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Abstract: Aflatoxin M1 (AFM1), a carcinogenic toxin, mainly contaminates cow milk and poses significant 

challenges to the dairy industry, thereby, public health in most tropical countries, including Ethiopia. This 

study aimed to investigate the prevalence and level of AFM1 in raw cow milk collected from Specialized Dairy 

Farms and Milk Vendors in three Urban Centers: Chiro town, Dire Dawa, and Harar cities in Eastern Ethiopia. 

180 milk samples were collected from two major Milk Sources: Specialized Dairy Farms (N=90) and Milk 

Vendors (N=90) using a simple random sampling technique. AFM1 was analyzed using high-performance 

liquid chromatography. The study revealed that, 63.9% (115/810) prevalence and 0.179±0.48µg/L mean of AFM1 

level in milk, which 39.13% and 26.08% exceed the tolerable limits of EU and FDA respectively. A 40.0% 

prevalence and 0.344±0.72µg/L average of AFM1 in the milk from Dire Dawa city was significantly higher than 

the samples from other Urban Centers. However, 30.43% and 29.57% prevalence as well as 0.055±±0.13µg/L 

and 0.140±0.33µg/L average of AFM1 in milk from Chiro town and Harar city, respectively were not significant. 

Furthermore, milk samples from Dairy Farms revealed a higher prevalence (57.39%) and level (0.252±0.64µg/L) 

of AFM1 than Milk Vendors, with prevalence of 42.61% and average, 0.107±0.21µg/L. Therefore, this study 

concludes that substantial milk samples were contaminated by AFM1 and urges the need to enhance farmers' 

awareness on mitigation. 
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1. Introduction 

Mycotoxins are low molecular weight secondary metabolites, produced by toxigenic fungi 

during their morphological and chemical differentiation, and are highly prevalent in many foods and 

feedstuffs [1]. Currently, of over three hundred types of mycotoxins uncovered, aflatoxin is the most 

potent carcinogenic agent, threatening humans, and animal health, and primarily produced by 

Aspergillus flavus and Aspergillus parasiticus [2,3]. Specifically, four types of aflatoxins: B1, B2, G1, and 

G2, are known to be produced by Aspergillus species [4,5]. However, aflatoxin M1 (AFM1) is the 

hydroxylation byproduct of aflatoxin B1 in the liver of lactating dairy cows that ingested the 

contaminated feedstuffs [3,6].  

Milk is the main food in many countries, due to its valuable source of nutrients, where milk from 

dairy cows shares a significant contribution. Globally, 81 percent or 746 million tons of milk has been 

produced by dairy cows in 2021 [7]. Similarly in Africa, 77% of the total milk were come from dairy 

cows [8]. Specifically, of a total of 7.12 billion liters of milk produced in Ethiopia in 2020/21, 65.84% 

or 4.69 billion liters of milk were accounted as dairy cow's milk [9]. However, the presence of AFM1 

in the milk of dairy cows raises serious concerns of food safety and is usually, linked to cancer 

diseases, hepatotoxins, and others in humans and animals [3,10]. Subsequently, the International 
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Agency for Research on Cancer [11], has classified AFM1 as Group 2B carcinogenic agent. Moreover, 

the association of a lasting adverse health condition (like child stunting) with children consuming 

AFM1-containing milk, elevates its public health importance, where milk is widely regarded as a 

complementary diet for them [10,12]. The primary animal exposure route of aflatoxins is through 

ingestion of frequently contaminated crops, such as cereal grains, oilseeds, nuts, or others that are 

integral parts of feed ingredients [13,14]. While, human exposure to AFM1, is mainly, through the 

consumption of contaminated milk and milk products [14]. 

The proliferation of Aspergillus fungi and associated aflatoxins are determined by the host, 

fungus, and environmental stresses interaction [1]. Thus, Medina et al., [15] indicated that hot 

temperature and high moisture/humidity increase aflatoxin excretion, by modulating aflatoxin 

synthesizing genes. The hot and humid climates, with mean annual rainfalls >700 mm and relative 

humidity >60% in tropical and subtropical climates provide a conducive environment for Aspergillus 

proliferation, and concomitant aflatoxin M1 in milk [3]. Additionally, pre- and postharvest 

management practices such as cropping system, time of harvest, stage of dryness, storage conditions, 

and transportation have significantly contributed to fungal development in feeds and ultimately, lead 

to aflatoxins contamination in feed and milk [16–18].  

Thus numerous studies in sub-Saharan African countries with warm-humid tropics and 

subtropics climates were highly prevalent with AFM1 in the raw milk of dairy cows. Accordingly, 

Kagera et al., [19] reported, 98.8% (N=84) prevalence and 83.66±64.68 ng/L mean of AFM1 in raw milk 

collected from the smallholder dairy farmers in the Kasarani sub-county of Kenya. In the same 

country, a higher prevalence of 100%, (N=150) was reported with 58% of the sample exceeding the 

EU tolerable limit [20]. However, Anyango et al., [21] reported, a comparably lower occurrence of 

AFM1 (37.5%, N=72) in raw milk collected from the urban and peri-urban areas of Kisumu county in 

Kenya, which 26.4% exceed the tolerable limit of EU standard. 

Similarly, a 100% (N=112) prevalence and 0.55±0.18 µg/L level of AFM1 was reported in raw milk 

of dairy cows collected from three agro-ecological zones in Malawi, which 98% and 22% of the sample 

exceeded the tolerable limit of EU and FDA, respectively [22]. Of 25 milk samples collected from 

Dairy Farms in Khartoum, 92% contain AFM1 [23]. Likewise, Nishimwe et al., [24] reported, a 91.8% 

(N=170) prevalence, and 0.89±1.64µg/L mean of AFM1 with a 38.8% sample exceeding the EU 

tolerable limit in Rwanda. Also, a high prevalence of AFM1 (83.8%, N=37) was reported in milk 

collected from smallholder dairy farmers in Tanzania, where 100% and 16.1% exceeded the EU and 

FDA tolerable limits, respectively [25]. While in a recent finding by Kitigwa et al., [26], a lower 

prevalence of 30.7% with 27.9% exceeding the EU limit, was reported in milk samples collected from 

the smallholder dairy farmers in Tanzania.  

Like in many East African countries, research revealed that AFM1 posed a critical challenge for 

the dairy industry, with the significant prevalence in raw milk of dairy cows in Ethiopia. Accordingly, 

Dawit et al., [27] reported, a 100% prevalence and 4.91 µg/L average of AFM1 in 110 raw milk collected 

from the greater Addis Ababa milk sheds, which 97.8% of the sample exceeded the EU tolerable limit 

of 0.05 µg/L, and 26.3% surpassed the FDA limit of 0.5 µg/L. A year later, a study conducted by 

Abenet [28] revealed that 93% (N=42) of milk samples from Dairy Farms in Addis Ababa and nearby 

districts had been contaminated by AFM1, with 86% of the samples exceeding the EU tolerable limit. 

In another study conducted in the Guraghe zone of the SNNP region, 80% (N=10) of occurrence and 

0.31 µg/L level of AFM1 in milk samples was reported, where 68% of the samples exceeded the EU 

tolerable limit of 0.05 µg/L [29]. 

Furthermore, among 64 milk samples collected from different urban and peri-urban areas of 

Oromia, Amhara, and SNNP regions all samples were contaminated by AFM1, with 50% and 14% 

exceeding the EU and FDA limit respectively [30]. Similarly, a 100% (N=108) prevalence and level of 

0.69±0.505 µg/L of AFM1, in which 96% and 82% of the samples exceeded the EU and FDA limits 

respectively, was reported in raw milk collected from Bishoftu town in Ethiopia [31]. 

In Ethiopia, the urban population has been projected to be 23.20% by 2023, signifying rapid 

urbanization [32], with a 4.8% rate of urbanization increase annually [33]. Derived by rapid 

urbanization, then, the demand for milk and milk products has been increasing in the major Urban 
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Centers [33]. Thus, to address these demand-supply gaps for milk and milk products in urban areas, 

the roles played by urban and peri-urban dairy and specialized dairy production systems (SD) are 

remarkable [33]. Thus, Shapiro et al., [34] reported, a 125% increase in milk production by the SD 

from 2014/15 to 2019/20, where these specialized dairy and most urban and peri-urban dairy, 

primarily rely on concentrate supplementation [35–37].  

Likewise, in this study, the three selected Urban Centers of Eastern Ethiopia, the rapidly 

increasing urban dwellers, contributed to the demands for milk and milk products [38][39][40]. 

Consequently, substantial indoor dairy operations, where wheat bran, maize feeds, total mixed 

rations, and brewer’s yeast byproducts were commonly supplemented to the dairy cows to increase 

milk yield [41,42]. However, the high susceptibility of these feeds to the Aspergillus species and 

associated aflatoxins [27], and consequent led to contamination of milk, poses a critical challenge to 

the dairy industry as well as public health [43]. Therefore, this study aimed to investigate the 

prevalence and level of AFM1 in raw milk collected from indoor Dairy Farms and local Milk Vendors 

across the three selected Urban Centers in Eastern Ethiopia. 

2. Materials and Methods 

2.1. Study Site Selection  

This study was conducted in three major Urban Centers of Eastern Ethiopia such as Chiro town, 

Dire Dawa, and Harar cities (Figure 1). These Urban Centers were purposively selected for their 

potentiality of the specialized dairy farming and main milk sheds/marketing centers of the region 

[39,41,42]. The selected urban centers are situated in varied agro-ecological climates. Thus, Chiro 

town has semi-arid agro-ecology (1,757 m.a.s.l.) [44], while Dire Dawa city is situated in lowland 

agro-climates (1170 m.a.s.l.) [45]. However, Harar city is located within a range of 1900-2200 m.a.s.l. 

where most parts have highland agro-climates [46]. 

 

Figure 1. Map of the study areas. 

2.2. Milk Sample Collection 

In this research, raw milk samples of dairy cows were collected from specialized dairy farms 

and milk vendors in Chiro town, Dire Dawa, and Harar cities in Eastern Ethiopia from September 

2021 to January 2022. As a result, a total of 180 milk samples; in which 60-samples per each Urban 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 March 2024                   doi:10.20944/preprints202403.0371.v1



 4 

 

Center (Chiro town=60, Dire Dawa city=60 and Harar city=60) were collected. Subsequently, these 

milk samples were further categorized into two major Milk Sources, such as Specialized Dairy Farms 

(30) and Milk Vendors (30). Accordingly, 30 raw milk samples were collected from each milk source 

per urban center. Therefore, a total of 180 (30x2x3=180) raw milk samples of dairy cows were collected 

and analyzed. The sample size was determined, according to Daniel and Cross, [47], with 0.866 

expected prevalence of AFM1 in milk as reported on [48] and a 5% precision level.   

Before milk sample collection, detailed consultations were held with the agricultural 

administrators, livestock experts, and extension workers of the targeted urban centers to identify the 

potential kebeles (the smallest administrative unit) for Specialized Dairy farming and major milk 

marketing centers. Then, the livestock development office provided, a list of specialized dairy farms, 

from which the sampling dairy farms were randomly selected and used for milk samples collection. 

Subsequently, in collaboration with livestock extension workers, the local milk vendors were 

randomly selected by visiting the identified marketing centers, by maintaining equal chances of 

selection for all attendants at the time of sample collection. Thus, raw milk samples of cow were 

purchased from the identified milk vendors until the targeted number of samples was obtained. 

Thus 0.5 L of milk sample was collected from the bulk of milk containers from each of the 

identified Dairy farms and Milk vendors into the sterilized and labeled Falcon tube. The milk samples 

were transported to Haramaya University’s Dairy Sciences Laboratory and kept at a -20 ℃ deep 

freezer until further analysis. AFM1 analysis was conducted, at the Animal Products, Veterinary Drug 

and Feeds Quality Assessment Center (AVDFAC) lab facility in Addis Ababa. 

2.3. Analysis of Aflatoxin M1 Using HPLC 

2.3.1. Milk Sample Extraction 

The liquid milk samples were extracted following the procedures outlined in the AOAC official 

method [49] with slight modifications. Liquid milk samples retrieved from the deep freezer were 

placed in a 35-40 ℃ water bath for about 30 minutes. Samples were then manually shaken for 5 min 

to ensure homogeneity. Followed by centrifugation at 3500 rpm for 15 min, the fat layer was 

separated and discarded using a spatula. The fatless samples were filtered using Whatman No. 5 

filter paper and 50 mL of filtrate was transferred to the cleanup step. 

2.3.2. Sample Cleanup and HPLC Condition 

The liquid milk sample cleanup for AFM1 testing was performed according to the instructions 

enclosed with the test kit of immunoaffinity column (IAC) and the method described by Iqbal et al., 

[50], with little modifications. Thus, 50 mL of defatted milk samples were passed through the 

AflaClean IAC (AflaClean LCTech GmbH, Germany) attached to a manifold (Supelco Visiprep™, 

Germany) and vacuum pump (Primatec, Itu, Brazil) at a flow rate of 1-3 mL/min. The column was 

washed twice with 10 mL of distilled water at the same flow rate. Then, the bound of AFM1 was 

eluted with 3.0 mL of HPLC grade acetonitrile, and the eluate was collected in glass vials. The eluate 

of AFM1 residue was evaporated to near dryness using a gentle nitrogen stream at 40 ℃ (MultiVap54, 

LabTech, Germany). Then, the dried residues were placed in a dark place for 15 minutes at room 

temperature and the caps of the vials were tightened. Then, a 200 µL of water: acetonitrile: methanol 

solution (65:20:15, v/v/v) was added to the vials. A 20 µL portion of the solution was injected into the 

HPLC for AFM1 analysis. 

The Agilent 1200 system (Agilent Technologies, Santa Clara, CA, USA) High-Performance 

Liquid Chromatography (HPLC) coupled with Fluorescence Detector (FLD), Chemstation Software 

(Agilent Technologies), binary pump, vacuum degasser, autosampler, and Agilent column (Eclipse 

XDB-C18, 1.8 µm, 4.6 × 50 mm) was used to analyze AFM1. The mobile phase is composed of an 

isocratic mixture of water/acetonitrile (75:25, v/v) and a flow rate of 1.4 mL/min. The 365 nm excitation 

and 425 nm emission wavelengths were used. 

2.4. Data Validation 
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Data validation of the method includes linearity, limits of detection (LOD) and quantitation 

(LOQ), accuracy, and precision as described in the regulation of the EU [51]. The calibration curves 

to quantify AFM1 in raw milk were prepared using the AFM1 standard solutions (Sigma®) prepared 

in acetonitrile at five levels ranging from 0.01 – 1.0 µg/L. The AFM1 levels in the samples were linearly 

correlated with the integrated peak areas of the standard solutions. Thus, the linearity was verified 

from the calibration curve, and the coefficient of determination (R2) from regression analysis. The 

limits of detection (LOD) and limit of quantification were determined from the analysis of the 

triplicate of the blanks by considering, 3:1 and 10:1 signal-to-noise ratio respectively. The accuracy 

and precision have been determined by spiking samples at a known concentration levels of AFM1 

standard solution into the test portion of the sample (in triplicate). Then, the accuracy of the method 

was assessed by the percent of recovery (R %), while precision was expressed as the percent of relative 

standard deviation (RSD %). Therefore, R% and RSD% were computed using equations 1 and 2. 

R% = Conc. in spiked sample – Conc. in unspiked sample × 100%         (1) 

                         Conc. in unspiked sample 

RSD% = SD of replicated concentration × 100%                        (2) 

                                                               Mean of R% 

2.5. Data Analysis 

Data were entered into Microsoft Excel 2016 (MS Excel®) and exported to SPSS software version 

27 (IBM SPSS, Chicago, IL, USA) for analyses. Aflatoxin M1 levels in milk were categorized into legal, 

beyond legal, or others, based on ESA/EU and FDA acceptance levels of AFM1. Qualitative data were 

summarized using graphs and frequency tables. While, mean ±standard deviation, maximum, and 

minimum values were determined for quantitative data. The significant difference in AFM1 levels in 

raw milk between the study site and milk source was determined using the ANOVA test (α = 0.05). 

Also, the regression analysis was used to determine the value of R2 or the equation of straight line 

constructed by MS Excel. A significance level of p < 0.05 was used. 

3. Results 

3.1. Method Validation  

The linearly relationship between the response of instrument and the concentration of AFM1 

was tested plotting a six level standard curve spiked at 0.01, 0.02, 0.04, 0.5, and 1.0 µg/L. Thus Figure 

2, demonstrated a linearity with calibration curve equation of y = 0.7779x + 0.0011; where y is the peak 

areas and x is the concentration of AFM1 (µg/L). Also, the coefficient of determination (R2) value of 

0.9992 revealed an acceptable fit of the data to the regression line. 

 

Figure 2. Calibration curve of AFM1 standard. 
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Additionally, the sensitivity of the method was evaluated by LOD and LOQ and presented in 

Table 1. Thus 0.008 µg/L and 0.026 µg/L values of LOD and LOQ were analyzed in the milk samples 

of this study. The limit of detection and quantification in this study was shown greater sensitivity 

than the LOD (0.045 µg/L) and LOQ (1.35 µg/L) presented by Adise et al., [52] in raw milk. The result 

of the accuracy was evaluated percent recovery (%R), while precision was tested by percent of relative 

standard deviation (%RSD) (Table 1). Thus, the %RSD of the instrument method was 1.71%, while 

the %R ranges from 127.62–91.64%. The matrix spiked recovery of this study falls between 70 – 120% 

ranges of guidelines described by the Association Officials of Analytical Chemistry. The percent of 

relative standard deviation value of the samples was < 5%, indicating that the proposed method was 

precise. 

Table 1. Method performance characteristics for aflatoxins in samples. 

Aflatoxins Spiking level (ppb) R% LOD (µg/kg) LOQ (µg/kg) RSD% 

AFM1 0.01–0.5 127.62–91.64 0.008 0.026 1.71 

LOD = limit of detection; LOQ = limit of quantification; RSD = relative standard deviation. 

3.2. Occurrence of Aflatoxin M1 in Raw Milk across Study Sites and Milk Sources 

The prevalence of AFM1 in raw milk collected from specialized Dairy Farms and local Milk 

Vendors in three major Urban Centers of Eastern Ethiopia, such as Chiro town, Dire Dawa, and Harar 

cities is presented in Figure 3. As a result, an overall prevalence of AFM1 in 115/180 (63.9%) milk 

samples was found in this study, whereas, 36.1% (45/180) of the samples were negative or below the 

concentration of LOD (0.008 µg/kg). Also, in all over 180 raw milk analyzed, a higher prevalence of 

AFM1 in milk from Dire Dawa city (25.6%) than in milk collected from other Urban Centers was 

found. Whereas, the occurrence of AFM1 in milk samples from Chiro town (19.4%) and Harar city 

(18.9%) were not significantly different. Similarly, all over the milk samples analyzed, the higher 

occurrence of AFM1 in milk from the specialized Dairy Farm (36.7%) was found, compared to the 

occurrence in the samples from local Milk Vendors (27.2%). 

 

Figure 3. Occurrence of AFM1 in milk from Dairy Farms and Milk Vendors in Study Sites. 

Furthermore, among the contaminated milk samples (N=115), the prevalence of aflatoxin M1 in 

raw milk from the specialized Dairy farms and Milk Vendors in the study locations was presented in 

Table 2. Thus, among the contaminated milk, a substantial number of samples were within the range 
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of LOD to 0.05 µg/g (60.87%) level of AFM1, which are in compliant with the 0.05 µg/L maximum 

permissible limit of the Ethiopian Standard Agency (ESA) [53] or European Union (EU) [54], while a 

few samples with concentration range of 0.051 to 0.5 µg/kg (13.04%) was found. However, the 

samples beyond a level of 0.5 µg/kg (26.08%) are critically important.  

Moreover, a significant difference (P <0.05) in AFM1 occurrence, among the contaminated milk 

samples (N=115) was observed, across the study locations. Thus, a higher prevalence of AFM1 in the 

milk samples from Dire Dawa city (40.0%) was found compared to the prevalence in the milk from 

Chiro (30.43%) and Harar (29.57%) Urban centers. While either AFM1 levels ranging from LOD to 

0.05 µg/L and 0.051-0.5 µg/L were found significant between Study Sites. However, a significantly 

higher number of samples beyond a 0.5 µg/L, in milk from Dire Dawa city (14.78%), indicated more 

milk with a higher level of AFM1 in this Urban Center, than in milk from the other ones. 

Similarly, among the positive samples (N=115), the prevalence of AFM1 in milk from specialized 

Dairy Farms and local Milk Vendors was found significant (P <0.05). Accordingly, the prevalence of 

AFM1 in milk samples collected from specialized Dairy Farms (36.7%) was significantly higher, 

compared to the prevalence in Milk Vendors (27.2%). Moreover, the concentration range of 0.051 to 

0.5 µg/L and beyond 0.5 µg/L was not significant between the Milk Sources, but the concentration 

ranging from LOD to 0.05 µg/L was significantly higher in the milk collected from Dairy Farms 

(35.65%) than in Milk Vendors (25.22%).  

Table 2. The prevalence of AFM1 in raw milk across Study Sites and Milk Sources (N=115). 

Categories N+ (%) LOD-0.05 (%) 0.051-0.5 (%) >0.5 (%) 

Study Sites     

 Chiro town 35 (30.43) a 26 (22.61) 5 (4.35) 4 (3.48) a 

 Dire Dawa 

city 

46 (40.00) b 20 (17.39) 9 (7.83) 17 (14.78) b 

 Harar city 34 (29.57) a 24 (20.87) 1 (0.87) 9 (7.83) a 

 P-value * ns ns * 

Milk Source     

 Milk vendor 49 (42.61) 29 (25.22) 7 (6.09) 13 (11.30) 

 Dairy farm 66 (57.39) 41 (35.65) 8 (6.96) 17 (14.78) 

 P-value * * ns ns 

Total  115 (100) 70 (60.87) 15 (13.04) 30 (26.08 

Column under the same category that bears different superscripts are significantly different (α ≤0.05); * = P >0.05; 

ns = not significant; N+ = positive samples; LOD = limit of detection. 

3.3. Level of Aflatoxin M1 in Milk across Study Sites and Milk Sources 

The mean level and concentration range of AFM1 recovered from the raw milk samples collected 

from Dairy Farms and Milk Vendors across Study Sites were presented in Table 3. Consequently, an 

overall mean concentration of AFM1 of 0.179±0.48 µg/L with a range of LOD – 3.85 µg/L was found 

in this study, in which 39.13% and 26.08% of the contaminated samples exceeded the tolerable limit 

of Ethiopian Standard Agency (ESA) or European Union (EU) and Food and Drug Authority (FDA) 

[55] respectively.  

Furthermore, the analysis of the mean difference revealed a highly significantly different (P 

<0.01) concentration level of AFM1 in milk samples between the Study Sites. Thus, a highly significant 

mean level of AFM1 of 0.344±0.72 µg/L within a range of LOD – 3.85 µg/L was recovered in the milk 

samples collected from Dire Dawa city compared to the mean level found in the samples from Chiro 

town and Harar city. However, a mean level of 0.055±0.13 µg/L (range: LOD – 0.545 µg/L) in milk 
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samples collected from the Chiro town was not significant compared to a mean level of 0.140±0.33 

µg/L (range: LOD – 1.55 µg/L) in samples collected from the Harar city.  

Similarly, 22.61% and 14.78% of milk samples from Dire Dawa city exceeded the maximum limit 

of ESA/EU (0.05 µg/L) and FDA (0.5 µg/l) levels of AFM1 respectively, were found significantly 

higher, compared to the samples exceeding the maximum limit in milk from the other Study Sites. 

However, the samples greater than the ESA/EU (7.83%) and FDA (3.48%) limit of AFM1 level in milk 

from Chiro town was not significant compared to the samples exceeding ESA/EU (8.7%) and FDA 

(7.83%) limit in milk from the Harar city. 

Furthermore, the mean level of AFM1 concentration recovered from the raw milk was found 

significant (P >0.05) between the Milk Sources. As a result, a mean concentration of 0.252±0.64 µg/L 

(range: LOD – 1.037 µg/L) recovered from the milk samples of the specialized Dairy Farms was 

significantly higher, compared to a mean level of 0.107±0.21 µg/L (range: LOD – 2.701 µg/L) that was 

recovered from the local Milk Vendors. Also, the samples beyond the tolerable limit of ESA/EU 

(21.74%) and FDA (14.78%) limit of AFM1 concentration in milk from specialized Dairy Farms were 

not significant compared to the samples beyond ESA/EU (17.39%) and FDA (11.30%) limit in milk 

collected from Milk Vendors. In this study, the interaction of AFM1 concentration level in milk 

samples between the Study Sites and Milk Sources was found non-significant (P >0.05). 

Table 3. The mean level of AFM1 in raw milk across Study Sites and Milk Sources. 

Category Mean ±SD 

(µg/L) 

Range  

(µg/L) 

%> ESA/EU 

(N=115) 

%> FDA (N=115) 

Study Sites 
 

   

 Chiro town 0.055±0.13 a LOD – 0.545 9 (7.83) a  4 (3.48) a 

 Dire Dawa city 0.344±0.72 b LOD – 3.850 26 (22.61) b 17 (14.78) b 

 Harar city 0.140±0.33 a LOD – 1.550 10 (8.7) a 9 (7.83) a  
P-value **  ** * 

Milk Source 
 

   

 Milk vendor 0.107±0.21 LOD – 2.701 20 (17.39) 13 (11.30) 

 Dairy farm 0.252±0.64 LOD – 1.037 25 (21.74) 17 (14.78)  
P-value *  ns ns 

Overall 0.179±0.48 LOD – 3.85 45 (39.13) 30 (26.08) 

Study site*Milk 

source 

ns - - - 

Column mean of AFM1 levels that bear different superscript are significantly different (α ≤0.05); ns = P >0.05; ** 

= P <0.01; * = P <0.05; SD = standard deviation; ESA/EU = 0.05 µg/L; FDA = 0.5 µg/L; LOD = limit of detection 

(0.008 µg/L). 

Moreover, the mean level of AFM1 among the herd size and milk production scale per Dairy 

Farm were presented in Table 4. Thus, the level of AFM1 in raw milk among different herd sizes and 

milk production scales of Dairy Farms was found highly significant (P >0.01). As a result, a highly 

significant mean level of AFM1, 0.720±0.975 µg/L (range: 0.017 – 3.850 µg/L) in milk samples 

corresponding to the Dairy Farm with large herd size (≥16 dairy cows). However, the level of AFM1 

recovered in the milk samples corresponding to medium herd size (6-15 cows) Dairy Farm (mean: 

0.028±0.030 µg/L; range: LOD – 0.109 µg/L) and small herd size (≤5 cows) Dairy Farm (mean: 

0.029±0.089 µg/L; range: LOD – 0.513 µg/L) was not significantly different. Similarly, a highly 

significant level of AFM1, 0.763±0.974 µg/L (range: 0.021 – 3.85 µg/L) in milk corresponding to the 

large-scale milk producing Dairy Farms than in milk samples corresponding to the medium (mean: 

0.023±0.026 µg/L; range: LOD – 0.126 µg/L) and small (mean: 0.017±0.031 µg/L; range: LOD – 0.109 

µg/L) scale milk producing Dairy Farms.  
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Table 4. Level of AFM1 in milk collected from Dairy Farms across herd size and milk production 

scales. 

Categories  Mean ±SD (µg/L) Min. (µg/L) Max. (µg/L) P-value 

Herd Size      

 Small scale (≤5 cows) 0.029±0.089 a LOD 0.513 0.01 

 Medium scale (6-15) 0.028±0.030 a LOD 0.109 

 Large scale (≥16) 0.720±0.975 b 0.017 3.850 

Milk Produced/Farm (L)     

 Small scale (≤20) 0.017±0.031 a LOD 0.109 0.01 

 Medium scale (20-40) 0.023±0.026 a LOD 0.126 

 Large scale (≥41) 0.763±0.974 b 0.021 3.850 

LOD = limit of detection (≥0.008 µg/L); SD = standard deviation. 

4. Discussion 

Milk is widely regarded as a source of essential nutrients, that are consumed globally across 

different age groups, particularly, by infantry, children, pregnant women, and the elderly [20,56]. 

However, it could be a potential source of toxic compounds like aflatoxin M1, which poses serious 

health risks, including liver cancer [57]. This study assessed the prevalence and level of AFM1 in milk 

collected from indoor Dairy Farms and local Milk Vendors in three Urban Centers and compared it 

with the different findings from several countries (Table 5). Thus, to the best of our knowledge, a 

study has not been published yet, pertaining to the AFM1 in raw milk of dairy cows from the current 

study areas. Therefore, in this study, aflatoxin M1 was detected in 115/180 (63.9%) milk samples with 

an overall average concentration of 0.179±0.48 µg/L, which ranges from LOD (0.008 µg/L) to 3.85 

µg/L. Thus, in the present study higher occurrence and level of AFM1 in raw milk indicates that 

lactating cows have been exposed to concentrate feeds or feed ingredients that are prone to AFB1 

contamination [58,59], despite the determination of AFB1 in feeds has not been the scope of this study.  

Our study revealed a considerable variation in AFM1 prevalence and concentration in milk from 

different regions in Ethiopia. Thus, compared to the present study, higher contamination of AFM1 

with 100% (N=110) prevalence and 4.98 µg/L average concentration in greater Addis Ababa milk 

sheds [27], 100% (N=108) prevalence and 0.69±0.505 µg/L average concentration in Bishoftu town [31], 

100% (N=64) prevalence and 0.319±0.5 µg/L mean level in different Urban Centers of Oromia, 

Amhara and former SNNP region [60], and 99% (N=100) prevalence and 0.47±0.73 µg/L mean level 

in South Gonder Zone [61] were reported in raw milk from various locations in Ethiopia. 

Additionally, a higher occurrence, but relatively lower level of AFM1 in raw milk from Addis Ababa 

and nearby towns (93%; average: 0.029 µg/L) and milk from different sites of Central Highland (71%; 

average: 0.054 µg/L) were reported in Ethiopia [28,62].  

Furthermore, in some East African countries, higher occurrences of AFM1 in raw milk of dairy 

cows, with a contamination rate of 95.45% (N=44; mean=2.07 µg/L) in Sudan [63], prevalence of 100% 

(N=96; mean: 0.290.3 µg/L) in Kenya [64] and occurrence of 83.8% (N=37) in Tanzania were reported 

[25]. However, consistent with this finding, the prevalence rate of AFM1 of  68.42% (N=38), 64.2% 

(N=38), and 58.8% (N=701) in Yemen, Pakistan, and Lebanon were reported respectively [50,65,66]. 

Similarly, the average concentration of 0.183 µg/L (N=38), and 156.71 ng/L (N=84) of AFM1 were 

reported in the raw milk of dairy cows of Algeria and Yemen respectively [50,67]. However, the 

variation in AFM1 prevalence within different reports may be associated with different methods for 

toxin detection, geographical locations, agro-climatic variations, feed sources or feed ingredients, and 

feed storage conditions [17,48,59].  

In the present study, out of the contaminated milk samples (N=115), the levels of AFM1 in 45 

(39.13%) and 30 (26.08%) samples were higher than the threshold limits of ESA/EU and FDA 

respectively. Compared to the current study, a higher level of AFM1 exceeding the tolerable limit of 

ESA/EU (97.8%), but comparable with FDA (26.5%) was reported in the greater Addis Ababa milk 
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shed in Ethiopia [27]. Likewise, 58% and 42% of milk samples from different sites of Central Highland 

and 96% and 82% of milk from Bishoftu town contain the concentration of AFM1 exceeding the 

threshold limit of ESA/EU and FDA in Ethiopia [31,62]. However, Iqbal et al. [65]  and Daou et al. 

[66] reported that 25% and 28% of the milk samples exceeded the tolerable limit of ESA/EU (0.05 

µg/L) of AFM1, which is relatively lower compared to the present finding.  

Furthermore, data obtained in the present study indicates that Dire Dawa city, a relatively hotter 

Urban Center, was the origin of milk samples containing significantly higher prevalence (40.0%) as 

well as mean level (0.344±0.72 µg/L) of AFM1 than in the milk samples from the Chiro town and Harar 

city. However, a 30.43% prevalence and 0.055±±0.13 µg/L mean level of AFM1 in milk samples from 

Chiro town was not significant compared to a 29.57% prevalence and 0.140±0.33 µg/L average level 

in the milk samples collected from the Harar city. In agreement with the present finding, Njombwa 

et al., [22] reported, a significantly higher level of AFM1 in raw milk from the hotter Lakeshore Agro-

ecological Zone, compared to the Mid and Highland Agro-ecological Zones in Malawi. This notion 

supports that, AFB1 is more frequently produced in the areas with high environmental temperatures 

and humidity, where Aspergillus fungi thrive much better than in relatively less hot and dry 

environments. Thus, the level of AFB1 produced is metabolized into AFM1 by mammals and 

subsequently secreted into milk [68].  

Likewise, a finding in another study revealed, a considerable variation in AFM1 contamination 

rate and mean level recovered from raw milk samples collected from different regions in Algeria [67]. 

Thus, the highest contamination of 77.27% and mean of 152.46±44.14 ng/L in milk samples from the 

Center North region than in the milk samples from the Northeast region (prevalence: 30.43% and 

mean: 32.94±11.87 ng/L) and Northwest region (prevalence: 38.64% and mean: 57.05±21.67 ng/L). In 

support of our finding, the authors in this study have noted that the variations of AFM1 level or 

contamination in raw milk between different regions in Algeria were linked to geographical and 

climatic differences.  

Additionally, the prevalence of 57.39% and concentration level of 0.252±0.64 µg/L of AFM1 in 

milk samples collected from the specialized Dairy Farms was found significant, compared to 42.61% 

prevalence and 0.107±0.21 µg/L mean in the milk samples collected from the local Milk Vendors. 

Similar to the current study, Zebib et al.,  [60] reported, a higher mean concentration of AFM1 in milk 

from producers/farmers (0.132 µg/L) than that of the milk from the farm gate markets (0.022 µg/L) in 

the former SNNP region in Ethiopia. In agreement with this finding, a study conducted in Nairobi 

Kenya revealed, a significantly higher level of AFM1 in the milk samples from the Dairy Farms 

(627.5±238.19 µg/L) than in the samples collected from milk shops (28.8±0.0 µg/L)  [64]. Similarly, 

the study conducted by Kirino et al., [69] concluded that AFM1 levels in milk samples from the 

individual Dairy Farms were higher than in the milk samples collected from dairy shops, kiosks, 

vendors, and groceries.   

Moreover, as shown in Table 5, the level of AFM1 recovered from the raw milk samples among 

large-scale herd size (0.720±0.975 µg/L) and large-scale milk producing Dairy Farms (0.763±0.974 

µg/L) were found significant compared to the Dairy Farm with medium and low-scale herd size and 

milk production. Similarly, despite comparable occurrence of AFM1 in milk obtained from small 

(46.8%, N=47) and large (45.94%, N=37) herd size, the mean level of AFM1 in milk samples 

corresponding to the large herd size Dairy Farm (90.16±43.02 ng/L) was found significantly higher 

than the mean level of AFM1 recovered from the milk samples corresponding to small herd size Dairy 

Farm (58.59±27.44 ng/L) in Algeria [67]. This may be related that the large herd size Dairy Farms as 

well as large-scale milk producing Dairy Farms, the animals are mainly fed from different concentrate 

feeds [33], which are more prone to Aspergillus fungus and subsequent aflatoxin contamination. 

Table 5. Level of AFM1 in raw milk of dairy cows across different countries. 

Countries Methods N + (%) >EU 

(%) 

>FDA 

(%) 

Mean Ref. 

Ethiopia HPLC 180 63.9 39.13 26.08 0.179±0.48 µg/L This study 
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Sudan HPLC 44 95.45 100 83.33 2.070 µg/L [63] 

Iran HPLC 204 80.3 56.7 - 0.660 µg/L [70] 

Egypt HPLC 10 6 - - 0.061 ng/L [71] 

Ethiopia HPLC 42 93 86 - 0.029 µg/L [28] 

Yemen HPLC 38 68.42 36.84 - 0.183 µg/L [50] 

Pakistan HPLC 38 64.2 25 - 0.082 µg/L [65] 

Algeria HPLC 84 46.42 - 1.19 156.71 ng/L [67] 

Lebanon HPLC 701 58.8 28.0 - 0.035±0.051 µg/L [66] 

Kenya HPLC 96 100 66.4 7.5 290.3±66.3 ng/L [64] 

Ethiopia ELISA 45 71 58 42 0.054 µg/L [62] 

Ethiopia ELISA 110 100 97.8 26.3 4.980 µg/L [27] 

Ethiopia ELISA 108 100 96 82 0.69±0.505 µg/L [31] 

Ethiopia ELISA 100 99 41 - 0.47±0.73 µg/L [61] 

Kenya ELISA 72 37.5 26.4 - - [21] 

Malawi VICAM 112 100 98 22 0.55±0.18 µg/L [22] 

Pakistan ELISA 340 86.66 - 34.45 0.520 µg/L [48] 

Kenya ELISA 96 - - - 627.5±238.19 ng/L [64] 

Kenya ELISA 150 100 58 - - [20] 

Kenya ELISA 84 98.8 64 - 83.66±64.68 ng/L [19] 

Pakistan HPLC 28 64.2 25 - 82.4 ± 7.8 ng/L [65] 

Algeria ELISA 84 46.42 - 1.19 71.92±28.48 ng/L [67] 

Iran ELISA 180 77.2 22.7 - 56.32 ± 74.37 ng/L [56] 

Sudan VICAM 25 92 - - - [23] 

Rwanda VICAM 170 - 91.8 38.8 0.89±1.64 µg/L [24] 

Tanzania HPLC - 30.7 27.9 - - [26] 

Tanzania HPLC 37 83.8 100 16.1 - [25] 

5. Conclusions 

Aflatoxin M1 was found, highly prevalent in the raw milk of dairy cows collected from the 

selected Urban Centers in Eastern Ethiopia, with an overall prevalence of 63.9% and an average of 

0.179±0.48 µg/L. The AFM1 level in 45 (39.13%) and 30 (26.08%) milk samples were higher than the 

thresholds set by ESA/EU and FDA respectively. The prevalence as well as average concentration of 

AFM1 in the milk samples was found significant across the Urban Centers and Milk Sources. Thus, a 

statistically higher prevalence and level of AFM1 in milk collected from Dire Dawa city were found, 

compared to the other Urban Centers. Similarly, higher contamination and levels of AFM1 in milk 

samples collected from Dairy Farms than the samples collected from Milk Vendors were observed in 

this study. Therefore, urgent interventions, such as milk quality monitoring and regulatory measures, 

together with the awareness creation among the different dairy stakeholders are very critical to 

mitigate AFM1 contamination in milk and milk products in study locations, especially, where higher 

rate of contamination has been observed. Moreover, further studies, on the factors contributing to 

aflatoxin contamination in cow milk, particularly, the interaction of seasonal weather variation with 

aflatoxin in milk is commendable. 
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