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Abstract

Maize is Eswatini’'s most important crop, but it faces problems like insufficient production and low productivity due to climate change, poor
management practices, and susceptibility to mycotoxin contamination. Mycotoxins are secondary metabolites produced by fungi that thrive in the
warm, humid conditions common in Eswatini and contaminate maize from the field to storage. Three hundred and twenty (320) maize samples were
collected from the drying structures and storage facilities of farmers contracted with the National Maize Corporation (NMC). Ninety (90) of these
samples were randomly chosen and analyzed using Thin-layer Chromatography (TLC) to test for mycotoxins. The results showed that 42.8% of the
samples contained aflatoxins (AFB1, AFB2, AFG1, and AFG2) and Zearalenone. The study found that farmers often lack proper storage facilities,
which creates an environment that is conducive to fungal growth and mycotoxin contamination. This poses a health risk to maize consumers in
Eswatini, and the study suggests that proper regulation guidelines are needed to reduce these associated risks.
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Introduction

Food contamination by either biological, chemical, or physical
contaminants are common cause of food poisoning, spoilage, and
other losses [1]. Climate change, poor management practices from
field to storage and susceptibility to mycotoxin contamination of
the maize grain are among the major concerns in maize production
[2]. Mycotoxins are secondary metabolites affecting the maize crop
from the fields to storage produced by fungal pathogens such as
Aspergillus flavus and Fusarium verticillioides which prefer warm
and humid climatic conditions which are common in Eswatini
[3]. Fungi of the genera Fusarium and Aspergillus are of economic
importance in maize [4]. Over 300 mycotoxins have been identified

[5]-
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Food that tested positive for mycotoxins is deemed not suitable for
both human and animal consumption due to chronic effects they
bring to health [6]. The susceptibility of maize to mycotoxin has
notable health risks to consumers and a threat about sustainability
to local producers. Maize is now more prone to mycotoxin toxicity
in the world because of the negative impacts brought by climate
change [7]. They further supported their claim in that this could be
attributed to the fact that more insect pests, in the climate change
era, survive in areas outside their area of origin which normally do
not have the natural enemies for that crop pest. Maize borer and
other stalk-boring maize pests increases the susceptibility of the
maize to Fusarium spp. which are the major causes of stalk and ear
rot resulting in increased levels of mycotoxin accumulation [8].
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Eswatini is divided into four major agro-climatic zones which
are namely the highveld, middleveld, Lowveld and the Plateau [9].
The middleveld is further divided into two zones which are the
higher middleveld (wet middleveld) and lower middleveld (dry
middleveld) while the lowveld consists of the eastern and western
lowveld [10]. Most maize production is arguably done in the
middleveld [11]. The highveld is the agro-ecological zone with the
greatest potential for crop production [10]. The highveld receives
the highest annual rainfall of 900mm while the upper middleveld
and lubombo plateau receive 700mm annually per region and
western lowveld receives 450mm annually [12]. Maize production
in the highveld is affected by acidic soils because of excessive
leaching [13]. The annual mean temperatures for the highveld and
lowveld are 170C and 220C respectively [14].

Maize is the primary crop in the Kingdom of Eswatini, covering
80% of cultivated land and mainly grown for subsistence [15].
However, despite being the dominant crop in Eswatini’s agricultural
sector that plays a vital role in sustaining the livelihoods of its

more than one million people, the nation persistently struggles to
achieve self-sufficiency in maize, with suboptimal farming practices
contributing significantly to this shortfall [10]. These risks might
have detrimental effects on trade and economic growth in a country
like Eswatini that is somehow dependant in agriculture [16].
Information on mycotoxin food contamination is limited in Eswatini
although contamination may occur in the field or postharvest stages
of the crop [17]. The purpose of the study was, therefore; to assess
the prevalence of mycotoxins in locally produced maize in Eswatini.

Materials and Methods
Study Area

The study was conducted in the kingdom of Eswatini, targeting
all four geographic regions of the country which were divided
into six subdivisions of agro-ecological zones (highveld, upper
middleveld, lower middleveld, western lowveld, eastern lowveld
and Lubombo plateau) (Figure 1).

k

Figure 1: Locations Where Samples Were Collected from Local Farmers.

Tool for Data Collection and Procedure

Samples were collected from drying cribs and storage containers
to test for the presence of mycotoxins. Physical observations on the
condition of drying structures and storage structures were done
during collection of samples. Samples were collected between
August 2023 and May 2024.

Sampling procedure: The target population for this study
was the active contracted maize farmers from the National Maize
Corporation’s database in 2023. A stratified random design

was used to get samples according to six agroclimatic regions of
Eswatini (western lowveld, eastern lowveld, upper middleveld,
lower middleveld, highveld and the Lubombo plateau). A semi-
structured questionnaire was administered from the survey
population and results were recorded for analysis. A total of 320
samples were collected from 156 farmers from a population of 253
contracted farmers from NMC’s 2023 farmer database which was
calculated using Yamane’s (1967) formula [18]. The 320 samples
were then reduced to 90 samples which were randomly selected for
TLC analysis (Table 1).
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Table 1: Maize samples collected, and proportion of samples tested for mycotoxin contamination.

Agroclimatic Zone Number of Samples Collected Number of Samples Analyzed (TLC)

Lubombo Plateau 38 12
Highveld 120 23
Upper Middleveld 88 20
Lower Middleveld 28 14
Eastern Lowveld 24 11
Western Lowveld 22 10
Totals 320 90

Sample preparation and TLC analysis: Steps outlined for
Thin-layer Chromatography (TLC) were followed [19]. 500 grams
of each sample was ground into fine powder that can pass through
a 0.85mm sieve by a Ramtoms blender. 50 grams of weighed sample
were transferred into a blender. 250 ml of methanol was added into
the sample which was then stirred for 2 minutes using a blender. 50
ml of hexane and sodium chloride were added as the polarization
process continued. The mixture was shaken in a funnel and fumes

released using a knob which was followed by extraction of the
bottom layer of the sample. 125 ml of the extract was put into a
separating funnel followed by the addition of 50ml of chloroform,
5 grams of cupric carbonate and 5 grams of sodium sulphate. Anti-
bumping granules were added into a round bottom flask to the vial
and filtered through a 12.5cm filter paper which was then heated
until it disappeared on a heating mantle (Figure 2).

~

Figure 2: Filtration of Sample Solutions Through a Filter Paper.

)

2 ml of chloroform were added to the vial and then taken to a
dark room for 5 minutes shaking on a shaker. It was then plotted
on a TLC plate (Thin Layer Chromatography plate) to determine
the presence of mycotoxins (B1, B2, G1, G2 and Zearalenone). The
TLC plate was then inserted into a developing tank until it was
fully soaked, and ultraviolet light was used to detect presence of
mycotoxins. The presence of mycotoxin was found using visual
comparisons with mycotoxin standards.

Data analysis: The data obtained was analyzed using

descriptive statistics. Percentages and frequency counts were used
in analyzing results.

Results
Type and Location of Storage Structures

About 53.3% of the farmers interviewed use metal tanks for
maize storage whilst the least number of farmers (4.9%) use plastic
tanks which are mostly (11.8%) used by farmers from the Lubombo
plateau which are followed by farmers from western lowveld at
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10%. About half of the respondents (50.1%) store their maize at  structures and where animals are kept, with the rest storing their
an average distance ranging from 4 to 10 metres away from nesting maize above 10 metres away (Table 2).

Table 2: Maize Storage Structures of Interviewed Farmers from the Six Agroecological Zones.

Lubombo . 3 . Eastern Western
Plateau Highveld Upper Middleveld | Lower Middleveld Lowveld Lowveld Average
No. of Storage Structures 17 60 44 14 11 10 26
Sampled
Types of Storage Structures

Bins 5,90 1,70 4,50 35,70 36,40 30,00 19,00

Sacks 5,90 0,00 9,10 35,70 45,40 40,00 22,70

Metal Tanks 76,40 95,00 81,80 28,60 18,10 20,00 53,30
Plastic Tanks 11,80 3,30 4,50 0,00 0,00 10,00 4,90

Distance of storage from nesting structure
4 - 10 metres 70,60 8,30 43,20 64,30 54,50 60,00 50,10
Above 10 metres 29,40 91,70 56,80 35,70 45,50 40,00 49,90
Detection of Mycotoxins on Samples samples had more than one mycotoxin detected (Figure 3). Above

57% of the samples tested had no presence of the mycotoxins that
were tested with the Lubombo plateau having the least percentage
(41.7%) of negative samples (Figure 3).

The most prevalent single mycotoxin which was present in the
samples was aflatoxin G1 (AFG1) which was at 11.7 % while 14.1 %
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Figure 3: Mycotoxins detected from Maize Samples Collected in the study.
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Prevalence of Mycotoxins from Samples Collected from
Drying and Storage Structures

The presence of mycotoxins was mostly prevalent on storage
sacks at an average of 31.31%, with the lower middleveld and
western lowveld having the highestat 50,28% and 50% respectively
on this type of structure (Table 3). Most positive mycotoxins in
drying structures were detected on samples from floor mats with
an average of 18.02% but the Lubombo plateau had an alarming
43.08% on samples taken from roof tops (Table 3). Maize cribs
had the lowest (average of 2.37%) when compared to other
drying structures while metal tanks had the least positive samples

(average of 1.67%).

Frequency of Mycotoxins at Drying and Storage
Structures

Most positive samples (average 64.29%) were detected from
samples collected from storage structures when compared to
drying structures (Table 4). The most predominant mycotoxin at
drying was Zearalenone with a frequency of 60% while multiple
mycotoxins had a frequency of 90% at storage when compared
to its presence in drying structures. The most common single
mycotoxin at storage was AFB2 with a frequency of 80% from
samples collected from storage structures (Table 4).

Table 3: Prevalence of mycotoxins in maize from different drying and storage structures.

Lubombo Plateau Highveld Upper Middleveld | Lower Middleveld E:;t:;l; :’.‘(])(:Asr:/::: Average
Type of Drying or Storage Structure
Roof tops 43,08 0,00 0,00 0,00 16,67 0,00 9,96
Mats 14,23 19,81 20,00 12,43 16,67 25,00 18,02
Maize Crib 14,23 0 0,00 0,00 0,00 0,00 2,37
Field Drying 0,00 19,81 20,00 12,43 16,67 0,00 11,49
Bins 14,23 39,62 10,00 24,86 16,67 25,00 21,72
Sacks 14,23 0,00 40,00 50,28 33,32 50,00 31,31
Metal Tanks 0,00 0,00 10,00 0,00 0,00 0,00 1,67
Plastic Tanks 0,00 20,76 0,00 0,00 0,00 0,00 3,46
Table 4: Mycotoxins prevalence in maize from drying and storage structures.
Drying or Field Storage
Type of Mycotoxin

AFB1 30,00 70,00

AFB2 20,00 80,00

AFG1 27,00 73,00

AFG2 33,00 67,00

Zearalenone 60,00 40,00

Multiple Mycotoxins 10,00 90,00

None 70,0 30,00

Average 35,71 64,29

Discussion

The results of our study indicate that a majority of the farmers
(53.3%) in Eswatini rely on metal tanks for maize storage. This is
a positive finding, as metal tanks are generally more effective at
protecting grain from moisture, pests, and rodents compared to
more traditional methods [20]. The use of metal tanks is particularly
high in the Highveld (95.0%), Upper Middleveld (81.8%), and
Lubombo Plateau (76.4%) zones. This is likely due to the higher
rainfall and humidity in these regions, which necessitates better
storage to prevent spoilage.

In contrast, the use of sacks and bins is more prevalent in the
Eastern and Western Lowveld, as well as the Lower Middleveld.
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Sacks, in particular, are less protective and more susceptible to
moisture absorption and pest infestation, which can directly
contribute to mycotoxin development. Studies reported that insect
density and grain damage significantly increase in grain stored
in plastic tanks for more than six months [ 21]. The data shows
that 22.7% of farmers use sacks on average, with the Eastern
Lowveld having the highest usage at 45.4%. The highest number
of respondents who use bins for storage were found in the eastern
lowveld, lower middleveld and western lowveld at 36.4%, 35.7%
and 30% respectively. Storage in bins and sacks were reported to
promote insect infestation and increased grain damage because it
becomes difficult to control [22].
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Almost half of farmers interviewed (50.1%) had storage
structures found in unclean surroundings which were less than
10 metres away from nesting structures like poultry houses, cattle
kraals and other structures for keeping domestic animals. This
proximity increases the risk of contamination from rodents, birds,
and insects, which can introduce fungal spores and toxins into
the stored maize. Previous studies discovered that maize storage
structures found above ten metres away from these structures
had lower levels of mycotoxin contamination compared to closer
structures as close structures [23]. The high percentage of farmers
storing maize in close proximity to potential contaminant sources
is recorded in this study a serious concern for food safety.

The data on mycotoxin detection reveals a significant problem.
While 57% of samples tested negative for the specific mycotoxins,
a notable percentage of samples were contaminated. The high
prevalence of mycotoxins could be results of poor crop management
practices, improper harvesting and post-harvest handling [24].
The prevalence of aflatoxin G1 (AFG1) as the most common
single mycotoxin (11.7%) and the high percentage of samples
with multiple mycotoxins (14.1%) are particularly alarming. The
co-occurrence of multiple mycotoxins can have synergistic and
additive toxic effects, posing a greater health risk than a single
mycotoxin [25].

The results also highlight regional variations in contamination.
The warmest parts of the country; the eastern lowveld, western
lowveld, Lubombo plateau and lower middleveld had the highest
of the most prevalent mycotoxin (Aflatoxin G1) with 18.2%, 20%,
8.3% and 14.3% prevalence of Aflatoxin G1 respectively. The
coolest parts of Eswatini being the highveld and upper middleveld
had the lowest mycotoxin prevalence with 78.3% and 75% negative
samples respectively. These findings agree with previous study that
concluded that hot and dry weather conditions favor mycotoxin
development [26]. A combination of differences in environmental
factors, specific farming practices and/or storage practices between
the regions might have contributed to variation in contaminations
[27].

Mycotoxin prevalence is significantly higher in storage
structures than in drying structures. On average, 64.29% of positive
samples were from storage, compared to 35.71% from drying.
This indicates that while contamination begins during the drying
process, it is during storage that the mycotoxins proliferate and
reach high levels. The data shows a dramatic increase in multiple
mycotoxins (from 10% in drying to 90% in storage) and AFB2
(from 20% to 80%) during the storage period, confirming this
trend. The frequency of Zearalenone, however, was higher during
drying, which is in agreement with results of studies that suggested
this mycotoxin to be more associated with pre-harvest or early
post-harvest contamination [28].

Conclusion

The prevalence of mycotoxins on the analyzed maize samples
indicates that Eswatini maize consumers are in high risk of
mycotoxin health associated outcomes. The prevalence of diseases
and illnesses associated with hunger and lack of access to proper
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healthcare in the country may worsen the current conditions if
more consumers are exposed to consumption of contaminated
maize. Proper postharvest handling, relevant infrastructure, skills
and knowledge are key factors in mitigating the results of lack of
mycotoxin regulations in Eswatini.

Acknowledgement
None.

Conflict of Interest
No conflict of interest.

References

1. Nji QN, Babalola 00, Ekwomadu TI, Nleya N, Mwanza M (2022) Six Main
Contributing Factors to High levels of Mycotoxins Contamination in
African Foods. Toxins 14: 318.

2. Bhat R, Rai RV, Karim AA (2010) Mycotoxins in food and feed: Present
status and future concerns. Comprehensive Reviews in Food Science and
Food Safety 9(1): 57-81.

3. Shephard GS (2008) Determination of mycotoxins in human foods.
Chemical Society Reviews 37(11): 2468-2477.

4. Ankwasa EM, Francis I, Ahmad T (2021) Update on mycotoxin
contamination of maize and peanuts in East African Community
Countries. Jornal of Food Science and Nutrition 7(1): 001-010.

5. Alshannaq A, YuJH (2017) Occurrence, Toxicity, and Analysis of Major
Mycotoxin in Food. International Journal of Environmental Research and
Public Health 14(6): 632.

6. Dlamini C, Earnshaw D, Assefa Y (2022) Temporal Trends in Mycotoxins
Contaminations in Maize Supplied to Consumers in Eswatini.
International Journal of Food Science and Agriculture 6(2): 128-134.

7. Mihalcea A, Amariei S (2022) Study on Contamination with Some
Mycotoxins in Maize and Maize-Derived Foods. Applied Sciences 12:
2575.

8. Nleya N, Adetunji MC, Mwanza M (2018) Current Status of Mycotoxin
Contamination of Food Commodities in Zimbabwe. Toxins 10: 89.

9. Haque I, Lupwayi NZ (2003) Soil Nutrients in Agro-ecological zones of
Swaziland. African Crop Science Journal 11(4): 245-257.

10.Dlamini SI, Masuku MB, Rugambisa ]I (2012) Technical efficiency of
maize production in Swaziland: A stochastic frontier approach. African
Journal of Agricultural Research 7(42): 5628-5636.

1

=

.Dlamini DD, Masuku MB (2011) Land Tenure and Land Productivity:
A Case of Maize Production in Swaziland. Asian Journal of Agricultural
Sciences 3(4): 301-307.

12. Tfwala CM, Mengistu AG, Seyama E, Mosia MS, van Rensburg LD, et al.
(2020) Nationwide temporal variability of droughts in the Kingdom of
Eswatini: 1981-2018. Heliyon 6(12): e05707.

13. Mkhwanazi MM, Ndzinisa LH, Sacolo S] (2024) Effects of Rainfall
Variability on Maize Production in Eswatini. Current Journal of Applied
Science and Technology 43(4): 74-83.

14.Mlenga DH, Jordaan A], Mandebvu B (2019) Monitoring droughts in
Eswatini: A spatiotemporal variability analysis using the Standard
Precipitation Index. Jamba: Journal of Disaster Risk Studies 11(1): a725.

15. Mthande P (2022) Identifying Factors That Influence Participation of
Farmers in Maize Marketing in the Highveld Region of Eswatini (Master’s
thesis, University of Pretoria (South Africa).

16. Misihairabgwi JM, Ezekile CN, Sulyok M, Shephard GS, Krska R (2019)
Mycotoxin contamination of foods in Southern Africa: A 10-year review
(2007-2016). Critical Reviews in Food Science and Nutrition 59(1): 43-
58.

Page 6 of 7


http://dx.doi.org/10.33552/WJASS.2025.09.000717
https://pubmed.ncbi.nlm.nih.gov/35622564/
https://pubmed.ncbi.nlm.nih.gov/35622564/
https://pubmed.ncbi.nlm.nih.gov/35622564/
https://pubmed.ncbi.nlm.nih.gov/33467806/
https://pubmed.ncbi.nlm.nih.gov/33467806/
https://pubmed.ncbi.nlm.nih.gov/33467806/
https://pubs.rsc.org/en/content/articlelanding/2008/cs/b713084h
https://pubs.rsc.org/en/content/articlelanding/2008/cs/b713084h
https://www.foodscigroup.us/articles/JFSNT-7-126.php
https://www.foodscigroup.us/articles/JFSNT-7-126.php
https://www.foodscigroup.us/articles/JFSNT-7-126.php
https://pubmed.ncbi.nlm.nih.gov/28608841/
https://pubmed.ncbi.nlm.nih.gov/28608841/
https://pubmed.ncbi.nlm.nih.gov/28608841/
https://www.researchgate.net/publication/360161948_Temporal_Trends_in_Mycotoxin_Contaminations_in_Maize_Supplied_to_Consumers_in_Eswatini
https://www.researchgate.net/publication/360161948_Temporal_Trends_in_Mycotoxin_Contaminations_in_Maize_Supplied_to_Consumers_in_Eswatini
https://www.researchgate.net/publication/360161948_Temporal_Trends_in_Mycotoxin_Contaminations_in_Maize_Supplied_to_Consumers_in_Eswatini
https://www.mdpi.com/2076-3417/12/5/2579
https://www.mdpi.com/2076-3417/12/5/2579
https://www.mdpi.com/2076-3417/12/5/2579
https://pubmed.ncbi.nlm.nih.gov/29751574/
https://pubmed.ncbi.nlm.nih.gov/29751574/
https://www.researchgate.net/publication/290149717_Technical_efficiency_of_maize_production_in_Swaziland_A_stochastic_frontier_approach
https://www.researchgate.net/publication/290149717_Technical_efficiency_of_maize_production_in_Swaziland_A_stochastic_frontier_approach
https://www.researchgate.net/publication/290149717_Technical_efficiency_of_maize_production_in_Swaziland_A_stochastic_frontier_approach
https://www.researchgate.net/publication/267833926_Land_Tenure_and_Land_Productivity_A_Case_of_Maize_Production_in_Swaziland
https://www.researchgate.net/publication/267833926_Land_Tenure_and_Land_Productivity_A_Case_of_Maize_Production_in_Swaziland
https://www.researchgate.net/publication/267833926_Land_Tenure_and_Land_Productivity_A_Case_of_Maize_Production_in_Swaziland
https://www.sciencedirect.com/science/article/pii/S2405844020325500
https://www.sciencedirect.com/science/article/pii/S2405844020325500
https://www.sciencedirect.com/science/article/pii/S2405844020325500
https://journalcjast.com/index.php/CJAST/article/view/4370
https://journalcjast.com/index.php/CJAST/article/view/4370
https://journalcjast.com/index.php/CJAST/article/view/4370
https://pubmed.ncbi.nlm.nih.gov/31745406/
https://pubmed.ncbi.nlm.nih.gov/31745406/
https://pubmed.ncbi.nlm.nih.gov/31745406/
https://pubmed.ncbi.nlm.nih.gov/28799776/
https://pubmed.ncbi.nlm.nih.gov/28799776/
https://pubmed.ncbi.nlm.nih.gov/28799776/
https://pubmed.ncbi.nlm.nih.gov/28799776/

World Journal of Agriculture and Soil Science Volume 9-Issue 4

17.Earnshaw MD, Dlamini C, Dlamini BP, Assefa Y (2022) Evaluation
of Mycotoxin Contaminations Across Beans Food Chain in Eswatini.
European Journal of Biology and Biotechnology 3(3): 24-28.

18.Yamane T (1967) Statistics: An Introductory Analysis (2nd edition). New
York: Harper and Row.

19.Lee KY, Poole CE Zlatkins A (1980) Simultaneous Multi-Mycotoxin
Determination by High Performance Thin-Layer Chromatography.
Analytical Chemistry 52: 837-842.

20. Gitonga Z, De Groote H, Berresaw M, Tefera T (2013) Impact of metal
silos on household’s maize sorage, storage losses and food security: An
application of a propensity score matching. Food Policy 43: 44-55.

21.Nguenha R, Tivana LD, Conceicao P, Viola M, Joao I, et al. (2023) High-
density polyethylene containers and super grain bag reduce storage
insect pests’infestation in maize and preserve grain quality. African
Journal of Agricultural Research 19: 662-674.

22. Baribusta D, Bakoye ON, Ibrahim B, Murdock LL (2020) Performance of
Five Postharvest Storage Methods for Maize Preservation in Northern
Benin. Insects 11(8): 541.

23.Mutegi C, Cotty P, Bandyopadhyay R, Pitt JI (2013) Prevalence and
factors associated with aflatoxin contamination of maize from western
Kenya. African Journal of Agricultural Research 8(4): 351-360.

24.Sadik JA, Fentahun N, Brouwer ID, Tessema M, van der Fels-Klerx HJ
(2023) Preharvest and postharvest management practices related
to mycotoxin contamination in maize in Ethiopia - a review. World
Mycotoxin Journal 16(3): 211-226.

25. Smith MC, Madec S, Coton E, Hymery N (2016) Natural co-occurrence of
mycotoxins in foods and feeds and their in vitro combined toxicological
effects. Toxins 8(4): 94.

26. Mutegi C, Ngugi HK, Hendriks SL, Jones RB (2009) Prevalence and factors
associated with aflatoxin contamination of peanuts from Western Kenya.
International Journal of Food Microbiology 130(1): 27-34.

27.Bernhoft A, Torp M, Clasen PE, Lges AK, Kristoffersen AB (2012)
Influence of agronomic and climatic factors on Fusarium infestation
and mycotoxin contamination of cereals in Norway. Food Additives &
Contaminants: Part A 29(7): 1129-1140.

28.Hudu AR, Addy F, Mahunu GK, Abubakari AH, Opoku N (2024)
Zearalenone contamination in maize, its associated producing fungi,
control strategies, and legislation in Sub-Saharan Africa. Food Science &
Nutrition 12(7): 4489-4512.

Citation: Ngwenya Siboniso Frank, Diana Marie Earnshaw and Yoseph Assefa*. Prevalence of Mycotoxins in Locally Produced Maize
[Zea mays (L.)] in Eswatini. World ] Agri & Soil Sci. 9(4): 2025. WJASS.MS.ID.000717. DOI: 10.33552/WJASS.2025.09.000717.

Page 7 of 7


http://dx.doi.org/10.33552/WJASS.2025.09.000717
https://www.researchgate.net/publication/361383861_Evaluation_of_Mycotoxin_Contaminations_Across_Beans_Food_Chain_in_Eswatini
https://www.researchgate.net/publication/361383861_Evaluation_of_Mycotoxin_Contaminations_Across_Beans_Food_Chain_in_Eswatini
https://www.researchgate.net/publication/361383861_Evaluation_of_Mycotoxin_Contaminations_Across_Beans_Food_Chain_in_Eswatini
https://pubs.acs.org/doi/abs/10.1021/ac50056a016
https://pubs.acs.org/doi/abs/10.1021/ac50056a016
https://pubs.acs.org/doi/abs/10.1021/ac50056a016
https://www.sciencedirect.com/science/article/abs/pii/S0306919213001097
https://www.sciencedirect.com/science/article/abs/pii/S0306919213001097
https://www.sciencedirect.com/science/article/abs/pii/S0306919213001097
https://www.researchgate.net/publication/372009971_High-density_polyethylene_containers_and_super_grain_bag_reduce_storage_insect_pests'_infestation_in_maize_and_preserve_grain_quality
https://www.researchgate.net/publication/372009971_High-density_polyethylene_containers_and_super_grain_bag_reduce_storage_insect_pests'_infestation_in_maize_and_preserve_grain_quality
https://www.researchgate.net/publication/372009971_High-density_polyethylene_containers_and_super_grain_bag_reduce_storage_insect_pests'_infestation_in_maize_and_preserve_grain_quality
https://www.researchgate.net/publication/372009971_High-density_polyethylene_containers_and_super_grain_bag_reduce_storage_insect_pests'_infestation_in_maize_and_preserve_grain_quality
https://pubmed.ncbi.nlm.nih.gov/32824419/
https://pubmed.ncbi.nlm.nih.gov/32824419/
https://pubmed.ncbi.nlm.nih.gov/32824419/
https://www.sciencedirect.com/science/article/abs/pii/S016816050800682X
https://www.sciencedirect.com/science/article/abs/pii/S016816050800682X
https://www.sciencedirect.com/science/article/abs/pii/S016816050800682X
https://brill.com/view/journals/wmj/16/3/article-p211_2.xml?language=en&srsltid=AfmBOookDqvvl79BVeQpHBMRdA9QOnD1FzmXs8HCo-hWxuESPP70gZ-t
https://brill.com/view/journals/wmj/16/3/article-p211_2.xml?language=en&srsltid=AfmBOookDqvvl79BVeQpHBMRdA9QOnD1FzmXs8HCo-hWxuESPP70gZ-t
https://brill.com/view/journals/wmj/16/3/article-p211_2.xml?language=en&srsltid=AfmBOookDqvvl79BVeQpHBMRdA9QOnD1FzmXs8HCo-hWxuESPP70gZ-t
https://brill.com/view/journals/wmj/16/3/article-p211_2.xml?language=en&srsltid=AfmBOookDqvvl79BVeQpHBMRdA9QOnD1FzmXs8HCo-hWxuESPP70gZ-t
https://pubmed.ncbi.nlm.nih.gov/27023609/
https://pubmed.ncbi.nlm.nih.gov/27023609/
https://pubmed.ncbi.nlm.nih.gov/27023609/
https://pubmed.ncbi.nlm.nih.gov/19193467/
https://pubmed.ncbi.nlm.nih.gov/19193467/
https://pubmed.ncbi.nlm.nih.gov/19193467/
https://pubmed.ncbi.nlm.nih.gov/22494553/
https://pubmed.ncbi.nlm.nih.gov/22494553/
https://pubmed.ncbi.nlm.nih.gov/22494553/
https://pubmed.ncbi.nlm.nih.gov/22494553/
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.4125
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.4125
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.4125
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.4125

