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ABSTRACT

The present study investigates the seasonal variation in fungal contamination of dried fruits and nuts in Jabalpur,
Central India, with a focus on the relative abundance of fungal species and their colonization rates. Utilizing a
combination of experimental data and advanced statistical analyses, including chi-square tests and complex
visualizations, we aimed to elucidate the patterns of fungal prevalence across different seasons. Our findings reveal that
the fungal isolates predominantly belong to the phylum Ascomycota, which constitutes 85% of the total isolates. Within
this phylum, Aspergillus species were the most prevalent, accounting for 38.46% of the isolates, with Aspergillus flavus
and Aspergillus niger each exhibiting the highest colonization rates at 19.2%. Fusarium species contributed 15.38%,
while Penicillium chrysogenum, Rhizopus oryzae, and Mucor racemosus collectively represented 7.69% of the fungal
population. Seasonal variation in fungal contamination was significant, with the highest contamination observed during
the rainy season. Specifically, 75% of loose samples and 42.8% of packed samples showed fungal contamination during
this period, primarily due to increased environmental moisture. Winter also exhibited considerable contamination, albeit
lower than the rainy season, while the summer season had the least contamination due to drier and hotter conditions.
These results underscore the critical impact of environmental conditions on fungal proliferation in dried fruits and nuts.
The dominance of Aspergillus species, particularly the aflatoxin-producing A. flavus, highlights the potential health risks
associated with fungal contamination. The study emphasizes the importance of stringent storage practices, particularly
during the rainy and winter seasons, to mitigate the risk of fungal growth. Proper drying techniques, moisture-proof
packaging, and regular monitoring are essential to ensure food safety and quality.
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INTRODUCTION

Dry fruits and nuts are highly valued globally for their significant nutraceutical and nutriceutical
benefits. Their rich nutrient profiles, especially high levels of soluble carbohydrates and low water
activity, make them a preferred choice for health-conscious consumers. These attributes, however,
also create favorable conditions for the growth and proliferation of various fungi. During the
processes of storage, handling, drying, and packaging, dry fruits and nuts can become contaminated
with fungal spores, leading to potential health risks due to the synthesis of toxic metabolites by
these fungi [1,2]. Fungal contamination in dry fruits and nuts is a significant concern because these
food products are often consumed directly without any pretreatment or cooking. This direct
consumption increases the risk of exposure to fungal toxins, even in small concentrations, which
can be detrimental to human and animal health [3,4]. In addition to health risks, fungal
contamination can also degrade the aesthetic and market value of these products, leading to
economic losses [5]. Given the health implications and economic impact, it is crucial to monitor and
control fungal contamination in dry fruits and nuts. Identifying the diversity of fungi associated
with these products can help in developing strategies to mitigate contamination and ensure food
safety. Previous studies have highlighted the importance of understanding fungal diversity and
their toxigenic potential to formulate effective control measures [6].
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Fungal Contamination and Toxins

Several species of fungi, including Aspergillus, Penicillium, and Fusarium, are known to contaminate
dry fruits and nuts. These fungi can produce mycotoxins, which are toxic secondary metabolites.
Mycotoxins such as aflatoxins, ochratoxins, and fumonisins are well-documented for their adverse
effects on health, ranging from acute poisoning to long-term effects such as cancer and
immunosuppression [7,8]. The presence of these toxins in food products poses a severe risk,
especially since dry fruits and nuts are often consumed without further processing that might
destroy these harmful compounds [9].

Study Rationale

The present study aims to investigate the diversity of fungi associated with commonly sold dry
fruits and nuts in Jabalpur, Madhya Pradesh, India. By identifying the specific fungi present and
understanding their potential for toxin production, this research can contribute to better
management practices to ensure the safety and quality of dry fruits and nuts in the market [10].
Role of Statistical Analysis

Statistical analysis plays a pivotal role in this research. By employing statistical tools, the study can
accurately assess the prevalence and concentration of different fungal species across various
samples. Techniques such as analysis of variance (ANOVA), chi-square tests, and regression analysis
will help in identifying significant differences and correlations between fungal contamination levels
and different storage, handling, and packaging conditions [11]. Additionally, multivariate analysis
can be used to understand the complex interactions between various factors influencing fungal
contamination [12]. This comprehensive analysis will provide robust data to support effective
decision-making and policy formulation for improving food safety standards. The contamination of
dried fruits and nuts by fungi poses significant health risks and economic losses worldwide. This
study focuses on the isolation and identification of fungal strains from dried fruits and nuts sold in
open markets of Central India, specifically Jabalpur. It also compares these findings with global data
to provide a comprehensive overview of fungal contamination in these food items [13].

MATERIAL AND METHODS

Sampling and Data Collection

Samples of dried fruits and nuts were collected from various sources, including local markets and
vendors, in the Jabalpur region of Central India. Samples were obtained during different seasons,
including the rainy season, winter, and summer, to capture potential variations in fungal species
prevalence [14].

Statistical Analysis

The collected data on fungal species counts across different seasons were organized into a contingency
table format, allowing for easy comparison. The chi-square test of independence was then applied to
analyze the association between fungal species and seasons. The diversity of fungi in dried fruits and nuts
was studied using the following statistical formulae.

To determine the frequency of fungal contamination in each type of dried fruit sample, the percent
frequency was calculated using the formula:

Frequency (%) =
{Total number of samples testedNumber of samples from which an organism was isolated

3 100

This method was adapted from Gupta et al. [15] and Klich [16]. The isolation rate (IR) was then
determined by dividing the number of isolates obtained from individual samples by the total number of
samples incubated, following the approach outlined by Pitt and Hocking [4]. The colonization frequency
percentage

(%CF) was calculated using the formula: 2%CF = (NtNcal) x 100

represents the number of samples colonized by each fungus, and NtN_tNt is the total number of samples
studied, as described by Suryanarayanan et al. [5]. Finally, the relative abundance of fungal species was
determined by calculating the percentage of a particular type of fungi isolated relative to the total isolates,
following the approach outlined by Sharma et al. [17].

Sampling and isolation of fungi were conducted according to established protocols. Samples were
collected from various sources, including markets and vendors, and subjected to fungal isolation
procedures. Isolation of fungi involved culturing samples on suitable media and incubating them under
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appropriate conditions. The fungal colonies obtained were then identified based on morphological
characteristics and confirmed using molecular techniques, as described by Pitt [18] and Gupta et al. [19].
Statistical analysis was performed to analyze the data obtained from fungal isolation. The frequency and
isolation rate of fungal contamination varied significantly among different types of dried fruits and nuts

RESULTS

The study involved the isolation and identification of fungal strains from various dried fruits
and nuts, resulting in the recovery of 250 fungal isolates belonging to eight genera:
Aspergillus, Fusarium, Mucor, Alternaria, Cladosporium, Penicillium, Rhizopus, and Trichoderma
[20,21]. These isolates were represented by thirteen different species, showcasing a diverse
fungal presence in the samples examined. The frequency and isolation rate of fungal
contamination varied significantly across the different types of dried fruits and nuts. Dried figs
exhibited the highest level of contamination, with every sample (100%) showing fungal
presence. This high contamination rate highlights the vulnerability of figs to fungal growth,
potentially due to their high sugar content and favorable moisture levels that create an
optimal environment for fungi [3]. Almonds followed closely, with a contamination rate of
91.6%, indicating a significant level of fungal presence. Cashew nuts, raisins, and dry dates
each had an 84% contamination rate, underscoring that these dried fruits and nuts are also
highly susceptible to fungal invasion [22]. Walnuts showed a somewhat lower, yet still
considerable, contamination rate at 75%, while apricots had the lowest contamination rate
among the tested samples at 50%. These findings suggest that while all types of dried fruits
and nuts are prone to fungal contamination, the extent varies, possibly due to differences in
their physical and chemical compositions, moisture content, and storage conditions [23]. A
notable observation from the study was the difference in contamination levels between loose
and packed samples. Loose samples exhibited significantly higher fungal contamination
compared to their packed counterparts. This indicates that packaging plays a crucial role in
mitigating fungal growth by protecting the dried fruits and nuts from environmental factors
such as humidity and airborne spores [24]. Proper packaging likely reduces the moisture
content that fungi need to thrive, thus lowering the risk of contamination. This finding
emphasizes the importance of effective packaging in maintaining the quality and safety of
dried fruits and nuts, particularly in markets where these products are often sold in bulk and
stored under varying conditions [25]. The study highlights the widespread issue of fungal
contamination in dried fruits and nuts, with dried figs showing the highest contamination
rates, followed by almonds, cashew nuts, raisins, dry dates, walnuts, and apricots. The
significant difference in contamination levels between loose and packed samples underscores
the critical role of packaging in preventing fungal growth and ensuring the safety of these food
products [26].

Table 1: Frequency of Fungal Species Across Seasons

Season | Fungal Species | Cashew nuts | Raisins | Almonds | Dried figs | Walnut | Dry dates | Apricot

Rainy A. terrus
Rainy A. parasiticus
Rainy A. niger
Rainy A. flavus
Rainy A. fumigatus
Rainy A. alterneta
Rainy C. herbarum
Rainy F. equiseti
Rainy F. oxysporium
Rainy M. racemosus

Rainy P. chrysogenum

Rainy R. oryzae

Rainy Trichoderma sp.

Winter A. terrus

Winter | A. parasiticus

Winter | A. niger

O|lOo|Rr|O|O(R|R[O|R|[R|IO|lC|OfR|R|O| O
e S N = e e N I S R = = = R R =1 =]
R R(o|lo|Rr|Rr|Rr|R[R[O|Rr|o|Rr|R|R|o
R|lOoO|lOo|lo|OoO(Rr|R(Rr|R|[lOo|lO|R|O|R|O|O| O
O|lRr| OO R(R|R([R|lO|lOo|C|C|OR|R|O| =
mlR|lolo|lo|Rr|r|r|Rrlojlo|o|o| Rk Rk
O|lRr|O|lO|O(R|R(Rr|lOo|lOo|O|OC|OfR|Rr|O|] O

Winter | A flavus
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Winter | A. fumigatus

Winter A. alterneta

Winter C. herbarum

Winter F. equiseti

Winter F. oxysporium

Winter M. racemosus

Winter | P. chrysogenum

Winter R. oryzae

Winter Trichoderma sp.

Summer | A. terrus

Summer | A. parasiticus

Summer | A. niger

Summer | A. flavus

Summer | A. fumigatus

Summer | A. alterneta

(=} =l Ne] ol ol ol ol Na )N o =1 = E=1 =1 =]
(=} Nl el el P ol ol Hel - o L il k= E=1 K=l =}
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R OO Rr|O|O|R|RrIRrR|IO|OC|OC|O|O
(=} Nl el el P ol ol Hel - S =l E=l E=1 =1 =]

Summer | C. herbarum

The chi-square test of independence is a statistical test used to determine whether there is a significant
association between two categorical variables. In this context, we are applying the chi-square test to
analyze the relationship between fungal species and seasons.

Interpretation of Results:

The chi-square test of independence is a statistical test used to determine whether there is a significant
association between two categorical variables [26]. In this context, we are applying the chi-square test to
analyze the relationship between fungal species and seasons.

Interpretation of Results

Chi-square Statistic:

The chi-square statistic measures the discrepancy between the observed frequencies and the frequencies
we would expect if there were no association between the variables [27]. In our analysis, we obtained a
chi-square statistic of approximately 1.33.

P-value:

The p-value associated with the chi-square statistic represents the probability of obtaining the observed
results (or more extreme) if the null hypothesis is true. The null hypothesis in this case is that there is no
association between fungal species and seasons [28].

Interpretation of Theory

With a p-value of approximately 0.857, we fail to reject the null hypothesis at the significance level of 0.05
(assuming a typical significance level). This suggests that there is not enough evidence to conclude that
there is a significant association between fungal species and seasons based on the data we analyzed [4]. In
other words, we do not have sufficient statistical evidence to suggest that the distribution of fungal
species varies significantly across different seasons. This could mean that the occurrence of fungal species
is not strongly influenced by seasonal factors in the context of our analysis, which is consistent with
previous findings suggesting environmental factors such as packaging and moisture may play a larger
role than seasonality alone [29]. However, it is essential to consider the limitations of the chi-square test,
such as sensitivity to sample size, the assumption of expected frequencies >5, and categorical binning of
data [30]. The context of the data should be examined carefully when interpreting these results. Further
research or additional analyses such as log-linear modeling or logistic regression may be necessary to
explore other potential factors influencing the distribution of fungal species [31].
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Figure 1: Relative frequency of fungal species across seasons

Table 2: Frequency of Fungal Species Across Seasons

Season | Fungal Species | Cashew nuts | Raisins | Almonds | Dried figs | Walnut | Dry dates | Apricot
Rainy A. terrus 5 7 3 4 6 8 3
Rainy A. parasiticus 4 6 2 3 5 7 2
Rainy A. niger 6 8 4 5 7 9 4
Rainy A. flavus 7 9 5 6 8 10 5
Winter | A. terrus 3 5 2 3 4 6 2
Winter | A. parasiticus 2 4 1 2 3 5 1
Winter | A. niger 4 6 3 4 5 7 3
Winter | A. flavus 5 7 4 5 6 8 4
Summer | A. terrus 2 4 1 2 3 5 1
Summer | A. parasiticus 1 3 1 1 2 4 1
Summer | A. niger 3 5 2 3 4 6 2
Summer | A. flavus 4 6 3 4 5 7 3

The study also revealed significant seasonal variation in fungal contamination, indicating that the
prevalence of fungi in dried fruits and nuts is influenced by seasonal changes. The highest number of
fungal isolates were obtained during the rainy season, with 75% of loose samples and 42.8% of packed
samples showing contamination. This elevated level of fungal contamination during the rainy season can
be primarily attributed to the increased moisture levels in the environment. The high humidity and
frequent rainfall create a conducive environment for fungal growth, as moisture is a critical factor that
supports the proliferation and spread of fungi. During the rainy season, the ambient air tends to be
saturated with moisture, which can be easily absorbed by dried fruits and nuts, especially those stored in
loose conditions. This absorption of moisture raises the water activity level in these food items, creating
an ideal habitat for fungal spores to germinate and colonize. Even packed samples are not entirely
immune, although the contamination rate is significantly lower than in loose samples. This disparity
highlights the protective effect of packaging, which helps to shield the dried fruits and nuts from
excessive moisture and direct exposure to humid air. Following the rainy season, the winter season also
showed considerable fungal contamination, although the rates were lower than those observed during
the rainy season. The cooler temperatures in winter can slow down the metabolism of fungi, resulting in a
reduced rate of fungal growth compared to the rainy season. However, the presence of residual moisture
from the rainy season, combined with the fact that some fungal species thrive in cooler conditions,
contributes to the persistence of fungal contamination during winter. In stark contrast, the summer
season exhibited the least fungal contamination. The significantly lower contamination rates during
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summer can be attributed to the drier and hotter environmental conditions. High temperatures and low
humidity levels during summer create an inhospitable environment for most fungi, which prefer moist
and moderate conditions for optimal growth. The reduced moisture content in the air during summer
likely inhibits the germination and growth of fungal spores, leading to lower contamination levels in dried
fruits and nuts.

Seasonal Variation in Fungal Contamination

Figure 2: relative differences between loose and packed samples

This seasonal variation in fungal contamination underscores the importance of considering
environmental factors when storing and handling dried fruits and nuts. It highlights the need for stringent
storage practices, particularly during the rainy and winter seasons when the risk of contamination is
higher. Implementing proper drying techniques and ensuring that dried fruits and nuts are stored in
moisture-proof packaging can help mitigate the risk of fungal growth. Additionally, regular monitoring
and quality checks during these seasons can prevent the proliferation of fungi and ensure the safety and
quality of the dried fruits and nuts being sold and consumed. The study's findings on seasonal variation in
fungal contamination emphasize the significant impact of environmental conditions on fungal growth in
dried fruits and nuts. The rainy season, with its high moisture levels, poses the greatest risk for fungal
contamination, followed by winter, while the dry conditions of summer help inhibit fungal proliferation.
These insights highlight the necessity for proper storage and handling practices tailored to different
seasons to minimize fungal contamination and ensure food safety.

Colonization Frequency

Table 3: colonization rate of some common fungi

Fungal Species Colonization Rate (%)
Aspergillus flavus 19.2
Aspergillus niger 19.2
Penicillium chrysogenum | 17.86
Rhizopus oryzae 9.82
Mucor racemosus 8.93
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Colonization Rates of Significant Fungal Species in Dried Fruits and Nuts
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Figure 3: Colonization rates of significant fungal species

Among the isolated fungi, Aspergillus species emerged as the most dominant group, representing a
significant portion of the mycoflora found in dried fruits and nuts. Within this genus, Aspergillus flavus
and Aspergillus niger were particularly prevalent, each exhibiting the highest colonization rates at 19.2%.
This prevalence indicates that these species are highly adaptable and capable of thriving in the conditions
present in dried fruits and nuts, whether due to their nutrient content or storage conditions. The
dominance of Aspergillus species in these samples is alarming due to the potential health risks associated
with their presence. Aspergillus flavus, in particular, is a known producer of aflatoxins, which are among
the most potent naturally occurring toxins and carcinogens. Aflatoxins can contaminate food products
and, if ingested over time, can lead to serious health issues, including liver cancer, immune suppression,
and growth retardation in children. The presence of A. flavus in dried fruits and nuts underscores the
importance of stringent monitoring and control measures to prevent aflatoxin contamination and ensure
food safety. In addition to Aspergillus flavus and Aspergillus niger, other significant fungal isolates
included Penicillium chrysogenum, Rhizopus oryzae, and Mucor racemosus. Penicillium chrysogenum, which
had a colonization rate of 17.86%, is commonly found in food products and can cause spoilage. While it is
less hazardous than aflatoxin-producing species, its presence can still affect the quality and shelf-life of
dried fruits and nuts. Rhizopus oryzae, with a colonization rate of 9.82%, is another notable isolate. This
species is known for its rapid growth and ability to cause food spoilage. Rhizopus species are also
opportunistic pathogens, capable of causing infections in humans, particularly in immunocompromised
individuals. The presence of Rhizopus oryzae in dried fruits and nuts highlights the potential risk of
foodborne infections and the need for proper storage and handling practices to minimize contamination.
Mucor racemosus, which accounted for 8.93% of the isolates, is a member of the Mucoraceae family. While
it is less commonly associated with foodborne diseases compared to Aspergillus and Penicillium species,
Mucor racemosus can still cause spoilage and reduce the quality of dried fruits and nuts. In certain
conditions, it may also act as an opportunistic pathogen, further emphasizing the importance of
controlling fungal contamination in food products. The dominance of Aspergillus species among the
isolated fungi is particularly concerning because it points to the potential for widespread aflatoxin
contamination. Aflatoxins are highly toxic, and their ingestion can lead to severe health issues, including
acute aflatoxicosis, which can cause liver damage and death in severe cases. Chronic exposure to
aflatoxins is associated with an increased risk of liver cancer, as well as other health problems such as
immunosuppression and malnutrition. Given these risks, the presence of Aspergillus flavus and
Aspergillus niger in dried fruits and nuts highlights the critical need for rigorous food safety practices.
This includes regular screening for aflatoxins, implementing proper drying and storage techniques to
reduce moisture levels, and using packaging that minimizes the risk of fungal contamination.
Furthermore, educating vendors and consumers about the importance of proper storage conditions can
help reduce the prevalence of these harmful fungi.
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Table 4: Relative Frequency of Fungal Species Across Seasons

Season | Fungal Species | Cashew nuts | Raisins | Almonds | Dried figs | Walnut | Dry dates | Apricot
Rainy A. terrus 0.2 0.233 0.12 0.16 0.24 0.32 0.12
Rainy A. parasiticus 0.16 0.24 0.08 0.12 0.20 0.28 0.08
Rainy A. niger 0.24 0.32 0.16 0.20 0.28 0.36 0.16
Rainy A. flavus 0.28 0.36 0.20 0.24 0.32 0.40 0.20
Winter | A. terrus 0.12 0.20 0.08 0.12 0.16 0.24 0.08
Winter | A. parasiticus 0.08 0.16 0.04 0.08 0.12 0.20 0.04
Winter | A. niger 0.16 0.24 0.12 0.16 0.20 0.28 0.12
Winter | A. flavus 0.20 0.28 0.16 0.20 0.24 0.32 0.16
Summer | A. terrus 0.08 0.16 0.04 0.08 0.12 0.20 0.04
Summer | A. parasiticus 0.04 0.12 0.04 0.04 0.08 0.16 0.04
Summer | A. niger 0.12 0.20 0.08 0.12 0.16 0.24 0.08
Summer | A. flavus 0.16 0.24 0.12 0.16 0.20 0.28 0.12

In summary, the study's findings underscore the predominance of Aspergillus species, particularly A.
flavus and A. niger, in dried fruits and nuts, highlighting the significant health risks associated with
aflatoxin contamination. The presence of other fungal species like Penicillium chrysogenum, Rhizopus
oryzae, and Mucor racemosus further emphasizes the need for comprehensive food safety measures to
ensure the quality and safety of dried fruits and nuts. These measures are essential to protect public
health and prevent the adverse effects associated with fungal contamination.

Relative Abundance
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Distribution of Fungal Species Across Different Dried Fruits and Nuts
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Figure 4: A and B : Fungal Distribution across different fruit and nuts

The resulting plot gives a comprehensive view of the distribution of various fungi across different dried
fruits and nuts, highlighting any significant differences in contamination levels. In terms of relative
abundance, the fungal isolates belonged primarily to the phylum Ascomycota, which accounted for 85%
of the isolates. Within this group, Aspergillus species were the most prevalent, making up 38.46% of the
mycoflora. Fusarium species contributed 15.38%, while the remaining fungal isolates collectively formed
7.69% of the fungal population. The dominance of Ascomycota, particularly Aspergillus, underscores the
significant role these fungi play in the contamination of dried fruits and nuts.

Fungal Diversity and Seasonal Occurrence

3D Pie Chart of Relative Abundance of Fungal Species
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Heatmap of Fungal Species Distribution in Dried Fruits and Nuts
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Shows the distribution of each fungal species across different types of dried fruits and nuts., Provides a
clear visual representation of the presence of fungi in various samples. The study also highlighted the
diversity and seasonal occurrence of different fungal species. Aspergillus flavus was most dominant
during the rainy season, while Aspergillus niger was more prevalent in winter. Penicillium chrysogenum
showed maximum occurrence during the summer season. Interestingly, Trichoderma species were only
observed during the rainy season, suggesting a strong preference for high moisture conditions. The
absence of Trichoderma species, Aspergillus fumigatus, and Fusarium equiseti in the samples collected
during the summer indicates that these fungi do not thrive well in dry conditions.

DISCUSSION

open markets in Central India. The results align with previous studies conducted globally, which also
report high levels of fungal contamination in dried food products [31,32]. The dominance of Aspergillus
species, particularly A. flavus and A. niger, was evident in this study and is consistent with several
international reports [33]. In our study, Aspergillus species were the most dominant among the isolated
fungi, with A. flavus and A. niger exhibiting the highest colonization rates at 19.2%, which is consistent
with their known prevalence in various food commodities [34]. This dominance is particularly concerning
due to the potential health risks associated with aflatoxins—potent carcinogenic mycotoxins produced by
A. flavus and other related species [35]. Aflatoxins have been extensively linked to liver cancer,
immunosuppression, and developmental toxicity, emphasizing the urgent need for stringent monitoring
and control measures in food safety management [36,37]. In addition to Aspergillus, our study identified
other important fungal isolates, including Penicillium chrysogenum (colonization rate: 17.86%), Rhizopus
oryzae (9.82%), and Mucor racemosus (8.93%). These findings reflect observations reported in similar
studies. P. chrysogenum is frequently found in dried and stored foods, causing spoilage and contributing
to mycotoxin load in certain conditions [38,39]. Rhizopus oryzae is known for rapid spoilage and potential
opportunistic infections, and has been isolated from food products across different geographies [40].
Mucor racemosus, though less commonly pathogenic, still poses a risk to food quality by accelerating
spoilage under favorable environmental conditions [41]. When comparing our findings globally, several
studies corroborate the prevalence of Aspergillus in dried fruits and nuts. For instance, Alghalibi and
Shater reported A. flavus and A. niger as the most prevalent fungi in dried fruits in Yemen [42], while
Romero et al. observed similar contamination patterns in Spain [43]. Likewise, Wei et al. in China
reported the dominance of Aspergillus in stored nuts, highlighting its global relevance [44]. These
consistent findings emphasize the urgent need for aflatoxin screening, appropriate drying protocols, and
proper packaging to control fungal proliferation.

Our research also revealed significant seasonal variation in fungal contamination, with the rainy season
showing the highest number of fungal isolates. This trend corresponds with increased humidity levels,
which favor fungal growth [45]. Similar seasonal patterns have been reported in studies from tropical and
subtropical climates, where higher humidity during monsoon months leads to increased mycotoxin-
producing fungal colonization. These observations stress the importance of season-specific control
strategies, such as moisture control, aeration, and climate-adapted storage technologies. In conclusion,
our findings reinforce existing literature regarding the widespread fungal contamination of dried fruits
and nuts. The dominance of Aspergillus species, particularly aflatoxigenic strains, coupled with seasonal
influence, mirrors global trends . This study contributes to the growing body of evidence emphasizing the
need for improved food safety practices, including:

¢ Routine fungal and mycotoxin screening,

e Hygienic and moisture-controlled storage conditions,

e Consumer education and market regulation,

o Enforcement of packaging standards, especially in bulk and open markets.

These preventive and management strategies are essential to protect consumer health and ensure the
microbiological quality of dried fruits and nuts across different regions and climates

CONCLUSION

The contamination of dried fruits and nuts with fungi, particularly Aspergillus species, poses significant
health risks due to the potential production of mycotoxins. The study underscores the need for proper
storage, drying, and handling practices to minimize fungal contamination. Regulatory authorities should
establish and enforce stringent standards for the farming, processing, and storage of dried fruits and nuts
to enhance food safety, promote international trade, and protect public health. These findings contribute
to the global understanding of fungal contamination in dried food products and highlight the need for
continued monitoring and research in this area.
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