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Consumption of aflatoxin contaminated maize causes abdominal pains, 
vomiting, acute liver damage, and other chronic ailments. This study 
aimed to determine the impact of post-harvest management practices 
and environmental conditions on prevalence of aflatoxin strains in stored 
maize. A hundred and seventy-eight maize grain samples were collected 
from stores: farmers, retailers, wholesaler, National Cereals and Produce 
Board in Migori and Busia counties. The samples were processed and 
analysed for individual aflatoxins B1, B2, G1, G2 and their totals. Samples 
from Migori stores had contamination between 3.04-23.75 μg/kg of B1 
and 5.81-61.37 μg/kg of total aflatoxin. The same contamination in 
samples from Busia stores was between 0.50-1.74 μg/kg and 0.71-3.67 
μg/kg respectively. The aflatoxin prevalence trend was B1>G1>B2>G2. 
The total aflatoxin contamination trend in stores was 
farmers>retailers>wholesalers>National Cereals and Produce Board for 
Migori, and retailers>farmers>wholesalers>National Cereals and Produce 
Board for Busia. Seventy-four percent of samples from Migori stores were 
contaminated above the allowed 10 μg/kg limit for total aflatoxin whereas 
all samples from Busia stores were not contaminated. The National 
Cereals and Produce Board stores adhered to the set standards for drying, 
storage and practices to prevent aflatoxin development in stored maize, 
while other stores did not comply to the same.  
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1. Introduction and Background

Maize (Zea mays L.) is the third world's largest consumed cereal after rice and wheat (Rouf Shah 

et al., 2016) due to its ability to adapt to a variety of agro-ecological zones (Jonah et al., 2020). 

Maize is also a raw material for a wide range of industries including animal feeds, starch, syrup, 

fuel and alcohol (Dabija et al., 2022; Grote et al., 2021; Klopfenstein et al., 2013; Lopes, 2014). 

The cereal is the main source of livelihood for over 80% of people living in Sub-Saharan Africa 

(Pardey et al., 2016; Ranum et al., 2014). In Kenya, maize is a staple food and a source of income 

for 98% of the rural population who cultivate it predominantly in small- scale (Mang’eni, 2022).  

Africa Journal of Physical Sciences Vol. 7, pp. 72-88, December 2022 

http://uonjournals.uonbi.ac.ke/ojs/index.php/ajps 

ISSN 2313-3317

mailto:mwendanj2014@students.uonbi.ac.ke
http://uonjournals.uonbi.ac.ke/ojs/index.php/ajps


NJ MWENDA et. al.                              |CHEMISTRY 

73 

Maize is frequently infested by Aspergillus, Penicillium, and Fusarium fungi in growing fields, 

during harvesting processes, transportation and storage (Liu et al., 2016; Okoth et al., 2018). 

These fungi are ubiquitous in the environment mostly in tropical and subtropical regions because 

of high temperatures and humidity. Fungal growth and aflatoxin contamination of foods are 

favored by occasional rains during harvesting period, improper harvesting and storage methods, 

poor aeration in stores and prolonged storage (Shrestha & Control-Nepal, 2019). The most 

vulnerable foods to aflatoxin contamination are cereals and legumes such as maize and peanuts 

(Rasheed et al., 2021; Benkerroum, 2020; Gachara et al., 2018). Aflatoxin contamination of 

cereals and legumes impact negatively to food security, food safety and trade (Achparaki et al., 

2012; Kumar et al., 2016). High frequencies of aflatoxin contamination of maize, rice, sorghum, 

and groundnuts reported occasionally in different parts of Kenya (Ngindu et al., 1982). Just to 

remember, high prevalence and acute aflatoxicosis were reported in 2001, 2004, 2005 and 2006 

in some parts of Eastern Kenya (Lewis et al 2005). Despite extensive consumption of groundnuts 

and maize products, no incidences of acute aflatoxicosis have ever been reported in Western and 

Nyanza regions of Kenya. However, no study has even done to ascertain this observation.  

In chemical terms, aflatoxin refer to a wide class of natural chemical compounds composed of 

five-membered cyclo-pentenone ring known as blue series or B- series and the six-membered 

lactone ring named Green series or G-series (Filazi & Tansel, 2013) when viewed under UV light. 

The toxicity of these toxins is determined by the position of active sites in their structure. The 

aflatoxin strains that form epoxidation on the 8, 9-double bond are more potent than those that 

lack double bond in the position. Common aflatoxin strains when arranged in order from the 

highest to lowest potency are B1, G1, B2 and G2. When different strains of aflatoxin are 

consumed in contaminated foods and feeds by animals or birds, various metabolites among them 

aflatoxin M1 and M2 found in milk after consuming aflatoxin B1and B2 through foods. 

Exposure to aflatoxin through consumption of contaminated food materials is linked to a variety 

of harmful health effects including; liver cancer, immune system suppression, teratogenic effects, 

infant malnutrition and development retardation, among other chronic ill health ailments 

(‘Kang’ethe et al., 2017; Kiarie et al., 2016; Mutegi et al., 2018; Stepman, 2018). Effort to 

safeguard both human health and livestock against contamination effects of aflatoxin, has led to 

various food organizations and governments to establish maximum acceptable limits for aflatoxin 

B1 and total aflatoxin. In Kenya, the total aflatoxin contamination limits allowed is 10 µg/kg and 

20 µg/kg for human food and animal feeds respectively (Nakavuma et al., 2020; Njugi et al., 

2018). Aflatoxin B1 is the number 1 human carcinogen associated with hepatocellular 

carcinomas, liver failure and death (WHO, 2015), it has a 4 µg/kg limit in human food. 

Studies conducted by the Kenya demographic and health survey in 2014, reported on average 

25.2% and 22.7% of children under 5 years of age were stunted in the Western and Nyanza 
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regions, respectively. In the same report Busia and Migori counties had 22% and 26.4% as 

accordingly. According to Mutegi et al (2018), post-harvest management and environmental 

conditions contribute to aflatoxin contamination in peanuts. There are no studies, however, to 

evaluate the impact of post-harvest management practices and environmental conditions on 

prevalence and composition of aflatoxin strains in maize from different stores in Migori and Busia 

counties.   

Busia County rises from 1,140 to 1,500 meters above sea level. This county has four different 

Agro-Ecological Zones (AEZs) with good soils and climate favorable for maize growing. The lowest 

temperature range is from 14 to 22oC and highest range is from 29 to 30oC. The mean 

temperature is range from 21 to 27oC. The county has a bimodal pattern of rainfall, where the 

average annual rainfall was between 750 and 2,000 mm (Midega et al., 2015). The distribution 

was: long rains fall from March - May and the short rains from August – October. Across the 

county, the lowest rainfall is 760 -1,015 mm in the vicinities of Lake Victoria. The agricultural 

productivity in the county is influenced by soil types and precipitation patterns (USAID, 2019 & 

2017).  

Migori County, covers an area of 2,597 km2 of land and 478 km2 surface water is located between 

latitude 1°24´S and 1°40´S and longitude 34°50´E. It has undulating hills, plains and ranges rising 

from 1,135 to 1,700 m above the sea level. The total arable land for the county is approximately 

1,919 km2 spread in six different Agro-Ecological Zones (AEZ). Migori experiences mild inland 

equatorial type of climate, modified by relief and altitude owing to its proximity to Lake Victoria. 

The county experiences two rainfalls: March –May long rains and October -November short rains 

the rainfall ranges between 700 - 1,800 mm annually. The county is humid throughout the year, 

with the mean annual temperature of 21.2 oC. The county experiences coldest month in July with 

a mean of 13.3 oC and the hottest months between February-March with a mean of 29.2 oC (GoK, 

2013a). The precipitation patterns, climate, biota, relief and age have made this county to have 

soils of medium fertility (NARIGP et al., 2020), good for growing maize and sugar cane. 

Busia and Migori counties share international borders with Uganda and Tanzania, respectively 

this allows cross border trade among people living on sides of the countries. Agricultural products 

include maize form part of the accommodates in the trade. The quality of maize in terms of levels 

of aflatoxin contamination are normally not known. The objective of this study was to determine 

the impacts of post-harvest management practices and environmental conditions on prevalence 

and composition of aflatoxin stored maize in Migori and Busia counties.  
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2. Materials and Methods  

A) Study Design  

Maize grain samples were collected from different stores: farmers, retailers, wholesalers, and 

NCPBs in the counties of Busia and Migori (Figure 1). The selected stores differed in terms of 

source of maize before storage, quality and size of storage facility, management practices in the 

storage facility that depended on post-harvest management skills employed in the store.  

 

Figure 1:  Maize sampling collect site maps for Busia, and Migori Counties 

B) Sampling Dry Maize  

A formal sampling protocol was followed to sample dry maize grains from the four different 

categories of stores in each county (Donnelly et al., 2022). Only maize harvested within three-

month period was considered to rule out influence of extended storage period on the maize 

quality and aflatoxin load.  

C) County Sampling strategy used  

In each county the sampling strategy addressed the sites and number of samples per store. The 

sampling locations were categorized into four store types namely farm, retail, wholesale and 

NCPB stores. A total of 42 stores equally distributed within the two counties were sampled which 

were broken down into 22 farm stores, 10 retail stores, 8 wholesale stores and 2 NCPB stores. A 

total of 89 maize samples were collected from each county constituting of twenty-two samples 

each from farm, retail, wholesale stores, and twenty-three from NCPB store. 
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The farm stores were temporary storage facilities for harvested maize based in the farm or 

farmers homes. Maize grains from these stores were then sold to different distribution channels 

such as retailers, wholesalers or NCPB stores for storage or distribution to millers. Farm stores 

are not required to have licenses or permits but also lacked in storage structures for providing 

absolute protection to stored maize grains from contaminations, moisture and pests’ infestation. 

The retail stores were facilities based in local trading centers that buy or sell small quantities of 

dry maize from small scale farmers and sell to local consumers, wholesalers and NCPB stores for 

storage. Expect for a wider source of maize, trading license and location, retail stores shared 

similar characteristics with farm stores. They lacked in structures, operational technical 

knowledge and adherent to KEBS set standards for cereal drying, storage and transportation.  

Wholesale stores were relatively large in terms holding capacity, bought maize from both large-

scale farmers, retailers and occasionally from NCPB stores within the regions. To some extent 

these stores adhered to KEBS set standards for cereal drying, storage and transportation. 

Wholesale stores had other than the requisite trading and operation licenses, but also some 

structures, building permits, environmental permits and occupancy certificates. They, however, 

lacked in area of trained personnel to manage the operations of the store. Occasionally, retailers 

and wholesalers source maize from the neighboring country depending on supply and demand 

within the counties. 

Nation Cereals and Produce Board silos/stores were large conventional stores run by the National 

government for cereal holding for food security reasons. They mostly bought maize from farmers, 

wholesalers, retailers and also imported from abroad. The NCPB stores mostly sell their maize 

grains to the millers for largescale production of maize flour. The Nation Cereals and Produce 

Board stores by nature of their level adhered to all KEBS set standards for cereal drying, storage 

and transportation as well as legal regulations for trade and operation. Warehouses owned by 

NCPB had similar in building designs, aeration provisions, size of pacing racks for placing maize 

bags, building permits, environmental permit and occupancy certificate. The management 

personnel in these stores had required technical knowledge for storage and who displayed clear 

guideline manuals at the entrance. Stored maize in NCPB was maintained at 15% moisture 

content, 13oC temperature, in dusty free warehouse that were fumigated regularly to controls 

pests (KEBS, 2019).  

Sampling was done following commission regulation guidelines (Commission Regulation (EC) No 

401/2006; FSA, MS, 2016) where a maize bag was randomly selected from the store. A sampling 

spear was used to pull out a kilogram of maize from 5 points on the sides of each 90 kg bag 

marked from the bottom to the top (Iso et al., 2010). These five different subsamples were 

thoroughly mixed together and a kilogram of the composite sample collected. The sample was 

stored in a brown paper bag, a pack of silica gel added to absorb excess moisture, before the 
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sample was sealed and coded. The samples were kept in Coleman cooler boxes while in the field 

and during transportation to the laboratory for analysis. For each sample pack two 500 g 

subsamples A and B were drawn. Set A was refrigerated at -20 °C for backup analysis, while set B 

was analyzed immediately for aflatoxin presence and composition. 

 D) Sample Preparation  
In preparation, subsample B was mixing thoroughly before drawing three replicates of 20 g 

portions each, ground to powder and sieved though 65 mesh or 0.25 mm size. The flour potions 

were subsampled further into triplicates of 5 g each in 50 mL tubes. 30 mL HPLC grade methanol, 

deionized water, and acetonitrile were added in the ratio 12:2:1 (v/v/v). The mixture was briskly 

shaken at 120 rpm for thirty minutes using Mxbaoheng MPL-20 orbital shaker to extract 

aflatoxins. The extract was filtered through a Whatman filter paper No. 4 (Whatman International 

Ltd., Maidstone, UK). 1 mL of the supernatant of the extract was transferred into an extraction 

tube, topped to 40 mL with phosphate buffered saline (PBS) pH 7.4 and centrifuged at 3,400 rpm 

for one minute. The resulting supernatant was filtered through a 0.45 µm nylon membrane filter. 

All the 40 mL filtrate was passed through immunoaffinity column at a flow rate of 1 drop/second. 

The column was repeatedly washed with 10 mL of deionized water at a flow rate of 2 

drops/second and discarded, then aflatoxins fraction was eluted with 1 mL methanol at a flow 

rate of 1 drop/second. The eluent was evaporated to dryness under a stream of white spot 

nitrogen and reconstituted with 400 μL mobile phase (water/methanol/acetonitrile, 55/10/35, 

v/v/v) into HPLC vial ready for analysis. Quality control blank samples for aflatoxin, free maize 

was prepared in the same way to represent matrix-blank.  

E) Method Validation 
In conformity with SANCO/12571/2013 analytical performances criteria (EC, 2010) validation of 

HPLC method was done before analysis of the samples. The limits of detection (LOD) and 

quantification (LOQ) were determined based on the measurement of calibration solutions with 

lowest concentrations (Shrestha & Control-Nepal, 2019). Recovery experiments were performed 

by spiking 5 g each of ground maize blanks with 20 μL of aflatoxins standards to a concentration 

of 20 μg/g. The samples were incubated overnight at room temperature in airtight containers, 

followed by shaking with an orbital shaker, extraction and cleaning up in triplicates (Serrano et 

al., 2012). The linearity was tested by matrix match and solvent standards based on the 

calibration curves constructed from standard solutions of aflatoxins B1, B2, G1 and G2. The 

concentration range used was 0.1 – 50 μg/mL aflatoxin. The degree of precision was estimated 

daily and the confidence interval of the mean value at 95% checked (EC, 2010). 

F) Calibration Curves for Aflatoxins 

External standard method was used to construct a calibration curve for aflatoxin B1, B2, G1 and 

G2. Concentration range for aflatoxins B2 and G2 was 0.5–10 μg/g and for aflatoxins B1 and G1 

was 2–40 μg/g. The total aflatoxin in each sample was determined by summation of 
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concentrations of G2, G1, B2, and B1 (Np & Medhe, 2003). Aflatoxin method recovery and 

precision tests were determined by spiking blank samples at three different concentrations of 20, 

40, and 100 g/kg in duplicates (Beltrán et al., 2019). The percentage recovery was calculated using 

the formula: recovery (%) = (S’-S) 100 % /S spiked (Ata et al., 2015). Where S’, S and S- spiked is 

the concentration of the spiked sample, of non-spiked sample. To control interference with the 

target analyte, the method specificity was assessed by comparing the retention time for aflatoxins 

in spiked blanks with standards at 100 g/kg of aflatoxin. 

Quantification of the Aflatoxin in maize sample was carried out using high performance liquid 

chromatography (Shimadzu model 10AVP) equipped with a fluorescence detector (FLD), a pump 

(RF–20A, LC-20AT), an auto sampler system (SIL-20A) and a column oven- thermo-controller (CT 

10AS- VP). 10 μL of the sample was injected under isocratic elution with a mixture of 

acetonitrile/methanol/water (15/30/70 v/v/v) as the mobile phase. Separation was carried out 

using genesis reverse-phase C18 analytical column of dimensions 4.6 × 250 mm, 100 Å pore size, 

and 5 µm particle size; (Gloucester, UK) was set at 40 °C temperature. The mobile phase of 

potassium bromide and nitric acid was set at a flow rate of 0.9 mL/min-1. A KOBRA ® cell 

electrochemical post column derivatization system (R-Biopharm Inc., Marshall. MI) was set at 100 

μA current, consisting of 254- nm UV lamp and 0.5 mm id. x 10 m PTFE tube fitted around the UV 

lamp where it was applied before the fluorescence detector to enhance the AFB1 and AFG1 

fluorescence activity. The detector was operated at 360 and 450 nm wavelengths for detection 

of aflatoxin fluorescence excitation and emission, respectively. Identification and quantification 

of aflatoxin was based on retention time and peak areas of the reference standards and 

calibration curves.  

G) Statistical Analysis 

Excel 21 sheets were used to enter data before subjecting to analysis of variance using the 

general linear model method R 4.1.1 software of August 2021. Tukey's Honestly Significant 

Difference test was used to post ANOVA treatments and mean comparisons. The 

homoscedasticity test was done for the two-way ANOVA model. 

3. Results and Discussion  

A) Method validation  

Validation of the method used involved determining the limit of detection, limit of quantification 

and correlation coefficient for the four strains of aflatoxins. The limit of detection was 0.12 μg/kg 

for Aflatoxin B1, 0.12 μg/kg for B2, 0. 21 μg/kg for G1 and 0.25 μg/kg for G2. The limit of 

quantification was 0.26 μg/kg for Aflatoxin B1, 0.44 μg/kg for B2, 0.29 μg/kg for G1 and 0.39 

μg/kg for G2. The correlation coefficients for the four strains of aflatoxins B1, G1, B2 and G2 

obtained from the calibration curves were above 0.99 which were considered adequate. The 

method accuracy determined by calculating spiked blank recoveries for the aflatoxin standards 
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ranged from 66.5 to 85.7% for B1, 78.4 to 89.2% for B2, 85.51 to 89.5% for G1, and 82.4 to 103.4% 

for G2 were within accepted range of 70-150%, which qualified the analytical method.  Other 

tests carried out to validate the method included precision and the relative standard deviation. 

The results of method validation are summarized in Table 1. 

Table 1: Method Validation Data  
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  (min)  %  % (μg/kg) (μg/kg) 

B1 4.3 0.9983 77.2 1.28 26.58 0.12 0.26 

B2 4.15 0.9943 83.83 0.29 20.81 0.16 0.44 

G1 4.18 0.9961 82.52 1.62 25.57 0. 21 0.29 

G2 4.03 0.9978 88.38 0.47 10.13 0.25 0.39 

B) Mean Levels of the Individual Strain and Total Aflatoxins in Maize Samples  

A total of 178 individual maize samples were analysed and quantified for Aflatoxin B1, B2, G1, 

and G2, comprised of 89 samples each for Busia and Migori counties. The mean concentration 

for aflatoxin B1 in all stores in Busia County, were within the accepted limits of < 4 µg/kg. On the 

other hand, the samples from Migori County stores exceeded the set limit except for NCPB stores. 

The observed difference in aflatoxin B1 levels for the two counties could be due to adapted post-

harvest management practices by maize chain players. Post-harvest management practices such 

as harvesting time, drying methods, protection from pests, mechanical injury at the time of 

harvesting and shelling, transportation and storage methods, sorting of contaminated and 

damaged maize grains, and the use of clean harvesting equipment depended on individual 

farmers and traders. Secondly, environmental conditions such as soil type, fungal species, 

climate, humidity, maturity time of grains, temperature and moisture (Njugi et al., 2018) were 

different in Busia and Migori counties, these also influenced the quality of maize and aflatoxin 

development in the store. These results suggested environmental factors experienced in Busia 

did not favor growth of aflatoxin causing molds.  Levels of Aflatoxin B1 in the maize samples were 

different in the two counties. Thirdly, influence of cross border trade could have affected the two 

counties differently since Migori and Busia border two different nations with different 

environmental and climatic regimes, hence the imported maize would be different. 

All maize samples collected from different store in Busia County had mean total aflatoxins below 

the set limit of 10 µg/kg. On the other hand, more than 74 % of maize samples collected from 
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stores in Migori County had total aflatoxin above the same limit. The reason for the observation 

is stated earlier. The highest mean total aflatoxin measured was 61.37± 5.26µg/kg recorded in 

samples from the farm stores, while the least was 0.71± 0.15µg/kg from NCPB stores (Table 2).  

Individual farmer’s store hold maize from a particular farm or a set of farms. The findings from 

this study show that characteristic practices of farmers involved in maize production along the 

value chain varied in terms of sowing, caring, harvesting, shelling, packaging, transportation and 

storage. These practices were likely to impact on the aflatoxin contamination, in addition to 

natural factors such as drought, insect-damage, seasonal changes, temperatures and extreme 

precipitation patterns that would uniquely influence the quality of produce in different counties. 

Additional factors included social dynamic like poverty and education levels among the 

subsistence farmers. The last two factors influence agricultural management practices and non-

compliance to guidelines regarding post-harvest handling of the grains. During the study it was 

observed that some farmers redirected rejected maize due to aflatoxin contamination, 

discolored grains and insects damaged grains to domestic markets such as local brews and animal 

feeds, which was also reported in earlier studies (Ambler et al., 2018; Matumba et al., 2016; 

Misihairabgwi et al., 2019). Retailers, wholesalers and NCPB stores on the other hand, pooled 

maize from different farmers who followed different management practices in their holding 

stores that could influence aflatoxin levels. Grain management problems at the storage levels are 

the main cause of aflatoxin contamination in maize (Agric, 2020). The order of total aflatoxin 

levels followed was retailers>farmers>wholesalers>NCPB store for Busia and 

farmers>retailers>wholesalers>NCPB stores for Migori. 

Table 2: Individual aflatoxin strains and total aflatoxin in maize samples from Busia and Migori County 
stores  

STORE TYPE  AFLATOXIN STRAIN BUSIA MIGORI 

NCPB store (µg/kg)  AFB1 0.53±0.00 3.04±0.79 
 

AFB2 0.07±0.00 1.05±0.04 
 

AFG1 0.05±0.00 1.1± 0.33 
 

AFG2 0.06±0.00 0.62±0.03 
 

Total 0.71± 0.15 5.81± 1.23 

Wholesaler store (µg/kg)  

AFB1 

 

1.61±0.06 

 

10.2±1.46 
 

AFB2 0.01±0.00 4.51±0.91 
 

AFG1 0.01±0.00 6.55± 0.37 
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STORE TYPE  AFLATOXIN STRAIN BUSIA MIGORI 
 

AFG2 0.01±0.00 2.36±0.51 
 

Total 1.64± 0.32 23.62± 1.65 

    

Retailer store (µg/kg) AFB1 1.74±0.00   16.72±1.30 

  AFB2 0.66±0.00 4.82±0.41 
 

AFG1 1.06± 0.04 14.24± 2.14 
 

AFG2 0.21±0.00 3.46±0.57 
 

Total 3.67± 1.13 39.24±3.31 

 

Farmer store (µg/kg) 

 

AFB1 

 

1.45±0.50 

 

23.75 ±2.21 
 

AFB2 0.99±0.00 7.43± 0.76 
 

AFG1 0.15± 0.00 21.03± 1.48  
 

AFG2 0.4± 0.07 9.16±1.39 
 

Total 2.99± 0.73 61.37± 5.26 

C) Influence of post-harvest management practices on prevalence of aflatoxin in samples 

Analysis was based on samples collected per county in NCPB store (23), farmer stores (22), 

wholesale stores (22) and retail stores (22). The upper, lower and median percentiles were 

calculated based on characteristics of individual sample lot and average aflatoxin contamination 

levels in the maize. There was a significant difference between maize samples collected from 

Busia and Migori county stores in terms of aflatoxin contamination levels at p-value < 0.05%, 

signifying influence of varying post-harvest management practices in each county. Practices such 

as roadside spreading, drying in open bags near dusty roads, poorly ventilated stores, reuse of 

bags or sharing bags for different cereals, and placing maize bags on bear floor would affect 

development of molds. Hence single or a combination of these factors contributed to the 

observed variations in the levels of aflatoxin between Busia and Migori Counties.  

Figure 2 shows the levels of aflatoxin occurrence in different stores per county. The box 

symbolized the middle 50% of the measurements for each aflatoxin strain in the maize samples, 

while the height of the box shows the range of samples with aflatoxin levels. The top and bottom 

bars represented the 25th and 75th percentiles of the aflatoxin contaminants in the samples. The 

90th and 10th percentiles were represented by the vertical whisker line at the top and bottom of 

the box. The box plots representing analysed data for Busia County maize samples were smaller 
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compared to those for samples collected from Migori County, implying that samples from Migori 

County had higher aflatoxin contamination levels. The boxplots for Aflatoxin B1 show that 50% 

of the samples from Busia County had levels > 0.5 µg/kg for farmer stores, > 0.3 µg/kg for retailer 

stores and > 1.0 µg/kg for wholesaler stores. The range for the same cluster of samples in Migori 

County for Aflatoxin B1 levels followed farmers’ stores (> 2.5 µg/kg), retailer stores (>2.0 µg/kg) 

and wholesale stores (> 2.0 µg/kg). Migori County samples recorded contamination levels than 

samples from Busia County. The black dots on the upper and lower side of the box represent the 

extreme or outlier contaminants recorded in a few samples from different aflatoxin strains. 

Aflatoxin levels in Migori County samples were in contrast, because more than thirty-three 

percent of outliers appeared in the lower and upper limits. The levels of aflatoxin in the maize 

samples from Migori County stores varied from low to high suggesting large differences in post-

harvest management practices for maize handlers. All samples collected or 74 % of the samples 

from farm, retail and wholesale stores were all contaminated with aflatoxin above the set limit 

of 4 µg/kg for AFB1 except for NCPB stores. The findings of this study agreed with previous study 

by Mahuku et al. (2019) who found high prevalence of aflatoxin with 42.7% of collected samples 

from Migori County market stores having high levels of aflatoxin B1. 

 

Figure 2: Concentrations of aflatoxin strains in maize samples in various stores in both Counties 
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D) Impact of store type on levels of different strains of aflatoxin in maize  

The proposed null hypothesis (H0) that there was no difference in the mean concentrations 

attributable to the aflatoxin strains and the type of store was tested by conducting a two-way 

ANOVA test. Table 3 shows f-values and the corresponding p-values measured for the mean 

levels of aflatoxin strains, stores and the product of the two.  According to the f-values and a 

corresponding p-value < 0.05%, aflatoxin strain BI, B2, G1 and G2 had an impact on the 

contamination levels measured in stored maize. Similarly, the store types had impact on the 

contamination levels in the maize. In addition, product of aflatoxin strains and the store types 

was significant on the contamination levels in the stored maize at p-value < 0.05%.  We therefore 

accepted the proposed null hypothesis that there was no significant difference in the mean 

concentrations attributable to the aflatoxin strains and the type of store where maize was 

collected. 

Table 3: Analysis of variance for the impact of store type on the concentration of Aflatoxin tested in Busia 

and Migori counties  

Source of Variation Df F value Pr(>F) 

Aflatoxin 3 38.79        <2e-16 *** 

Store 3 57.04        <2e-16 *** 

Residual Variance                           -             - 29.6 

Aflatoxin: store 9 4.908 < 2e-06 

Residual Variance     28.2 

D) Post-Hoc Test for Significant Parameters  

A Tukey Significant Difference test was conducted to compare impact of different aflatoxin 

strains and stores types to the mean levels of aflatoxin in stored maize (Table 4). The results from 

Tukey significant difference test of the mean levels of aflatoxin strains G2 and B2 showed p-values 

< 0.05% for 83.3% of the tests and only 16.3% of the tests > 0.05% for G2 and B2 pair, suggesting 

a significant difference between the means of the two groups. Further analysis revealed that the 

store type impacted 100% on the mean aflatoxin contamination in maize. The influence of the 

store type and aflatoxin strain to contamination in stored maize was significant with p-values < 

0.05%.  
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Table 4: Impact of the store type and aflatoxin strain to aflatoxin contamination in stored maize using 
Tukey Significant Difference test 

AFLATOXIN DF LOWER UPPER P ADJ 

AFB2-AFB1 -4.8869 -6.3725 -3.4013 0.0000 

AFG1-AFB1 -1.8416 -3.3271 -0.356 0.0080 

AFG2-AFB1 -5.3373 -6.8229 -3.8517 0.0000 

AFG1-AFB2 3.0453 1.5598 4.5309 0.0000 

AFG2-AFB2 -0.4504 -1.936 1.0352 0.8632 

AFG2-AFG1 -3.4957 -4.9813 -2.0102 0.0000 

STORE TYPE          

NCPB DEPOT-FARM STORE -7.1847 -8.6623 -5.707 0.0000 

RETAIL STORE -FARM STORE -2.6469 -4.1409 -1.1529 0.0000 

WHOLESALE STORE -FARM 

STORE 

-4.8418 -6.3358 -3.3478 0.0000 

RETAIL STORE -NCPB DEPOT 4.5377 3.0601 6.0154 0.0000 

WHOLESALE STORE -NCPB 

DEPOT 

2.3429 0.8652 3.8206 0.0003 

WHOLESALE STORE-RETAIL 

STORE 

-2.1948 -3.6888 -0.7008 0.001 

4. Conclusion  

Aflatoxin contamination was more prevalent in maize samples from Migori than those from 

Busia. Individual aflatoxin contamination trend was B1>G1>B2>G2 for both counties. The total 

aflatoxin trend was farmers>retailers>wholesalers>NCPB and 

retailers>farmers>wholesalers>NCPB for Migori and Busia stores, respectively. Regular checks of 

moisture content and cereal temperatures, storage aeration and hygiene including pests control 

varied with the store from farmers to NCPB stores, which influenced prevalence and composition 

of aflatoxins in stored maize. 

5. Recommendation  

We recommend regular education and training on effective post-harvest management 

techniques for farmers and traders in both Busia and Migori Counties. The two counties to build 

adequate capacity in the sector to stop the proliferation of aflatoxin molds into maize cereal 
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during post-harvest handling. In addition, county public health department should intensify 

regular inspection and licensing of maize storage facilities to entrench good post-harvest 

management practices. Further studies are recommended to determine how interaction 

between soil physical and chemical factors, influence the development of aflatoxin causing 

contamination of maize in the two counties. 
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