 

mycotoxin concentration when compared to other flours 

(Deligeorgakis et al., 2023). 

 Crucially, our antagonistic results demonstrated 

that both isolated bacteria, B. gladioli and B. 

amyloliquefaciens, were able to inhibit the growth of all 

fungi isolated from the flour. Statistically, the high effect 

sizes (d = 2.29–7.34) revealed that B. gladioli is a far 

superior antagonist against the highly toxigenic 

Aspergillus species. Conversely, B. amyloliquefaciens 

was the superior antagonist against P. citrinum (negative 

effect size, d = -3.07). These findings demonstrate that a 

combination of the two bacterial species would provide a 

comprehensive biocontrol strategy against the diverse 

fungal threats in stored flour. The consistent presence of 

high effect sizes for both bacteria on the tested fungi 

presents supporting evidence, suggesting their potential 

to alter the internal microbial environment of the insect 

and prevent it from serving as an intermediate host for 

mycotoxin-producing fungi. However, more in-depth 

investigations are required for good understanding of the 

specific mechanism. Agreeable results reported the 

potent, broad range antifungal activity of B. gladioli (Lin 

et al., 2021; Wang et al., 2023; Yang et al., 2023) and B. 

amyloliquefaciens (Soliman et al., 2022; Qi et al., 2023; 

Li et al., 2024) against variable mycotoxic and 

pathogenic fungi. Both bacteria have been reported to 

exert antifungal activity via production of a variety of 

bioactive materials (Wang et al., 2023; Yang et al., 2023; 

Li et al., 2024).  

Conclusions: Conclusively, combined and integrated 

data of molecular, phylogenetic and morphological 

investigation succeeded in identification of 8 fungal and 2 

bacterial species. Seven fungal species (including 2 

mycotoxins producing fungi) and 4 types of aflatoxins 

were isolated from the infested flour. One different 

fungal and 2 bacterial species were isolated from insect 

developmental stages. Neither flour-fungi nor aflatoxin 

was detected in insects. Both insect bacterial species 

could antagonist the 7 flour-fungi. These findings 

suggested that the insect role may be limited to 

mechanical transmission of fungi and mycotoxins. It may 

help in developing a powerful strategy for overwhelming 

the fungal and mycotoxin contamination of the flour and 

foods. 
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