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Abstract

:

Aflatoxins, which commonly contaminate animal feeds and human food, present a major public health challenge in sub-Saharan Africa. After ingestion by cows, aflatoxin B1 is metabolized to aflatoxin M1 (AFM1), some of which is excreted in milk. This study involved smallholder dairy farms in urban and periurban areas of Nairobi and Kisumu, Kenya. The objective was to determine the effectiveness of training and providing farmers with aflatoxin binder (NovaSil®) on AFM1 contamination in raw milk. A baseline survey was undertaken and 30 farmers whose milk had AFM1 levels above 20 ppt were randomly selected for inclusion in the study. Of these, 20 farmers were part of the intervention, and were given training on the usage of the NovaSil® binder, while 10 served as a control group. All farmers were visited biweekly for three months for interviews and milk samples were collected to measure the AFM1 levels. The AFM1 levels were quantified by enzyme linked immunosorbent assay. The NovaSil® binder significantly reduced AFM1 concentrations in the raw milk produced by the farmers in the intervention group over the duration of the study (p < 0.01). The control farms were more likely to have milk with AFM1 levels exceeding the regulatory limit of 50 ppt compared to the intervention farms (p < 0.001) (odds ratio = 6.5). The farmers in the intervention group perceived that there was an improvement in milk yield, and in cow health and appetite. These farmers also felt that the milk they sold, as well as the one they used at home, was safer. In conclusion, the use of binders by dairy farmers can be effective in reducing AFM1 in milk. Further research is needed to understand their effectiveness, especially when used in smallholder settings.
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Key Contribution: This manuscript describes a first trial using NovaSil® aflatoxin binder in smallholder dairy farms in Kenya. A difference from previous trials was that this trial was conducted in farms feeding unknown levels of aflatoxins, and intervention farmers were only provided with the binders and training on how to produce safer milk: this could be considered a more “real life” experiment. We still found the intervention farmers during the trials had lower aflatoxin levels and they were also reporting better cattle health and milk production levels.










1. Introduction


The dairy subsector contributes significantly to health and economic wellbeing of communities in Kenya. Milk and milk products are important sources of nutrients, especially those often lacked by children and expectant mothers. Cow milk is the main type of milk used for human consumption and represents about 83% of the world milk production [1]. Milk in Kenya is mainly produced by smallholder dairy farmers [2].



Milk safety and quality are important in the realization of both health and economic outcomes. Milk contaminated above certain levels is not safe for human consumption and should be removed from the food chain. Contamination can be due to microbiological or chemical contaminants, such as mycotoxins. Mycotoxins are metabolites of fungi which cause negative health effects in exposed humans. These include aflatoxins, ochratoxins, citrinin, fumonisins, ergot, and patulin [3]. Aflatoxins, produced by fungi occurring naturally in the soil, are the most toxic mycotoxins, and are frequently found in cereals commonly consumed as human foods and used as animal feed, causing negative health effects and reduced productivity in livestock [4,5,6]. All aflatoxins have been classified as group 1 carcinogens [7]. Aflatoxin B1 (AFB1) is the most carcinogenic and after consumption by ruminants some is metabolized and excreted in the milk as aflatoxin M1 (AFM1). In addition to the huge economic losses from reduced livestock productivity [6] and discarded milk, AFM1 exposure from milk also contributes to increasing the incidence of liver cancer in Kenya and potentially also of stunting in children [6]; hence, actions to reduce its exposure are recommended. The high aflatoxin contamination of animal feed has also been reported in Kenya. In an earlier study that analyzed 412 samples, it was found that 86% of the samples were contaminated with aflatoxins (67% of which exceeded the FAO/ WHO limit) [8]. Another study reported high aflatoxin B1 (above 5 ppb) levels in 41 of the 74 feed samples analyzed [9]. Similarly, several recent studies reported AFM1 contamination in Kenyan milk [10,11,12]. Kang’ethe and Lang’a [8] detected AFM1 in 72% of milk samples analyzed; a contamination rate that translates to 3.7 billion liters of contaminated milk out of 5.2 billion produced. Samples collected from low-income areas of Nairobi were found to have detectable aflatoxin levels [12]. Previous studies reported that most of the milk sold in informal settlements in Nairobi was contaminated with AFM1, with levels above the recommended upper limits indicating an increased risk of exposure to consumers relying on this milk [11,13,14]. The survey in Kisumu County found 26.4% AFM1 prevalence in milk produced by smallholder dairy farmers [15] which was attributed to the poor feeding practices used by the farmers, such as the feeding of moldy feeds to cows. In the same county, processed milk and raw milk imported from neighboring counties, as well as the milk produced by the urban and periurban smallholder dairy farmers, were found to contain detectable levels of AFM1 [16].



Several mycotoxin-mitigation strategies in the milk value chain exist. Trials involving good agricultural practices, the proper storage of cereals, the decontamination of feed through dilution, and chemical treatment have been conducted, but with limited success [14,17]. No single approach on its own can address the problem of aflatoxins in the milk value chain, so there is a need for multiple measures at both pre- and postharvest levels.



One strategy that can be used to control aflatoxins in milk is using mycotoxin binders. They are natural adsorbents with the ability to decrease bioavailability and reduce exposure to aflatoxins [18]. When used, and upon ingestion by an animal, the binders decontaminate mycotoxins in the feed by binding to them, thereby preventing their absorption from the digestive tract of the animal [19]. They are particularly recommended where feed is suspected to be contaminated with the aflatoxins and the likelihood of destroying it is very low, as is the case in many low- and middle-income countries. Several mycotoxin binders are sold on the market in Kenya. However, their effectiveness in preventing aflatoxin uptake varies with the type and amount added [20].



A good toxin binder may restore the nutritional values of aflatoxin-contaminated feed. Bentonite clays, which are rich in montmorillonite, have been effectively used in dairy cows to diminish the negative effects of aflatoxin exposure [18,21]. Montmorillonite rich calcium-bentonite has been shown to be effective in reducing aflatoxin biomarkers in serum and urine with negligible nutrient interactions in humans naturally exposed to aflatoxins via contaminated foods [22,23]. NovaSil®, a phyllosilicate clay rich in calcium montmorillonite, is considered a very effective mycotoxin binder due to its high binding capacity, high absorption efficacy, short activation time and ability to be used at a higher inclusion rate [24]. Apart from clays, other anti-mycotoxin additives have been tested, including buckthorn [25], and yeasts [18,26], with promising results in trials. Evidence is required to support the scaling up of mycotoxin binder usage by smallholder farmers in Kenya, and in similar settings in East Africa. The objective of our study was to determine the effectiveness of training smallholder dairy farmers on safe milk production and NovaSil® binder use, with a focus on periurban farmers who are more likely to practice intensive farming given the limited land capacity and closeness to remunerative markets, providing motivation for the increased likelihood of feeding concentrate feeds and willingness to invest in inputs.




2. Results


2.1. Characteristics of Study Farms


The trial enrolled a total of 60 smallholder dairy farmers. Participant retention was 98%, with only one farmer leaving. Response rate was 96% and 99% in Kasarani and Kisumu counties, respectively, over all the six visits. The number of milking cows per household ranged from 1 to 18 cows. More male (60%) than female (40%) farmers participated in the study. Most farmers (63.4%) had attained secondary education, but no training on dairy production was reported (Table 1).




2.2. Milk Production


Cows were milked twice a day. The farmers were smallholders, with an average baseline production of 24 (SD 26.6) L per farm, and a daily production of 34 (SD 32.2) and 14 (SD 13.9) L, for Kasarani and Kisumu counties, respectively. Milk production per farm ranged from 2 to 150 L per day. The overall mean milk production per cow was 7.1 (SD 3.9) L. The average milk production per cow for control and intervention groups, per study site, is summarized in Table 2. There were no significant differences (p > 0.05) between control and intervention farms within visit and site. An average of 21 L were sold per day at a mean of 67 Kenyan shillings per liter.




2.3. Farmers’ Perception on Use of Binder


All the intervention farmers reported using binders two times a day and this corresponded to the number of times they fed the cows with concentrate feeds each day. On each visit, all intervention farmers (100%) reported that it was easy to use the binder, that they knew how much binder to mix with feeds using the spoon provided by the project, and that the cows did not resist the binder-mixed feeds. Most farmers (99%) did not share their portions of binder with others (following the instruction they received during training). Compared to those in the control group, cows in intervention farms were reported to eat better (81% versus 37%), were perceived to be healthier (81% versus 40%) and had a better rating with regard to milk production (63% versus 33%) (Table 3).




2.4. Aflatoxin M1 Levels in Milk from the Study Farms


During the baseline there was no statistically significant difference in the milk production as well as AFM1 levels between the control and intervention farmers (p > 0.05). Overall, during the duration of the trial, mean levels of AFM1 in the control group increased compared to the means at baseline. The mean AFM1 levels in milk from farmers in the intervention group decreased compared to the baseline AFM1 levels. Farmers in the intervention group produced milk with lower levels of AFM1 compared to those in the control group p < 0.01 (Table 4). While the milk production decreased overall during the trial, there was no difference between intervention and control farms (p > 0.05) (Table 4 and Table 5).



Over the duration of the trial, the mean AFM1 level was 78.9 ppt (SD 92.4, median 37.5 ppt) with a range from 1 to 538.9 ppt. With a mean of 73.2 ppt (SD 110.3, median 22.3 ppt) and a range from 1 to 538.9 ppt, AFM1 levels in more rural Kisumu were significantly lower than in more urban Kasarani (p < 0.05), which had a mean of 84.5 ppt (SD 69.9, median 68.6 ppt) and a range from 1 to 292.9 ppt. In Kisumu, AFM1 levels were significantly lower in the intervention (15.3 ppt) than in the control group (159.3 ppt) (p < 0.01). No significant difference in AFM1 levels between controls and intervention was observed in Kasarani (p = 0.86) (Table 5).



The multivariable models showed a significant difference between intervention and control farms, with control farms having higher aflatoxin levels, and being significantly more likely to produce milk with AFM1 levels exceeding the regulatory limit of 50 ppt compared to intervention farms (p < 0.001) (OR = 6.5). Farms in Kasarani were also more likely to exceed the 50 ppt limit (OR 3.3, p = 0.007) (Table 6). The logistic regression model did not find any influence of average milk yield on aflatoxin levels, but this was found in the linear model; the log of aflatoxin levels increased by 0.08 for each liter of milk that was additionally produced by the cows. Regression models for price and milk production per cow revealed no impact of being part of the intervention or not.





3. Discussion


This study reports on the effects of an intervention which included training providing a commercial aflatoxin binder to smallholder farmers in Kenya to evaluate impact on the occurrence of AFM1 in milk from urban and periurban smallholder dairy farms, as well as the perceptions of farmers on the use and effects of the binder. Mean milk production in these smallholder farms was 24 L per farm and day. There was no significant better milk yield in the intervention group compared to that in the control group, even though most farmers perceived this. One of the effects of aflatoxin is reduced milk production in dairy animals [27], and these negative effects could have been mitigated in the intervention group by feeding the NovaSil® binder, but the study was unable to show this. Feeding the cows binder was, however, shown to reduce the level of aflatoxin exposure, with no deleterious effect on milk production [28]. A decrease in milk yield was observed over time on both sites; however, this was not statistically significant. It is also likely that there were seasonal effects that affected the milk production in both sites, and both among control and intervention farms.



This was a field trial where there was no control on the level of aflatoxins in the feed, and even though the farmers were instructed to feed first 1 teaspoon per 2 kg feed, and then 2 teaspoons, the researchers had no control of how much the cows were actually fed. This was by design, since the aim was to see the effects under normal farming conditions. It can be seen that the mean AFM1 levels in milk produced by the farmers in the intervention group in Kasarani reduced over time, with farmers having an average of 59.9 ppt during the final visit compared to 101.5 ppt at the third visit. AFM1 levels at visits 1, 2 and 3 seemingly increased under the low dose regime (1 teaspoon for 2 kg of feeds) of binder given to the cows. When increasing the dosage to 2 teaspoon per 2 kg tin of feeds, a decrease in AFM1 was observed in Kasarani, too. This was done because the AFB1 concentration in the feeds were likely higher than expected. AFM1 levels in milk in Kisumu reduced significantly during the four months of the trial. The AFM1 levels in intervention farms in Kisumu were consistently below the EU recommended limit of 50 ppt. This may be attributed to the farmers in Kisumu being more observant and treating the animals as advised, but it could also be due to real differences in contamination levels of the feed.



The overall average AFMI contamination levels was 78.9 ppt which was comparable to earlier results, with contamination levels of 84 ppt [29]. This study showed significant reduction of AFM1 levels in milk in the intervention farms, with the strongest effects found in Kisumu County. Similar results were observed in the United States, where dairy cows fed on AF-contaminated diet and NovaSil® binder had significantly decreased AFM1 concentrations in their milk without affecting milk quality and composition [30]. In this study, the farmers did not report any abnormal signs upon feeding NovaSil®) binder to the cows. This was comparable with the findings of Maki et al. [30], where cows exhibited no abnormal behavior or clinical signs associated with aflatoxicosis. However, other studies have been conducted under controlled conditions, while this is the first study on the use of NovaSil® binder by smallholder dairy farms in East Africa. This study has shown the potential of training and use of NovaSil® binder in managing aflatoxin contamination problems along the dairy value chain.




4. Conclusions


The intervention effectively reduced AFM1 levels in milk and farmers were enabled to produce and sell milk with AFM1 levels below the EU recommended limit of 50ppt. There is a necessity for continued research on NovaSil® effectiveness and cost-effectiveness in the smallholder dairy context, which predominates in Africa, in order to promote their appropriate use and understand their effect on the nutritional composition of milk, and their possible excretion in dung which many farmers use as manure. It is noted that the use of mycotoxin binders alone cannot solve the problem of aflatoxin contamination, and cannot replace good feed production, handling, and manufacturing practices, which are the primary control strategies.




5. Materials and Methods


Ethical review permit was obtained from the Institutional Research Ethics Committee of the International Livestock Research Institute, approval number ILRI-IREC 2017-10, approved on 31 March 2017.



5.1. Study Areas


The setting for the project is as described by Anyango et al. [15] and Kagera et al. [13]. Briefly, the study involved purposively selected urban and periurban areas of Nairobi and Kisumu counties (Figure 1). Both areas practice intensive smallholder dairy farming. In Nairobi, Kasarani subcounty was included. In Kisumu, which has a lower population, study farms were selected from five subcounties, namely: Nyando, Muhoroni, Kisumu Central, Kisumu West and Kisumu East.




5.2. Trial Design


An initial baseline survey involving 200 farmers preceded the trial [13,15]. The trial phase was carried out from July to October 2017. Farms whose milk had baseline AFM1 levels above 20 parts per trillion were considered in the NovaSil® binder trial. Sample size was determined using the formula proposed by Metcalfe (2001); STATA sampsi 0.7 0.2, p(0.5) r(2) (assuming a reduction of positive farmers from 70 to 20%, using a power of 50% and a ratio of 2). This resulted in n = 60 farms (including 20 intervention and 10 control farmers in each site). At the start, the intervention group was given one day of training on improved dairy and food safety practices such as discarding of moldy feeds, proper ventilation of feeds while in storage, routine check up on feeds for dryness, mold growth, warmth, moisture, pests and animals, health risks of aflatoxin consumption, as well as mycotoxin binder usage, and each farmer was also provided with a package containing the NovaSil® binder. A plastic tablespoon to aid measuring was also given. The recommended dosage rate was 1 teaspoon per 2 kg of feeds (estimated to equal 0.6% (6 g/kg) based on instructions given by the manufacturer). This dose was applied during the first half of the trial but was increased to 2 teaspoons per 2 kg (estimated to equal 1.2% (12 g/kg)). The change of protocol was because of suspected higher levels of aflatoxin contamination in the feed. Control farms were carefully selected to minimize the risk of spill-over of technology or information from farms receiving the intervention. Milk sampling and questionnaire administration was done every two weeks for three consecutive months (in total, six visits were conducted for each farmer); a longer gap was allowed during the 2017 election period for safety reasons. The questionnaire sought to understand: (i) how much binder farmers were adding to feeds; (ii) how much feed was mixed with the binder; (iii) whether the cows were eating: (iv) the challenges encountered while using the binder; (v) the farmers’ perception of drinking and selling milk from cows fed the binder-added feed; and (vi) how much farmers are willing to pay for the binders. A summary of the results was prepared and discussed within the project team before the next visit. Feedback was provided to the farmers in the subsequent visits, which also provided an opportunity to emphasize topics covered during the training and communicate the new advice on binder dosage. After the study, farmers in the control group received training on milk safety and binder use and were subsequently provided with NovaSil® binder for three months.




5.3. Collection of Milk Samples and Laboratory Analysis for Aflatoxin M1 (AFM1) in Milk


Farmers were alerted in advance about the next visit and asked to make sure they kept some of their milk for household consumption. Fresh raw bulk milk samples were then collected in sterile 50 mL flacon tubes and stored in cooler boxes then transported to ILRI laboratories where they were stored in a freezer at −3°C to −6°C awaiting AFM1 analysis. Milk samples were analyzed using commercial enzyme-linked immunoassay (ELISA) kit for AFM1 (Helica Biosystems, Inc., Santa Ana, CA 92704, USA, Catalog No. 961AFLM01M-96) according to the manufacturer’s instructions. The same approach had been used to determine AFM1 contamination levels at baseline [13,15]. The limit of quantification (LOQ) according to the manufacturer is 2 ng/kg. The ELISA has been evaluated previously and found to have good recovery and performance [31].




5.4. Data Analysis


Data were entered and cleaned in Microsoft excel 2013 (MS Excel®) and analyzed using SPSS (version 22) statistical package and STATA version 14.0. Results below the LOQ were substituted with half of the LOQ. Log transformation of AFM1 levels was done to attain a more normal distribution. Descriptive analyses for quantitative data included determination of measures of central tendency, including the mean (± standard deviation (SD)) and median. Categorical data were summarized using frequency tables, graphs, and trends. Inferential analyses included the use of Chi square statistics (to assess statistical associations) and Student’s t-test and ANOVA (to assess significance of differences in group means). All factors that could potentially affect AFM1 concentration in milk were included in the full model. Both multivariable linear and logistic regression were used to model the relationship between these factors and detection of AFM1 levels either as the log of the measured values, or as a binary variable with a cutoff of exceeding 50 ppt. A backward (manual) approach was used with Mixed and Melogit commands in STATA 14.2 (STATACorp, College Station, TX, USA), with repeated sampling accounted for by using clustering on farm level. Elimination of variables was done until only suspected confounders and those with significant (p < 0.05) associations remained in the model. Similar linear regression models were made using price and milk production per cow as outcomes. A statistical p-value of ≤ 0.05 was considered significant.
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Figure 1. A map showing Kisumu and Nairobi counties. 
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Table 1. Household characteristics of study smallholder dairy farmers.
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Characteristics

	
Kisumu

	
Kasarani

	
Total




	
n (%)

	
n (%)

	
n (%)




	
n = 30

	
n = 30

	
n = 60






	
Female

	
8 (26.7%) *

	
16 (53.3%)

	
24 (40%)




	
Male

	
22 (73.3%)

	
14 (46.7%)

	
36 (60%)




	
Mean age (years)

	
47.7

	
46.0

	
46.9




	
Education level

	

	

	




	
Primary

	
8 (26.7%)

	
6 (20%)

	
14 (23.3%)




	
Secondary

	
13 (43.3%)

	
12 (40%)

	
25 (41.7%)




	
College/University

	
9 (30%)

	
12 (40%)

	
21 (35%)




	
Training on dairy feeding

	
11 (18.3%)

	
11 (18.3%)

	
22 (36.7%)








* Significant difference at p < 0.05.
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Table 2. Average milk production (L ± standard deviation) per cow/day in the control and intervention groups, July–October 2017. Within the sites, there were no significant (p > 0.05) differences between control and intervention.
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Kasarani

	
Kisumu




	
Time Point

	
Control

	
Intervention

	
Control

	
Intervention






	
Baseline

	
12.6 ± 6.4

	

	
7.0 ± 3.4

	




	
1

	
9.5 ± 2.5

	
8.0 ± 4.9

	
5.5 ± 2.7

	
4.4 ± 1.9




	
2

	
8.5 ± 3.1

	
9.0 ± 4.5

	
4.9 ± 2.4

	
5.1 ± 2.6




	
3

	
8.1 ± 3.4

	
8.4 ± 4.8

	
5.1 ± 3.5

	
5.9 ± 2.6




	
4

	
9.0 ± 4.9

	
9.2 ± 5.6

	
5.7 ± 2.6

	
5.5 ± 2.8




	
5

	
8.6 ± 4.6

	
8.4 ± 4.1

	
5.7 ± 2.6

	
5.5 ± 2.8




	
6

	
8.7 ± 4.5

	
9.1 ± 4.1

	
5.7 ± 2.6

	
5.5 ± 2.8
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Table 3. Perceptions of farmers on their cows during the trial period. Data are presented as absolute numbers and percentages of total respondents to the questions. Each farmer was visited six times.
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Intervention n (%)

	
Control n (%)






	
Feeding of cows ***

	
Better

	
185 (81.5%)

	
43 (37.0%)




	
Same

	
36 (15.8%)

	
63 (54.7%)




	
Worse

	
6 (2.6%)

	
9 (7.8%)




	
Health of the cows ***

	
Better

	
186 (81.5%)

	
47 (40.8%)




	
Same

	
37 (16.2%)

	
62 (53.9%)




	
Worse

	
5 (2.1%)

	
6 (5.2%)




	
Milk yield ***

	
Better

	
143 (63.5%)

	
37 (32.1%)




	
Same

	
27 (12.0%)

	
43 (37.3%)




	
Worse

	
55 (24.4%)

	
35 (30.4%)








*** p-value < 0.001 in Chi test.
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Table 4. Average milk produced (L± standard deviation) and aflatoxin M1 (AFM1, ppt± standard deviation) levels in milk from by farmers in both study sites.
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	Control Farms
	Intervention Farms
	p-Value





	Mean AFM1 levels at baseline
	79.8 ± 50.2
	93.2 ± 63.0
	0.51



	Mean AFM1 over the duration of the trial
	127.1 ± 119.0
	54.4 ± 64.4
	<0.001



	Mean milk production at baseline
	28.0 ± 22.9
	39.1 ± 45.4
	0.33



	Mean milk production over the duration of the trial
	20.8 ± 19.2
	25.2 ± 29.4
	0.15
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Table 5. Mean milk production (L ± standard deviation) / farm and aflatoxin levels (ppt ± standard deviation) in milk.
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Kasarani

	
Kisumu




	

	
Control

	
Intervention

	
Control

	
Intervention




	
Visit Number

	
N

	
Average Milk Yield (L)

	
AFM1

(ppt)

	
N

	
Average Milk Yield (L)

	
AFM1

(ppt)

	
N

	
Average Milk Yield (L)

	
AFM1 (ppt)

	
N

	
Average Milk Yield (L)

	
AFM1 (ppt)






	
Baseline

	
10

	
35.5 ± 30.8

	
0.87 ± 39.3

	
20

	
60.6 ± 55.6

	
132.2 ± 59.3

	
10

	
21.9 ± 12.6

	
68.6 ± 59.1

	
20

	
19.8 ± 20.4

	
54.1 ± 37.7




	
1

	
8

	
32.6 ± 26.5

	
98.3 ± 52.1

	
20

	
38.4 ± 42.2

	
82.1 ± 54.7

	
18

	
16.9 ± 16.2

	
164.2 ± 165.1

	
11

	
10.5 ± 4.9

	
37.7 ± 44.8 *




	
2

	
10

	
26.3 ± 25.7

	
75.1 ± 46.7

	
20

	
39.4 ± 36.4

	
98 ± 73.1

	
11

	
13.1 ± 8.3

	
156.3 ± 141.4

	
19

	
12.8 ± 13.7

	
31.5 ± 48.4 **




	
3

	
10

	
24.6 ± 26.2

	
81.9 ± 51.9

	
20

	
38.5 ± 38.2

	
81.5 ± 66.7

	
10

	
12.5 ± 8.2

	
136.1 ± 78.5

	
20

	
13.2 ± 16.4

	
22.2 ± 22.6 ***




	
4

	
9

	
26.6 ± 24.7

	
68.2 ± 81.2

	
20

	
39.4 ± 37.8

	
101.5 ± 83

	
10

	
15.7 ± 10.7

	
117.6 ± 89.7

	
20

	
13.9 ± 16.9

	
18.3 ± 21.0 ***




	
5

	
8

	
27.6 ± 25.8

	
97.5 ± 94.7

	
20

	
32.5 ± 30

	
88.1 ± 92.6

	
10

	
15.7 ± 10.7

	
180.1 ± 192.6

	
20

	
13.9 ± 16.9

	
16.3 ± 18.9 **




	
6

	
8

	
28.4 ± 26.2

	
81.7 ± 70.1

	
20

	
32.1 ± 25

	
59.9 ± 56.8

	
10

	
15.7 ± 10.7

	
201.4 ± 115.7

	
20

	
13.9 ± 16.9

	
10.1 ± 12 ***








*, **, ***: Significant difference within the site between control and intervention farms at p < 0.05, p < 0.01, and p < 0.001, respectively, using test on log (AFM1).
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Table 6. Linear and logistic regression models for AFM1 levels in milk produced by farmers in the control and intervention group.
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Predictor

	
Linear Model

	
Logistic Model




	

	

	
Increase in log (AFM1)

	
p-Value

	
Odds Ratio

	
p-Value






	
Control farm compared to intervention

	

	
1.09

	
< 0.001

	
6.52

	
< 0.001




	
Average yield L/cow

	

	
0.08

	
0.002

	
1.05

	
0.3




	
Kasarani compared to Kisumu

	

	
0.59

	
0.02

	
3.29

	
0.007




	
Visit compared to first visit

	
2

	
−0.21

	
0.3

	
0.6

	
0.3




	

	
3

	
−0.19

	
0.4

	
0.78

	
0.6




	

	
4

	
−0.36

	
0.1

	
0.52

	
0.2




	

	
5

	
−57

	
0.01

	
0.47

	
0.1




	

	
6

	
−0.67

	
0.002

	
0.34

	
0.02




	

	

	
Estimate

	
Standard deviation

	
Estimate

	
Standard deviation




	
Random effect of farm

	

	
0.66

	
0.17

	
1.32

	
0.55




	
Residual AR (1)

	
Rho

	
0.038

	
0.072

	

	




	

	
variance

	
1.29

	
0.11
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