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Abstract
Aflatoxin contamination of animal feed threatens livestock production and can harm human health when aflatoxin B1 
(AFB1) is carried over as aflatoxin M1 (AFM1) into milk for human consumption; therefore, aflatoxins in cattle concen-
trate feeds sold in Dar es salaam, Tanzania were determined in this study. Aflatoxins in cattle concentrate feeds were 
determined using Enzyme-linked Immuno-sorbent Assay (ELISA) and High-Performance Liquid Chromatography with a 
Fluorescent Detector (HPLC-FLD) and potential carry-over was determined using carry-over equations. Aflatoxins were 
found in 78% of the concentrate feed samples in the range LOD to 161.32 µg/kg. The mean total aflatoxins (TAFs) was 
25.89 ± 3.3 µg/kg, higher than WHO/US-FDA limit of 20 µg/kg in feed although the difference was insignificant (P = 0.81). 
AFB1 mean was 18.87 ± 2.45 µg/kg and significantly exceeded the WHO/US-FDA limit of 5 µg/kg of AFB1 in dairy feed 
(P = 3.05 × 10–10). Aflatoxins B2, G1 and G2, were also detected ranging from ND – 75.06 µg/kg. The calculated AFM1 in 
milk was in the range 0.001 – 0.363 µg/L in low milkers, 0.002–0.666 µg/L in medium milkers and 0.002–0.806 µg/L in 
high milkers. Carry-over was estimated to range from 1.2 to 1.7%. This study revealed that concentrate feed sold in Dar 
es salaam was highly contaminated with aflatoxins; noteworthy aflatoxin B1 exceeded the WHO/US-FDA limit implying 
potential carry-over into milk which could expose milk consumers to aflatoxins, hence livestock feed chain participants 
need to be sensitized.
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1  Introduction

High quality animal feed is essential for livestock productivity and profitability which eventually contributes to human 
food and nutrition security [1]. Compared to forage, concentrate feeds provide more energy and nutrients such as 
protein, vitamins, minerals, amino acids, enzymes and organic acids, therefore feeding livestock on concentrates has 
been proposed among possible solutions to supplement the growing livestock feed demand [1, 2] and to provide the 
nutritional requirements for improved livestock productivity. Globally, cereals and cereal based products such as maize 
(corn), wheat, barley, sorghum, and oats grains are constituents of livestock feed and in the developing world, maize 
(corn) is a major component of human food and animal feed [3].

The production of cereals and cereal-based products is threatened by mycotoxin contamination world-wide [3, 4] but 
this problem is more pronounced in tropical countries due to hot and humid climates [5]. Mycotoxins which threaten 
human and animal safety include: aflatoxins (AFs), fumonisins (FMs), ochratoxins (OTs), trichothecenes (TRCs), and 
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zearalenone (ZEN) [3, 6] however aflatoxins are considered the most toxic[6]. Aflatoxins which are naturally occurring 
mycotoxins produced by Aspergillus flavus and Aspergillus parasticus have been detected in livestock feed and human 
food worldwide and have often resulted in deleterious consequences on health and the economy [4, 7–10].

Consumption of aflatoxin contaminated feed has been reported to predispose livestock to infectious diseases, 
increased mortality and lower productivity [3, 5, 11]. Furthermore, the potential for carry-over of aflatoxins into milk 
and meat products threatens the quality and safety of human food [12, 13]. Human long-term exposure to aflatoxins is 
reported to result in immune suppression, stunted growth and hepatocellular carcinoma [14, 15]. In Tanzania, attention 
to aflatoxin contamination was intensified by an aflatoxicosis outbreak reported in central zone (Dodoma and Manyara 
regions) in year 2016 which affected 68 people resulting in 20 deaths [16].

Studies on aflatoxin contamination of maize and animal feed in East Africa revealed presence of aflatoxins in concen-
trations higher than East African Community (EAC) standard of 10 µg/kg in maize for human consumption and 20 µg/kg 
in livestock feed from major agroecological zones in Kenya [17, 18], in Uganda [7, 19], in Tanzania [20, 21]. While studies 
on aflatoxin contamination in Rwanda, Burundi and South Sudan are still few, aflatoxin concentrations higher than the 
EAC limit have been reported in maize, other grains and animal feed [22–25] demonstrating that aflatoxin contamination 
is a threat to food and feed security in East Africa.

Investigations on aflatoxin contamination of maize and other cereals indicate that it is still a serious problem in Tanza-
nia with detections higher than the Tanzania Bureau of standards (TBS) acceptable levels of 5 μg/kg [26–28] as a result of 
poor post-harvest practices and limited awareness [29], therefore, animal feed is at risk of contamination. Aflatoxin B1 in 
animal feed was reported in maize bran (76 µg/kg) and sunflower cake (63 µg/kg) at levels higher than the international 
allowable standard of 20 µg/kg for animal feeds [30].

When Aflatoxin B1 in feed is consumed by cows, it is converted into aflatoxin M1 in their milk [12] which can threaten 
the health of milk consumers. Aflatoxin carry-over in milk, cheese and meat products was reported by several authors 
[31–34], yet consumption of aflatoxin contaminated feed can threaten human food safety. Moreover, more than one type 
of aflatoxin can be present in a feed sample, thus a need for a more comprehensive analysis of occurrence of aflatoxins 
in cattle feeds in order to determine their prevalence and the potential risk of carry-over of aflatoxin B1 into milk.

In mammals, aflatoxin B1 is metabolised to aflatoxin M1, which is excreted in milk. Different mathematical formulae 
have been proposed for calculation of carry-over of aflatoxin B1 into aflatoxin M1 in milk [12, 35]; although no single 
carry-over equation is considered superior, the carry-over rate is dependent on aflatoxin B1 intake, type of feed, milk 
yield and stage of lactation, the animal species, breed and general condition of the animal among other factors [34–36]; 
for example a carry-over of aflatoxin B1 into milk was reported to reach 6% depending on the intake of aflatoxin B1 and 
milk yield [12, 32]. While treatments for reduction of aflatoxins carry-over using calcium bentonite and activated charcoal 
treatment have been proposed [32] the effect of aflatoxin carry-over from contaminated feed remains a threat to the 
safety of human food derived from animal products.

In Eastern African countries, maize bran remains a relatively cheap ingredient for the formulation of livestock feed 
[30] its reported contamination with aflatoxins increases the potential of feed contamination. A high demand for animal 
products including milk in urban areas has led to an increase in urban farming [37] resulting in increased demand for 
animal feed. Supplementing forage with feed concentrates containing maize bran is affordable and increasingly popular 
yet potentially harmful. In this study, aflatoxins occurrence in cattle concentrate feed sold in Dar Es Salaam was investi-
gated to determine its prevalence and to estimate the carry-over into milk.

2 � Materials and methods

2.1 � Study area

Cattle concentrate feeds were collected from four main districts of Dar es Salaam namely: Ilala (6.9276° S, 39.1336° E), 
Temeke (6.9488° S, 39.4450° E), Kinondoni (6.7053° S, 39.1127° E) and Ubungo (6.7925° S, 39.2087° E), as shown in Fig. 1. 
Dar es Salaam, the most populated city in Tanzania, lies16 m above sea level; receives about 1114 mm/43.9 inch of pre-
cipitation annually and has an average annual temperature of about 27 °C [38].
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2.2 � Determination of sample size

The sample sizes for cattle feeds from each district were calculated using the method by Daniel and Cross [39] with a 
sample size calculator at 95% confidence level, 5% precision rate.

where: N = Population; Z = standard normal distribution = 1.96 at 95% confidence interval; σ = Population standard 
deviation; and d is the error component of interval estimated = 5%

2.3 � Sample collection

One hundred and three (103) livestock feed-processors and feed-dealers were identified in the districts of Temeke, 
Ubongo, Kinondoni and Ilala through a survey. The concentrate feed samples, were collected from feed processors and 
agro-vet stores in each district from June to September 2021; a sample of 500 g was collected from each sampling point 
following the sampling plan from CXS 193–1995(Rev.2019)General Standard for Contaminants and Toxins in Food and 
Feed, 1995) [40] and EAS 900:2017, Cereals and Pulses – Sampling published by East African Community.

Briefly, in a consignment of < 20 bags of concentrate feed, a 25 g sample was drawn from every bag, in a consignment 
of > 20 and < 100 bags, a 20 g sample was drawn from 25 bags which were randomly selected for sampling while in a 
consignment of > 100 and < 1000 bags, a 10 g sample was drawn from 55 bags which were randomly selected. In total 81 
samples (Table 1) were collected from the key actors i.e. Temeke 20, Ubungo 20, Kinondoni 14 and Ilala 27 by excluding 
twenty (20) actors who produced or sold other types of livestock feed since the focus of this study was cattle feed. The 
concentrate feed samples were collected in paper bags to prevent fungal growth during shipment and were kept at 20° C 
till further analysis. All equipment used during analysis were cleaned to minimize sample contamination as recommended 
in Codex- CXS 193-1995, last amendment-2019.

2.4 � Sample analysis using enzyme‑linked immunosorbent assay (ELISA)

Sample preparation and analysis followed the methods described in Richard et al. [41]. Briefly, a test sample was prepared 
by transferring 20 g of the finely ground and homogenized concentrate sample into an Erlenmeyer flask, followed by 

n =
NZ2�2

d2(N − 1) + Z2�2

Fig. 1   Map of Dar es Salam 
showing sampling area
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addition of NaCl (4 g). These were mixed with extraction solvent (100 ml) made up of analytical grade methanol and 
water (70:30), shaken thoroughly for 3 min, and the mixture filtered using a filter paper (Whatman No. 01). The filtrate 
(50 µL) was transferred to the premixing wells where it was mixed with an enzyme labelled aflatoxin conjugate (50 µL).

The resultant solution (100 µL) was transferred into the anti-aflatoxin microtiter plate where it was incubated for ten 
minutes at room temperature in the dark. After incubation, the excess liquid was poured off and the plate washed three 
times with phosphate buffer solution, any unbound enzyme conjugate and aflatoxin molecules was removed in this 
washing step. Developing solution (100 mL, chromogen substrate) was added onto the plate, followed by addition of 
25 mL chromogen substrate. The enzyme converted the colourless chromogen into a blue product, and 50 mL of stop 
solution was added and mixed thoroughly with rotary motion for 30 s, leading to colour change from blue to yellow. The 
absorbance of the sample was measured with microplate reader at 450 nm.

2.5 � Sample analysis using high performance liquid chromatography with a fluorescence detector 
(HPLC‑FLD)

HPLC-FLD was used for confirmation and quantification of Aflatoxins following the ISO 16050 Foodstuffs method. A 
ground and homogenised sample (25 g), was transferred into the Erlenmeyer flask where an extraction solvent (100 mL) 
made up of methanol: water (70:30) was added. The flask containing the mixture was wrapped and covered with 
aluminium foil, and shaken using a gyratory shaker for 30 min at 250 rpm. The mixture was then filtered using filter 
paper (Whatman no 1) to obtain a filtrate/ extract. The extract (4 mL) was diluted with distilled water (8 mL), mixed in 
a Teflon tube, and vortexed for 1 min after which it was subjected to a clean-up using an immunoaffinity column. The 
bonded aflatoxin was eluted from the column using 0.5 ml, of methanol (HPLC grade) three times into the sample vial 
which was later vortexed for 30 s. From the vortexed vial, 0.3 ml of eluate was pipetted and mixed with 0.6 ml of distilled 
water and 0.1 ml acetonitrile.

The eluate sample (10 µL) was injected into an HPLC (1200 series Agilent Technology) for aflatoxin detection. Isocratic 
mobile phase (water: methanol: acetonitrile 60: 30: 10) was used for separation of aflatoxin on a C-18 (ZORBAX RX-C18, 
4.6 × 250 mm) column at a temperature of 30 °C and flow rate of 1.2 mL/min. Detection of aflatoxins was achieved with 
fluorescence detector (FLD) at an emission wavelength 465 nm and an excitation wavelength of 360 nm. Separated peaks 
were recognized and computed by comparing with the standards.

Validation of the analytical methods was carried out according to international conference on Harmonization 
guidelines by using the mixed standard solutions and certified reference materials (CRM). A standard solution (B1, G2, 
G1, G2) of the concentration: 1 ng/mL, 5 ng/mL, 10 ng/mL and 15 ng/mL were prepared in order to prepare calibration 
curve as described in ISO 16050 Foodstuffs method.

2.6 � Statistical analysis

A one sample T-test [42] was used to compare aflatoxin concentration calculated from concentrate feed sample with 
the recommended standards for total aflatoxin and AFB1. Descriptive statistics were used to calculate the mean and 
total aflatoxins. Correlational statistics were used to compare ELISA and HPLC-FLD. Regression statistics was used to 

Table 1   Sample size within 
clusters

Cluster Key Stakeholder Population Sample size
(CI 95%, 0.05%)

Actual 
concentrate
feed sampled

Actual 
respondents

Temeke Feed processor 14 14 10 10
Agro-dealers 15 15 10 10

Ubungo Feed processor 16 15 14 14
Agro-dealers 10 10 6 6

Kinondoni Feed processor 8 8 8 8
Agro-dealer 10 10 6 6

Ilala Feed processor 10 10 10 10
Agro-dealers 20 19 17 17

Total 103 101 81 81
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calculate the correlation factor during HPLC-FLD method validation. One-way ANOVA used to establish and compare 
level of contamination among clusters.

2.7 � Prediction of carry‑over of Aflatoxin B1 into Aflatoxin M1 in milk

Carry-over was was determined by the method of Guo, et al. [43] as shown in equation (1).

Where: M milk = quantity of daily milk yield (kg); Mfeed = Quantity of feed (kg) contaminated with AFB1 per day; 
CAFM1 = Concentrations of AFM1 in milk per day(µg/kg) and CAFB1 = Concentration of AFB1 in feed (µg/kg).

The concentration of aflatoxin M1 was estimated using the method by Van Eijkeren et al. [35] as shown in equation ii, 
because it considers parameters that have been reported to affect carry-over rates including: aflatoxin contamination 
of feed, milk yield, the breed of cow, the source of contamination and the composition of total feed.

Where: Cmilk = is the concentration of aflatoxin M1 in milk; D is the daily intake of AFB1(µg/day); M is daily milk 
production (kg/day) α = 0.032 and β = 17 are constants.

The concentration of AFB1 in concentrate feed was determined using HPLC as previously described and the total 
dietary intake was determined based on the amount of concentrate feed consumed. In Dar es salaam, the common 
breeds of dairy cattle are cross breeds of Friesian, Ayrshire and Jersey. For healthy feeding, a dairy cow is recommended 
supplementary feeding with 1 kg of concentrates for every 2 L above 5 L obtained (https://​isham​ba.​com/​docum​ents/2/​
DAIRY​COWPR​ODUCT​ION.​pdf ). Therefore, the concentrate feed taken to be to be 2.3 kg for low milkers (up10 kg of milk/
cow/day) 5 kg for medium milkers (up to15 kg of milk/cow/day) and 7 kg for high milkers (up to 20 kg of milk/cow/day).

3 � Results and discussion

3.1 � HPLC‑ FLD method validation

Aflatoxins G1, G2, and B2 standards in the concentration range 0.25–15 µg/kg were used for calibration and to determine 
linearity. The coefficients of correlations (r2) were all greater than 0.999. The percentage recovery for individual stand-
ards concentration in the concentration range of 0.25 to 15 µg/kg ranged from 70 to 100%; when a certified reference 
material (CRM) of concentration = 100 µg/kg was used, the recovery ranged from 80 to 110%. Limit of quantification 
and limit of detection evaluated and the results indicated in Table 2. This complies with the requirements of methods 
of analysis of aflatoxin contamination in animal feeds as recommended in CXS 193–1995. Selectivity was demonstrated 
by absence of peaks in the chromatographic windows of the results for in a blank and the four peaks for aflatoxin G1, 
aflatoxin G2, aflatoxin B1 and aflatoxin B2, were well isolated with good resolution and narrow symmetric peak within 
20 min as shown in Fig. 2.

(1)Carry − over% =
mmilk × CAFM1

mfeed × CAFB1
× 100

(2)Cmilk =
� × D

� +M

Table 2   HPLC-FLD method 
validation

AFB1 Aflatoxin B1, AFB2 Aflatoxin B2, AFG1 Aflatoxin G1, AFG2 Aflatoxin G2

No. Linearity results LOD
(µg/kg)

LOQ
(µg/kg)

% Recovery

standards Range (µg/kg) (R2)

1 AFB1 0.25–15 0.99938 0.01 0.02 70–100
2 AFB2 0.25–15 0.99997 0.02 0.05 70–100
3 AFG1 0.25–15 0.99983 0.01 0.04 70–100
4 AFG2 0.25–15 0.99994 0.02 0.05 70–100
5 CRM 100 – – – 80–110

https://ishamba.com/documents/2/DAIRYCOWPRODUCTION.pdf
https://ishamba.com/documents/2/DAIRYCOWPRODUCTION.pdf


Vol:.(1234567890)

Research	 Discover Agriculture            (2024) 2:15  | https://doi.org/10.1007/s44279-024-00018-1

3.2 � Determination of aflatoxins in cattle concentrate feeds

Based on the ELISA kit, sixty-three 63/81 (78%) samples were found to be contaminated by aflatoxins. In Temeke cluster 18/20 
(90%) samples tested positive for aflatoxin while 11/14 (79%) from Kinondoni; 21/27 (78%) from Ilala and 13/20 (65%) from 
Ubungo were contaminated with aflatoxins. ELISA method for detection of aflatoxin has been used by different researchers 
[44, 45] because it is fast, cheap and can analyse 96 sample simultaneously without a need extensive clean up [46] and good 
data was obtained in our study.

3.3 � Quantification of aflatoxins in cattle concentrate feed using HPLC‑FLD

The aflatoxin concentration in concentrate feed samples are shown in Table 3. The total aflatoxins (TAFs) observed from this 
study was LOD to 161.32 ppb, (mean 25.89 ± 3.3 ppb), and 37 (46%) of the samples were contaminated above the WHO/TBS 
recommended standard for total aflatoxin in feed (15 ppb). The mean TAFs contamination was significantly higher than the 
WHO/TBS recommendation (p = 0.002). Samples contaminated below the recommended standards were 26 (32%) and those 
found with aflatoxins below detection limit (LOD) were 18 (22%). Occurrence of aflatoxin above TBS/EAC limit indicated that 
the concentrate feed was not suitable for animal consumption in Tanzania.

The animal feed value chain is susceptible to aflatoxin contamination; limited surveys of aflatoxin contamination have also 
reported aflatoxin contamination in chicken commercial feed samples in Morogoro [47], in sunflower cake feed in Singida 
[44], in United Kingdom [48], in Nigeria [49], and in Kenya [50]. Our findings agree with other authors on the urgent need for 
control of aflatoxin contamination in animal feed to avoid negative consequences of the livestock value chain.

This study also revealed the predominance of AFB1 contamination (range LOD to 133.17 ppb, mean 18.79 ± 2.45 ppb) with 
36 (44%)) of the samples contaminated above the recommended limit, while, 28 (35%) samples were AFB1 contaminated 
below the recommended WHO/TBS standards; only 19 samples (23%) were contaminated below LOD. The level of AFB1 
contamination was significantly higher than recommended WHO/TBS recommended limit of 10 ppb (p = 0.001). AFB1, is 
regarded as a hepatocellular cancer-causing agent, [51] hence its presence in cattle feed concentrate is of animal and human 
health concern. Due to the potential for aflatoxin carry-over, human health may also be at risk.

Other major types of aflatoxin determined were AFB2 (range LOD to 8.21 ppb, mean 1.82 ± 0.27 ppb), AFG1 (range LOD 
to 75.06 ppb, mean 7.75 ± 2.32 ppb) and AFG2 (range LOD to 7.87 ppb, mean 1.30 ± 0.350 ppb). Among these aflatoxins the 
level of contamination was AFB1 > AFG1 > AFB2 > AFG2 but the level of contamination among these types of aflatoxin was 
different (p = 1 × 10–13) indicating high variations. Comparison of contamination among the different types of aflatoxins 
indicated that contamination from AFB2 and AFG2 were not significant different (p = 0.83), but all others were significantly 
different (p < 0.05) as indicated in Table 4.

Aflatoxin can reach to human being through consumption of aflatoxin contaminated cattle’s product such as milk or milk 
product and meat resulting into undesirable short- and long-term health effects [5, 16]. Aflatoxin contamination of feed also 
has a negative impact on the economy due to increased veterinary care cost and reduced livestock production [52].

3.4 � Estimation of carry‑over of aflatoxin B1 into aflatoxin M1 in milk

The calculated amount of aflatoxin M1 in milk using the method by Van Eijkeren et  al. [35] was in the range 
0.001–0.363 µg/L in low milkers (LM), 0.002–0.666 µg/L in medium milkers (MM) and 0.002–0.806 µg/L in high milkers 

Fig. 2   HPLC-FLD chroma-
togram of 15 µg/kg each 
aflatoxin G2, aflatoxin G1, 
aflatoxin B2 and aflatoxin B1 
of showing selectivity and 
specificity
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(HM). The calculated concentration of aflatoxin M1 in milk exceeded the acceptable 0.05 µg/kg as set by the EU and TBS 
in 39/81 (~ 47%) of the HM, 37/81 (~ 46%) in MM and in 32/81 (~ 40%) of the LM. These findings are slightly higher than 
that reported by Kitigwa et al. [21] where the prevalence of aflatoxin M1 (AFM1) in raw cow milk was found at 30.7%, 
out of which 27.9% exceeded the 0.05 μg/kg limit for raw cow milk. The high values obtained by calculation could be an 
overestimation due to the assumptions made using the ideal the amounts of concentrate feed supposed to be consumed 
by the dairy cattle i.e. low milkers = 2.3 kg, medium milkers = 5 kg and high milkers = 7 kg ((https://​isham​ba.​com/​docum​
ents/2/​DAIRY​COWPR​ODUCT​ION.​pdf );​howev​er, concentrate feed is usually used to supplement foraging and thus the 
actual amount of concentrate feed and hence the aflatoxin M1 carried over in milk could be less than what was calculated.

In all the cases where the concentration of aflatoxin B1 was higher than 10 µg/kg which is the maximum acceptable 
value according to the Tanzania Bureau of standards (TBS), the calculated concentration of aflatoxin M1in milk was higher 
than the recommended 0.05 μg/kg in milk, this could be explained by bioconcentration [12, 35]). Furthermore, in high 
milkers a concentration of AFB1 was ≥ 8.85 µg/kg, leading to a calculated concentration of AFM1 in milk higher than the 
recommendation. Generally high milkers tend to be fed more concentrate and their dietary intake tends to be higher 
than low and medium milkers. Carry-over from feed to aflatoxin M1 in milk was calculated and found to be at 1.2% in low 
milkers, 1.5% in medium milkers and 1.7% in high milkers as shown in Table 5. This carry-over percentage is comparable 
with other studies of low yielding dairy cattle (< 30 kg milk/day) milked twice a day [36] and lower than 2.5–6.5% reported 
for high yielding (> 30 kg milk/day) holstein dairy cows [34, 36] as expected [12]; carry-over was however higher than the 
0.1% reported for Indonesian crossbred Friesian Holstein (PFH) fed on AFB1-naturally contaminated feed and bentonite 
in the diet [53] demonstrating the contribution of dietary intake of AFB1 to carry over int AFM1 in milk.

4 � Conclusion

This study revealed high level of aflatoxins contamination in concentrate feed collected from Dar es salaam-Tanzania; this 
high prevalence was attributed to low level of awareness and poor post-harvest handling practices related. The calculated 
concentration of AFM1 into milk was estimated to be higher than the acceptable concentration in cases where the cattle 
are fed 40–47% of the concentrate feed implying potential exposure of humans who consume milk and milk products. In 
order to avoid undesirable effects related to exposure, concentrate feed manufacturers, sellers and all other value chain 
actors need to be sensitized on good management practices. Further studies can involve a profile of the actual diet fed 
to dairy cattle in Dar es salaam and experimental determination of the AFM1 in the milk collected.

Table 4   Multiple comparison 
on aflatoxin contamination 
in samples collected from 
four cluster/districts of Dar es 
Salaam

* for samples where P < 0.05

LSD multiple comparisons: dependent variable:-level of contamination

(I) Aflatoxin 
contamination

(J) Aflatoxin
contamination

Mean Difference (I-J) Std. error Sig. 95% Confidence interval

Lower bound Upper bound

AFB1 AFB2 16.96788* 2.40295 0.000 12.2403 21.6955
AFG1 11.03753* 2.40295 0.000 6.3099 15.7651
AFG2 17.48556* 2.40295 0.000 12.7580 22.2131

AFB2 AFB1 − 16.96788* 2.40295 0.000 − 21.6955 − 12.2403
AFG1 − 5.93035* 2.40295 0.014 − 10.6579 − 1.2028
AFG2 0.51768 2.40295 0.830 − 4.2099 5.2453

AFG1 AFB1 − 11.03753* 2.40295 0.000 − 15.7651 − 6.3099
AFB2 5.93035* 2.40295 0.014 1.2028 10.6579
AFG2 6.44802* 2.40295 0.008 1.7204 11.1756

AFG2 AFB1 − 17.48556* 2.40295 0.000 − 22.2131 − 12.7580
AFB2 − 0.51768 2.40295 0.830 − 5.2453 4.2099
AFG1 − 6.44802* 2.40295 0.008 − 11.1756 − 1.7204

https://ishamba.com/documents/2/DAIRYCOWPRODUCTION.pdf);however
https://ishamba.com/documents/2/DAIRYCOWPRODUCTION.pdf);however
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Table 5   Estimation of carry-over of aflatoxin B1 in feed into aflatoxin M1 in milk

Calculation of aflatoxin M1 in milk according to Van Eijkeren et al. [35]
Cmilk =

�×D

�+M

α = 0.032 and β = 17 are constants
Carry-over calculation from Guo, et al. [43],
Carry − over% =

mmilk×CAFM1

mfeed×CAFB1

× 100

Assumptions:
1 kg of concentrates feed for every 2 L above 5 L obtained
Low milker (LM) produces 10L of milk per day, thus is fed 2.3 kg of concentrate for feed supplement
Medium milker (MM) produces 15L of milk per day, thus is fed 5 kg of concentrate for feed supplement
High milker (HM) produces 20L of milk per day, thus is fed 7 kg of concentrate for feed supplement

ID AFB1 (µg/kg) Dietary intake µg/day AFM1 in milk µg/kg %CARRY OVER

LM MM HM LM MM HM LM MM HM

U1 3.94 9.06 19.7 27.58 0.011 0.02 0.024 1.2 1.5 1.7
U3 52.43 120.59 262.15 367.01 0.143 0.262 0.317 1.2 1.5 1.7
U4 1.13 2.6 5.65 7.91 0.003 0.006 0.007 1.2 1.5 1.7
U5 42.07 96.76 210.35 294.49 0.115 0.21 0.255 1.2 1.5 1.7
U6 0.7 1.61 3.5 4.9 0.002 0.004 0.004 1.2 1.5 1.7
U7 0.77 1.77 3.85 5.39 0.002 0.004 0.005 1.2 1.5 1.7
U8 12.08 27.78 60.4 84.56 0.033 0.06* 0.073* 1.2 1.5 1.7
U9 3.94 9.06 19.7 27.58 0.011 0.02 0.024 1.2 1.5 1.7
U10 0.35 0.81 1.75 2.45 0.001 0.002 0.002 1.2 1.5 1.7
U11 8.98 20.65 44.9 62.86 0.024 0.045 0.054* 1.2 1.5 1.7
U12 39.95 91.89 199.75 279.65 0.109 0.2 0.242 1.2 1.5 1.7
U13 39.68 91.26 198.4 277.76 0.108 0.198 0.24 1.2 1.5 1.7
I41 8.85 20.36 44.25 61.95 0.024 0.044 0.054* 1.2 1.5 1.7
I42 32.57 74.91 162.85 227.99 0.089 0.163 0.197 1.2 1.5 1.7
I43 46.99 108.08 234.95 328.93 0.128 0.235 0.284 1.2 1.5 1.7
I44 42.5 97.75 212.5 297.5 0.116 0.213 0.257 1.2 1.5 1.7
I45 1.51 3.47 7.55 10.57 0.004 0.008 0.009 1.2 1.5 1.7
I46 5 11.5 25 35 0.014 0.025 0.03 1.2 1.5 1.7
I47 1.35 3.11 6.75 9.45 0.004 0.007 0.008 1.2 1.5 1.7
I48 133.17 306.29 665.85 932.19 0.363 0.666 0.806 1.2 1.5 1.7
I49 0.77 1.77 3.85 5.39 0.002 0.004 0.005 1.2 1.5 1.7
I50 12.08 27.78 60.4 84.56 0.033 0.06 0.073 1.2 1.5 1.7
I51 3.94 9.06 19.7 27.58 0.011 0.02 0.024 1.2 1.5 1.7
I52 6.35 14.61 31.75 44.45 0.017 0.032 0.038 1.2 1.5 1.7
I53 8.98 20.65 44.9 62.86 0.024 0.045 0.054 1.2 1.5 1.7
I54 39.95 91.89 199.75 279.65 0.109 0.2 0.242 1.2 1.5 1.7
I55 39.68 91.26 198.4 277.76 0.108 0.198 0.24 1.2 1.5 1.7
I56 40.12 92.28 200.6 280.84 0.109 0.201 0.243 1.2 1.5 1.7
I57 36.91 84.89 184.55 258.37 0.101 0.185 0.223 1.2 1.5 1.7
I58 44.78 102.99 223.9 313.46 0.122 0.224 0.271 1.2 1.5 1.7
I59 23.13 53.2 115.65 161.91 0.063 0.116 0.14 1.2 1.5 1.7
I60 17.27 39.72 86.35 120.89 0.047 0.086 0.105 1.2 1.5 1.7
I61 39.13 90 195.65 273.91 0.107 0.196 0.237 1.2 1.5 1.7
T21 40.12 92.28 200.6 280.84 0.109 0.201 0.243 1.2 1.5 1.7
T22 36.91 84.89 184.55 258.37 0.101 0.185 0.223 1.2 1.5 1.7
T23 38.36 88.23 191.8 268.52 0.105 0.192 0.232 1.2 1.5 1.7
T24 38.21 87.88 191.05 267.47 0.104 0.191 0.231 1.2 1.5 1.7
T25 4.34 9.98 21.7 30.38 0.012 0.022 0.026 1.2 1.5 1.7
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Bold: Samples with concentrations higher than EU and TBS recommendations *Samples where feed concentration was less than 10 µg/kg, 
but calculated AFM1 in milk exceeded the recommended 0.05 µg/kg

Table 5   (continued)

ID AFB1 (µg/kg) Dietary intake µg/day AFM1 in milk µg/kg %CARRY OVER

LM MM HM LM MM HM LM MM HM

T26 38.91 89.49 194.55 272.37 0.106 0.195 0.236 1.2 1.5 1.7
T27 38.31 88.11 191.55 268.17 0.104 0.192 0.232 1.2 1.5 1.7
T28 3.99 9.18 19.95 27.93 0.011 0.02 0.024 1.2 1.5 1.7
T29 39.21 90.18 196.05 274.47 0.107 0.196 0.237 1.2 1.5 1.7
T30 39.94 91.86 199.7 279.58 0.109 0.2 0.242 1.2 1.5 1.7
T31 36.91 84.89 184.55 258.37 0.101 0.185 0.223 1.2 1.5 1.7
T32 4.08 9.38 20.4 28.56 0.011 0.02 0.025 1.2 1.5 1.7
T33 37.52 86.3 187.6 262.64 0.102 0.188 0.227 1.2 1.5 1.7
T34 38.9 89.47 194.5 272.3 0.106 0.195 0.236 1.2 1.5 1.7
T35 39.46 90.76 197.3 276.22 0.108 0.197 0.239 1.2 1.5 1.7
T36 39.57 91.01 197.85 276.99 0.108 0.198 0.24 1.2 1.5 1.7
T37 39.67 91.24 198.35 277.69 0.108 0.198 0.24 1.2 1.5 1.7
T38 3.93 9.04 19.65 27.51 0.011 0.02 0.024 1.2 1.5 1.7
K68 4.51 10.37 22.55 31.57 0.012 0.023 0.027 1.2 1.5 1.7
K69 38.25 87.98 191.25 267.75 0.104 0.191 0.232 1.2 1.5 1.7
K70 4.34 9.98 21.7 30.38 0.012 0.022 0.026 1.2 1.5 1.7
K71 4.09 9.41 20.45 28.63 0.011 0.02 0.025 1.2 1.5 1.7
K72 31.61 72.7 158.05 221.27 0.086 0.158 0.191 1.2 1.5 1.7
K73 4.71 10.83 23.55 32.97 0.013 0.024 0.029 1.2 1.5 1.7
K74 1.56 3.59 7.8 10.92 0.004 0.008 0.009 1.2 1.5 1.7
K75 1.64 3.77 8.2 11.48 0.004 0.008 0.01 1.2 1.5 1.7
K76 5.36 12.33 26.8 37.52 0.015 0.027 0.032 1.2 1.5 1.7
K77 46.4 106.72 232 324.8 0.126 0.232 0.281 1.2 1.5 1.7
K78 8.85 20.36 44.25 61.95 0.024 0.044 0.054 1.2 1.5 1.7

LIMIT = 10 µg/kg LIMIT IN RAW MILK = 0.05 µg/kg
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