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Abstract

:

The occurrence of aflatoxin M1 (AFM1) in milk has been widely reported in Kenya, with levels freqently exceeding national and international thresholds. Exposure to aflatoxin increases the risk of hepatic cancers and can also have other negative health impacts in children such as growth impairment and immunosuppression. Anti-mycotoxin agents (AMAs) included in contaminated feeds can greatly reduce the amount of AFM1 released in milk. A 45-day trial was designed to assess secretion of AFM1 in milk from individual cows fed commercial Kenyan dairy feed, as well as the efficacy of Novasil™ Plus in reducing the levels. A four-by-four Latin square cross-over design was used for the experiment. Four cows were fed on naturally contaminated with AFB1 feed, with levels ranging from 19 to 47 µg/kg, and either no binder or inclusion of binder at the rate of 0.6 or 1.2%. Milk samples were collected each day and analyzed for AFM1. The results showed that AFM1 levels in the milk varied between the cows, even when fed similar levels of contaminated feed. On average, inclusion of 0.6% binder into the diet resulted in 34% decline in milk AFM1 levels, while 1.2% binder dose resulted in a decline of 45%. Significant reduction in AFM1 secretion was observed in all experimental units (p < 0.005), though only minimal reduction was recorded in one of the units (Cow 4) compared to the other three. This trial shows novel data on aflatoxin exposure and excretion in Kenyan dairy cows in a field setting where AFB1 level is uncontrolled. We demonstrate significant reduction in AFM1 secretion in milk using AMA, though AFM1 levels were still above the recommended EC standard of 50 ŋg/kg. This study suggests that AMAs alone cannot be relied on to reduce AFM1 in milk to safe levels. Training and good feeding practices are recommended in addition to use of AMAs.
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1. Introduction


Milk is a nutrient-dense food with a notable contribution to the nutritional requirements of household members, specifically children [1]. Per capita milk consumption in most developing countries has increased steadily over the years, owing to population growth and rise in incomes [2], making it possible for more households to afford it. Milk consumption is higher in Kenya than other African countries, with an average annual per capita consumption of 110 kg [3]. Consumption is higher in urban than in rural areas [4,5]. It is important to ensure milk safety given the high levels of milk consumption.



Occurrence of AFM1 in milk has been widely reported in the country [6,7,8,9]. The International Agency for Research on Cancer (IARC) has classified both aflatoxin B1 (AFB1) and aflatoxin M1 (AFM1), the metabolite most commonly found in milk, as group 1 human carcinogens [10], meaning that there is sufficient evidence to link the two agents to cancer in humans. Acute exposure to high levels of aflatoxins clinically manifests as abdominal pain, vomiting, pulmonary edema, and liver damage [11]. In severe cases, acute aflatoxicosis can result in death [12]. Chronic exposure is a risk factor for hepatocellular carcinoma [10,13,14]. Children are more vulnerable to aflatoxin exposure than adults [13,14], given the extensive utilization of milk and its products in weaning and dietary supplementation [6]. Although AFM1 likely contributes very little to the incidence of hepatic cancers [15], other potential effects of aflatoxin exposure in children such as immune suppression, malnutrition, stunting and growth impairment could be significant [16]. There are therefore concerns about the risks with AFM1 in milk, which is often targeted to women and young children [17,18]. Previous research in Kenya has found that AFM1 occurs in many different dairy products at levels ranging between 34 and 370 ŋg/kg [8,9,15], and in low-income areas, 100% of the milk may be contaminated making poor children exceptionally vulnerable [16].



In animals, most of the effects of chronic aflatoxicosis are subtle and may go unnoticed due to lack of observable signs or misdiagnosis. Furthermore, some food animals may not be kept for long enough to manifest these effects. Some of the effects include reduced weight gain, decline in productivity, and decreased immunity, which may make them additionally susceptible to other diseases and lead to increased mortality rates [19]. The negative effects of aflatoxins on animal productivity, and hence on livelihoods and food availability, means that it is important to find means of mitigation that works also in smallholder dairy settings in sub-Saharan Africa.



Aflatoxin contamination can occur at any stage along the food value chain. The primary management strategy for mycotoxins is controlling fungi infestation in the field and during storage [20]. Harvesting grains at optimum maturity, adequate drying, and storing in cool and dry conditions have been proved effective in preventing mold growth [21]. In addition, trials on the potential of atoxigenic biocontrol products to reduce field contamination in maize and groundnuts have been successful in various Sub-Saharan African countries [22,23], although their use in Kenya is still not widespread.



In the case where contamination has already occurred, which is a likely scenario, decontamination of the grains is required before it can safely be used as food or feed. Common post-harvest mycotoxin decontamination strategies include sorting, de-hulling, dilution, microbial degradation, ozone fumigation, thermal inactivation, and irradiation. The ones designed for use by rural smallholder farmers should be simple, practical, safe, effective, and (most importantly) cost-friendly [19,20,24]. Anti-mycotoxin additives (AMAs) are non-nutritive feed additives. They act by binding mycotoxins present in the feed, thereby preventing absorption into the blood system and distribution in the body [25]. Use of AMAs is a simple and effective method of reducing aflatoxin contamination in feed. Since only small doses of AMAs are required for aflatoxin sequestering, sale of AMAs in small packages is encouraged, as this will make the product affordable and economically accessible to smallholder farmers [26].



Novasil clay binder (Novasil™ Plus) is an example of an AMA. Also labeled as hydrated sodium calcium aluminosillicate (HSCAS) [25], Novasil is a calcium montmorillonite clay in the category of phyllosilicate clays. These clays have a porous structure (made of silicate tetrahedrons and octahedrons) which allows for adsorption of the toxins reducing their bio-availability for absorption into the blood [27]. Novasil has been shown to have a higher specificity and efficacy for binding aflatoxins than other mycotoxins [28]. Novasil has been tried in many in-vitro studies and its effectiveness demonstrated in different animal species including cows, sheep, pigs, goats, and chickens [25,29,30,31]. Inclusion of anti-mycotoxin agents in dairy cattle diet has been shown to reduce the rate of secretion of aflatoxin in milk as well as alleviating some effects of mycotoxins on animal performance [32,33].



From the various animal experimental trials, clear dose response of Novasil to aflatoxin has been seen, though differences in aflatoxin concentration in the diets brings about contrasting results [32]. In lactating dairy cows, use of Novasil clay has demonstrated decrease in aflatoxin concentration in milk, ranging from a rate of 17% to 71%, with no apparent effects on milk production, quality, and composition [34].



Previous studies on AMAs around the world have been conducted in controlled settings where the level of aflatoxins in the feed has been highly controlled, and less is known as to how AMAs will perform in farms with high and varying levels of contamination [29,35,36,37]. There is scanty information on the use of mycotoxin binders in Kenya. Mutua et al. [26] established that a number of feed manufacturers in the country used clay binders. However, this was unregulated and the level of use and efficacy of most sold compounds had not been determined. The same study also found that most feed manufacturers reported to use binders when they considered the raw materials to be high risk, but it was not carried out routinely. A field trial in Kenya indicated that providing Novasil to smallholder dairy farmers could have an overall effect on AFM1 in milk sold [38], but further studies are needed to understand how the AFM1 secretion is affected when individual cows are fed normal feed. This pilot study was designed to address this knowledge gap. The study aimed at providing novel information on the secretion of AFM1 in milk in individual cows mimicking an ordinary farm environment in Kenya and how Novasil aflatoxin clay binder could mitigate this.




2. Materials and Methods


2.1. Feeding Trial


The feeding trial was conducted at the International Livestock Research Institute (ILRI) Animal Farm, Nairobi Campus, Kenya, between March and April 2018. A Latin square, four-by-four cross-over design was used. The intended treatments in the design were feeding normal commercial dairy feed, feeding normal commercial dairy feed with binder at a low level, and feeding normal commercial diary feed with a high level of binder.



The feeding trial was carried out within 45-days. The first five-day period was used as a standardization (STD) period for the animals to adapt to the new paddocking environment. A normal diet (N) was administered during the STD period, which consisted of naturally AFB1-contaminated commercial dairy feed concentrate (without aflatoxin binder). The subsequent four periods, each of ten days, were experimental periods during which the treatments were allocated. The decision to have sessions of 10 days was based on the number of days it takes for AFM1 secretion in milk to reach a plateau after ingestion of AFB1-contaminated feed (normally 7–12 days) [39]. The treatments that were tested were dairy feed concentrate with binder (Novasil™ Plus) added at two different rates on w/w basis; NS1 at 0.6% and NS2 at 1.2% [29]. Normal diet (N) was administered for 10 days after each period of treatment (to allow the binder to clear from the body system). The diets were supplemented with hay, and water was provided ad libitum. Samples of hay used were tested for aflatoxin prior to use and found to have negligible level of aflatoxin.



A demonstration of the four-by-four Latin square design as used in the study is given in Table 1. The blocking factors used (each four in number) were time-periods (period A–D) and the number of experimental units (Cow 1–4). The experimental units were distributed randomly to the different treatments throughout the period, but ensuring that by the end of the trial, each experimental unit had received each binder treatment (NS1 and NS2) once and normal diet (N) two times during withdrawal periods.



Given the differences in the experimental units, each one acted as its own control, designed to reduce the between-animal variation which would bring about statistical errors. Table 2 below describes the experimental units in terms of age, breed, stage of lactation, and weight.




2.2. Sampling Procedure


2.2.1. Sampling of Concentrate Feed


Concentrate feed was sourced from a single manufacturer, which was one of the largest manufacturers in the country. This was a naturally contaminated dairy concentrate with no added aflatoxins and no evidence of binder inclusion from the source. No aflatoxins were added to any diet, but all levels were as found in the feed when purchased. The aflatoxin level already present in the feed was measured at the start of the trial. In each 70 kg bag of the feed, a 500 g sample was taken from the upper end, the middle region and the lower end, translating to three samples per bag of feed. Samples were packed separately in sterile bags and stored at 4°C before analysis. Eleven bags of feed were used in the entire trial period.



Samples per bag were then thoroughly mixed and ground using a Romer grinder (Romer Series II Mill from Romer Labs Inc., 1301 Stylemaster Drive Union, City of Union, MO, USA). Hay samples were obtained from representative bales and cut finely using a feed chopper fitted with 7 mm sieve (Nakuru Tiger Machinery, Nakuru, Kenya). From the ground/chopped samples, 20 g was weighed separately into sterile 50 mL tubes, extracted using 70% methanol and analyzed for AFB1 by ELISA technique.




2.2.2. Sampling of Milk


The cows were milked only once in a day (mid-morning). The rest were left for calf feeding. Total milked from each cow during this session was recorded daily. Milk samples were collected from each cow in sterile 50 mL sample tubes during each milking session, throughout the feeding trial. The samples were stored in a cool-box and transported to Biosciences for east and central Africa-International Livestock Research Institute (BecA-ILRI) labs where they were stored at −20 °C before analysis. All of the samples (n = 135) were analyzed for AFM1.





2.3. ELISA Analysis of Samples


Quantitative detection of AFB1 in feed and AFM1 in milk samples was carried out using competitive enzyme-linked immunosorbent assay (ELISA) kit (Helica Biosystems Inc., Santa Ana, CA, USA) following the manufacturer’s instructions and described in details elsewhere [8,9]. Aflatoxin levels were quantified using logarithmic standard curve made from the optical densities of the standards with R2 of above 97%.



The ELISA had a limit of detection of 5 ŋg/kg and the highest standard was 100 ŋg/kg for AFM1 in milk and 2 µg/kg to 400 µg/kg for AFB1 in feed. Milk samples that exceeded the upper limit were diluted with skim milk provided with the kit and re-tested.




2.4. Data Analysis


Data were entered into Microsoft Excel® 2010 and analyzed using R Statistical Package version 3.6.3 [40]. Descriptive statistics including arithmetic means, standard deviations (SD), median, minimum and maximum values were determined. AFB1 values were described using mean ± SD, and maximum and minimum values. Box plots were used to illustrate trends of AFM1 concentration during the four periods (A, B, C, and D). The Kruskal-Wallis test was used to compare the means of AFM1 in the milk under the different treatment conditions (NS1 and NS2) and during withdrawal period when N was administered. An alpha value of p < 0.05 was used in assessing the significance of the differences. Percentage change in milk AFM1 concentration was calculated as the difference the between concentration during binder treatment (NS1 or NS2) and normal feed (N) application, divided by N and multiplied by 100, for each cow individually.



A provisional secretion rate was calculated by dividing the amount of AFB1 consumed with the AFM1 in the measured milk produced, as given in the formula below:


    S e c r e t i o n   r a t e = A F B 1   l e v e l   i n   f e e d × A m o u n t   c o n c e n t r a t e   f e d       M i l k e d   m i l k × A F M 1   l e v e l     i n   m i l k             











Since milking was only carried out partly, this provisional secretion rate is an underestimation of the actual levels based on the milk measured and not the total produced by the cow. The secretion rate was plotted against the binder dose for each cow.





3. Results


3.1. AFB1 in Feed


On average, Cows 1, 2 and 3 consumed 2.1 kg of concentrate feed each day while Cow 4 consumed almost double (4.3 kg) due to its weight. The mean level of AFB1 concentration in feed consumed by the animals during the treatment periods was 35.33 ± 7.51 µg/kg with a minimum value of 19.00 µg/kg and a maximum of 47.11 µg/kg. No significant difference in AFB1 concentration was observed between the periods. Table 3 shows the average level of AFB1 from each bag used and each period of the trial. Samples of hay were found to have negligible level of aflatoxin.




3.2. AFM1 Secretion in Milk


The mean milk yield (kg) per cow was as follows: Cow 1 mean = 3.74 ± 0.44; Cow 2 mean = 3.55 ± 0.35; Cow 3 mean = 4.08 ± 0.33; Cow 4 mean = 5.48 ± 0.73. The mean AFM1 level (ŋg/kg) secreted by the experimental units were as follows; Cow 1 mean = 184 ± 45.56; Cow 2 mean = 163 ± 44.67; Cow 3 mean = 128 ± 62.36; Cow 4 mean = 358 ± 75.03. On average, inclusion of 0.6% (NS1) of binder into the animal diet resulted in 34% decline in milk AFM1 level, while 1.2% (NS2) resulted in 45% decline. The Kruskal-Wallis test showed significant difference (p < 0.005) in the mean levels of AFM1 in milk for the treatments (NS1, NS2) and during the withdrawal periods. Table 4 shows percentage change recorded in milk AFM1 concentration from each cow fed with Novasil at 0.6 and 1.2% (NS1 and NS2, respectively), compared to the period when they did not feed on the binder (N).



Figure 1 shows the pattern in AFM1 concentration in milk from the four experimental units during each period by the treatment applied.



Since three (1, 2, 4) of the four cows were with calves, the calves were allowed to suckle, as is common practice in smallholder dairy in Kenya. Therefore, all milk produced was not measured, making it impossible to calculate the exact secretion rate of AFM1. However, a provisional secretion rate was calculated based on the amount milked, and plotted day by day for each cow as shown in Figure 2. The highest secretion measured varied substantially over the feeding trial, with two of the cows having a rate of up to 4%.





4. Discussion


This study assessed the levels of AFM1 in the milk from four individual cows, kept under normal farming circumstances in Kenya, and fed with normal commercial Kenyan dairy feed, with or without AMA, which is data that is presented for the first time. Various studies on use of enterosorbents as aflatoxin binders have been carried out either as in-vitro studies, or in controlled feed trials where samples are spiked to maintain constant levels of aflatoxins [41]. However, in-vivo studies that simulates ordinary keeping and management environment of dairy cows in Africa are necessary to establish the usage, safety and efficacy of the binders when included in the animal diet.



Smallholder dairy farmers often use commercial dairy concentrate feed, supplemented with forage, grass, and crop residues [42]. Dairy concentrate is mostly a mixture of cornmeal, peanut meal, cotton seed cake, and soybean meal, which are highly prone to aflatoxin contamination [43]. In this study, there was not much variation in the mean AFB1 levels from one bag of feed to the other, as well as from one period to another. The range of AFB1 contamination in feed in this study was generally low compared to that found in other studies (19–47 µg/kg in this study, versus 0–147 µg/kg from that established from peri-urban dairy farming systems [44]), and 0 to about 1000 µg/kg established from different agro-ecological zones in Kenya [9]). In addition, the average level of AFB1 in feed used in this study, which was obtained directly from a local manufacturer, was lower (36.48 µg/kg) compared to 108.9 µg/kg obtained from manufacturers within the country [9]. Variation in AFB1 contamination in feed is attributed to the different seasons of the year [8,9]. The rainy season presents wet and humid conditions which are favorable for mold growth [21]. This trial was designed to mimic an ordinary smallholder Kenyan dairy farm, where it is very difficult for a farmer to obtain aflatoxin-free feed, and where levels of aflatoxins in the feed may vary considerably, therefore the original levels of aflatoxins in the feed was not controlled.



The results from this study showed significant reduction in aflatoxin level in milk in all experimental units (Cows 1–4) at both rates of binder inclusion (p = 0.002). Averagely, a decline of 34% and 45% in milk AFM1 concentration was recorded using 0.6% and 1.2% binder inclusion rates, respectively. This is consistent with results from other studies. Maki et al. [35] recorded 17% and 21% reduction in AFM1 using 0.125 and 0.25% Novasil binder inclusion in the diet, respectively. Another study by Maki et al. [29] used 0.6% and 1.2% binder rates and noted 55% and 68% reduction in milk AFM1 levels, respectively, which is a higher rate of reduction than what we recorded, using equal AMA inclusion rate. Other studies also show the same range of effects. Stroud [32] recorded 40% reduction in aflatoxin milk concentration with addition of 0.5% Novasil in the diet, and Kutz et al. [33], found that Novasil and Solis (two different HSCAS) in the animal diet at the rate of 0.56% resulted in 48% and 45% reduction in milk AFM1, respectively. All of the four bentonites used by Diaz et al. (2004) demonstrated reduction in AFM1 concentration using different bentonite clays, however compared to sodium bentonite AMAs, calcium bentonite AMA was not as effective because of poor water holding capacity [36]. Applying 0.5% of HSCAS in 200 µg/kg of AFB1 in feed, Harvey et al. (1991) observed a reduction rate of 24% and 44% reduction applying 1.0% of HSCAS with 100 µg/kg of AFB1 in feed [37]. Novasil has long been added during feed production as an anti-caking agent or AMA. Trapping of the active molecule and surface area for adsorption has been shown to be important in improving binding affinity thus reducing aflatoxin concentration [45]. There is likely to be less comprehensive mixing of the AMA when added to prepared feed as opposed to inclusion during feed production, thus poor binding affinity resulting to reduced efficacy of the AMA. This may explain the difference in the rates of reduction of AFM1 using similar HSCAS inclusion rates.



There was a large variation in AFM1 secretion between cows. Across all trial periods, one experimental unit (Cow 4, the heaviest Friesian/Boran cross) was seen to secrete higher levels AFM1 (ŋg/kg) (mean= 358 ± 75.03) compared to the other three experimental units (Cow 1 mean= 184 ± 45.56; Cow 2 mean = 167 ± 44.67; Cow 3 mean = 128 ± 62.36). Additionally, this experimental unit yielded more milk (mean = 5.48 ± 0.73) than the other units. The effect of Novasil in reduction of AFM1 at the rate of 0.6% and 1.2% was shown to be 7% and 14%, respectively, which is notably lower than reduction rates in the other three experimental units. Applebaum and Marth found that in addition to milk yield, other within-cow variations are likely to affect secretion of AFM1 [46]. Despite similar rate of AFB1 ingestion among cows in the same stage of lactation, there is likely to be a difference in the rate of secretion and carryover of AFM1 [47]. This is likely to have been the case with experimental unit 4 which showed different results from the other units. Coupled with other factors, the age and weight of unit four are likely to have influenced the higher rate of AFM1 secretion, however there is no definite conclusion on this.



The estimated secretion rates varied over the period, which could be due to differences in the actual levels of AFB1 fed each day, as the toxin levels may be very unevenly distributed in the feeding bags. Since it was not possible to measure the total amount of milk produced by the cow, the daily secretion rates were approximations, and an underestimation of the actual secretion. The amount milked each day could therefore vary depending on how much the calf had suckled.



The maximum residue limit (MRL) for AFM1 in milk used in Kenya is 500 ŋg/kg, which is adapted for use by the East African Community (EAC) from the CODEX Alimentarius Commission (CAC) [48,49]. On the other hand, the EC has set a maximum level of 50 ŋg/kg [50]. There is a push for uniform application of mycotoxins regulations globally, for reduced human exposure, and to facilitate international trade [51]. However, as seen in this study, these limits are far too stringent for smallholder dairy farmers in Kenya to attain even with use of AMAs. This study showed that, by feeding only moderately contaminated feed, and using relatively high AMA concentrations, the milk samples were within the EAC standard but commonly exceeded the EC standard, with high variation. According to this study, anti-mycotoxin agents on their own cannot be relied on to reduce AFM1 in milk to safe levels. Training and good feeding practices are among the recommended practices, alongside use of AMAs [38].



There are some limitations of this study. While calculation of exposure to AFB1 by the animals used in the study was possible, it was not possible to determine accurately the rate of secretion aflatoxin in milk. This is due to the fact that three out of four of the animals used in the trial had calves under lactation, and thus milking was only carried out partly. On the other hand, given that this was a pilot study, only limited animals (four) were used in this design, thus limiting the extent of observation and comparison within and between different treatments used.




5. Conclusions


This study demonstrates potential use of Novasil aflatoxin binder for reducing aflatoxin contamination in milk from dairy animals in Kenya. Inclusion of Novasil aflatoxin binder at the rate of 0.6% and 1.2% (w/w) resulted in 34% and 45% decline in milk AFM1 concentration, respectively. However AFM1 levels were still above the recommended EC standard of 50 ŋg/kg. The study demonstrates that some within-cow factors such as age and weight may affect AFM1 secretion in dairy cows, thus masking part of the effect of the binder. From the study, we deduce that it may be challenging for an ordinary smallholder dairy farmer to achieve low levels of AFM1 in milk as established by international standards. For effective reduction of mycotoxin contamination among smallholder dairy farmers, both preventive and control measures are recommended.
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Figure 1. (a–d) Pattern of AFM1 concentration in milk from individual cows (1–4), where treatment is: NS1- Binder included in feed at 0.6%, NS2-Binder-included in feed at 1.2%, and N1 and N2—Feed without binder. 
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Figure 2. Shows secretion rate of AFM1 in milk against the binder dose from the four experimental units (Cow 1–4). 
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Table 1. Latin square design applied in feeding trial.
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	Cow 1
	Cow 2
	Cow 3
	Cow 4





	Period A
	NS2
	N
	N
	NS1



	Period B
	N
	NS2
	NS1
	N



	Period C
	NS1
	N
	N
	NS2



	Period D
	N
	NS1
	NS2
	N







where; (N) is normal diet which consisted of dairy feed concentrate (without binder) and hay. (NS1) is feed with binder (w/w) at the rate of 0.6% and (NS2) is feed with binder at the rate of (1.2%).
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Table 2. Description of the experimental units.
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	COW 1
	COW 2
	COW 3
	COW 4





	Age (years)
	Four
	Five
	Five
	Nine



	Breed
	Friesian/Boran
	Friesian/Jersey
	Friesian/Jersey
	Friesian/Boran



	Stage of lactation
	Mid-lactation
	Mid-lactation
	Mid-lactation
	Mid-lactation



	Weight (kg)
	330
	400
	390
	520
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Table 3. Average concentration of AFB1 (µg/kg).
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Time Period

	
Bag No.

	
Mean ± SD

(per Bag)

	
Mean ± SD

(per Period)






	
A

	
1

	
39.7 ± 14.1 a

	
35.75 ± 4.68 a




	
2

	
33.2 ± 10.2 a

	




	
3

	
26.1 ± 9.7 a

	




	
B

	
3

	
26.1 ± 9.7 a

	
38.22 ± 8.41 a




	
4

	
47.1 ± 4.3 b

	




	
5

	
42.4± 2.6 a

	




	
6

	
34.3 ± 11.0 a

	




	
C

	
6

	
34.3± 11.0 a

	
39.44 ± 3.54 a




	
7

	
41.4 ± 5.5 a

	




	
8

	
39.3 ± 2.8 a

	




	
D

	
8

	
39.3 ± 2.8 a

	
29.64 ± 9.15 a




	
9

	
36.5 ± 5.4 a

	




	
10

	
19.0 ± 1.6 c

	




	
11

	
29.8 ± 2.6 a

	








Values with same superscript show no significant difference (at p < 0.05).
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Table 4. Percentage change in AFM1 concentration in milk from cows fed with. Novasil at 0.6 and 1.2% (NS1 and NS2, respectively).
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	Cow ID
	NS1 (0.6%)
	NS2 (1.2%)





	1
	52%
	60%



	2
	28%
	60%



	3
	52%
	47%



	4
	7%
	14%
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