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Abstract
Background
Aflatoxins are a category of mycotoxins produced by certain molds naturally occurring as food and feed contaminants with toxic effects to both animals and humans. In Uganda, previous studies on aflatoxins mainly considered human foods, but scarce information exists for animal feeds. The study aimed at establishing the current status of aflatoxins contamination of poultry feeds, level of awareness and the existing technological challenges and innovations to mycotoxin control in Uganda.

Method
Mycotoxin awareness, predisposing factors and existing strategies for managing mycotoxin contamination were investigated through focus group discussions and questionnaires with selected processors and farmers. Poultry feed and feed ingredient samples were collected and analyzed for total aflatoxins using VICAM Fluorimeter procedure for foods and animal feeds.

Results
Majority of the farmers and processors (> 50%) had limited knowledge about aflatoxins; contamination predisposing factors; dangers to animals and humans; and mitigation strategies. The study further revealed poor feed and feed ingredients handling and storage practices that predispose to mold/aflatoxin contamination. Forty feed samples from feed processing plants had aflatoxins in the range 7.5 ± 0.71 to 393.5 ± 19.09 parts per billion (ppb) with only twelve samples being within the generally acceptable limits of 20 ppb as recommended by the Food and Agricultural Organisation and the United States Federal Department of Agriculture. Additionally, all 27 feed samples obtained from the farmers had aflatoxins in the range of 19.0 ± 1.41 to 188.5 ± 2.12 ppb and were above the acceptable limit. Generally, broiler feeds were the most contaminated with aflatoxins. Of the feed ingredients tested, silver fish (Rastrineobola argentea, locally known as “mukene”) had the least concentration (8.7 ± 3.18 ppb) of aflatoxins while maize bran had the highest level of contamination, 103.3 ± 22.98 ppb.

Conclusion
Given the lack of awareness and the high prevalence of aflatoxin contaminated poultry feeds and feed ingredients in Uganda, a higher risk for carryover of the toxins into the animal products for human consumption exist. Hence, the need for comprehensive establishment of the prevention, control and surveillance strategies for reducing mycotoxins in foods.
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Introduction
Animal feed contamination with mycotoxins due to mold growth on living and stored plants presents a global challenge to farmers (Moretti et al. 2017). The most common mycotoxins include; aflatoxins, ochratoxin A, trichothecenes, zearalenone, and fumonisins. Aflatoxins are not as prevalent at pre-harvest stages as some other mycotoxins; since the associated fungi are commonly considered storage molds (Afolabi et al. 2019; Leggieri et al. 2020). Aflatoxins are mainly produced by Aspergillus flavus and Aspergillus parasiticus, which are especially found in areas with hot and humid climates; and are hence frequent contaminants of agricultural products from tropical countries, such as Uganda (EFSA 2019). The greatest bulk of animal and poultry feeds is composed of raw materials that are mainly cereal based; and these are often prone to contamination by mycotoxin-producing fungi. Moreover, in a review by Bankole et al. (2006), it was pointed out that maize and groundnuts are the most contaminated crops with Aspergillus spp. in Sub Saharan Africa. Additionally, previous studies reported Ugandan crops, mainly maize, peanuts and cassava, having aflatoxins at unacceptable levels, with some samples recording as high as 1000 ppb (Kaaya and Kyamuhangire 2006; Lukwago et al. 2019; Muzoora et al. 2017). Similarly, the presence of aflatoxins and non-regulated fungal metabolites in maize across the different seasons was reported elsewhere (Hajnal et al. 2020).
Pre- and post- harvest aflatoxin contamination is widely associated with food crops including groundnuts, maize, tree nuts, rice, figs, dried foods, cocoa beans, fruits, spices, crude vegetable oils, as well as milk, and meat products (Iqbal et al. 2015; Moretti et al. 2017; Udomkun et al. 2017). Cowpeas, which is widely promoted as a protein source in human feeds; and may be utilized in animal feed formulations are also prone to fungal infestations and mycotoxin contamination (Afolabi et al. 2019). Essentially, raw materials for compound food and feeds are good substrates for mold growth; and Food and Agricultural Organisation (FAO) estimated up to 25% of the world’s food crops and a big proportion of the world’s animal feedstuffs being contaminated by mycotoxins (Streit et al. 2013). Aflatoxins have toxic, carcinogenic, mutagenic and teratogenic effects in the humans and animals; with predilection to the liver (Milicevic et al. 2015; Zain 2011). Aflatoxin-contamination along the animal feed chain, is not generally given attention especially in developing countries, however, it contributes to exposure of the human consumers to contaminated products (Akande et al. 2006; Ráduly et al. 2020). Aflatoxins are associated with economic impacts including increased mortality of farm animals, lowered livestock productivity, increased veterinary costs and challenges in disposal of contaminated feeds and feed ingredients (Akande et al. 2006; Zain 2011). In addition to the effects of the aflatoxins, mold-infested feeds have poor nutritional value and organoleptic properties, which affect feed intake by the animals (Akande et al. 2006).
Poor post-harvest and produce handling practices, which are commonly encountered in Uganda, favor growth of molds and subsequent production of mycotoxins. Most of the data on aflatoxins in Uganda, relate to foods for human consumption (Kaaya and Warren 2005; Taligoola et al. 2010; Taligoola et al. 2011). However, there is evidence of high levels of aflatoxins in animal feeds (Kaaya et al. 2000). Information on aflatoxin levels in poultry feeds remains scarce; yet contaminated animal products are a major source of exposure to the human consumers (Ráduly et al. 2020). Apart from institution of various control strategies, successful management of aflatoxins requires awareness by the various stakeholders. However, there is a knowledge gap about awareness by farmers and feed processors as well as the practices that contribute to aflatoxins contamination. Therefore, the purpose of this study was to establish the current status of aflatoxins contamination of poultry feeds, level of awareness by the farmers and feed processors; and the existing technological challenges and innovations to mycotoxin control in Uganda.

Materials and methods
Study area, population and samples
The study population included selected small- and large-scale feed processors, and poultry farmers in the districts of Kampala, Wakiso, Jinja, Mbale and Masindi. The farmers were identified by the Uganda Poultry Farmers’ Association (UPOFAN). For establishing awareness and feed handling practices, 44 respondents (17 farmers and 27 processors) from Kampala, Wakiso and Jinja districts were selected.
The poultry feed samples and feed ingredients were sourced from selected commercial feed processors from all the five districts, while additional samples of on-farm mixed feeds were obtained from three (3) farmers located in each of the three (3) agro-ecological zones of Uganda (mid-altitude wet [Jinja], mid-altitude dry [Masindi], and high altitude [Mbale]) where high occurrence of mycotoxins was reported (Atukwase et al. 2009).

Feed sampling
From each firm or farm, one feed sample was collected and analysed in duplicate. However, in case of poultry farms, a composite feed sample was obtained. The sample sources included selected commercial feed processors (four large scale and four small scale); and nine farmers (three farmers, three agro-ecological zones). The feed types included chick mash, growers mash, layers mash, broiler starter and broiler finisher; however, three feed types were collected from the farmers, due to the type and age of the poultry kept at the time. In addition to the compound feeds, one sample of each of the feed ingredients (silver fish/mukene, maize bran, cotton seed cake, sunflower seed cake, and soybean) were obtained from four of the eight selected processors. Hence, a total of 67 feeds and 20 feed ingredients samples from both processors and farmers were analyzed in duplicate for presence and levels of aflatoxins.

Mycotoxin awareness surveys
Mycotoxin awareness, predisposing practices during feed handling and/or processing and existing strategies for mycotoxin contamination were investigated through focus group discussions (FGDs) with the processors; and a questionnaire survey and check lists with selected farmers. Some of the farmers and processors were engaged at their sites of operations to get information in relation to a summary presented in Table 1. Use of mycotoxin binders was also probed for. For each study area, after the FGD’s and questionnaire administration, a sensitization seminar on the mycotoxins, their causes, predisposing factors and preventative strategies was offered. The checklist of questions used for FGDs are presented in Table 2.
Table 1Information sought for through the questionnaire


	  1. Location

	  2. Respondent demographic information

	  3. Bird species and categories kept

	  4. General knowledge on aflatoxins or mycotoxins

	  5. Feed or ingredient purchasing practices

	  6. Feed or ingredients storage practices and problems

	  7. Strategies for prevention of storage problems

	  8. Knowledge about mycotoxin binders



Table 2Checklist of questions for the Focus group discussions (FGDs)


	  1. Challenges associated with animal feeds. Please prioritize the challenges identified

	  2. Mycotoxins awareness:

	    a. Source of information

	    b. Implications to humans and animals

	    c. Other implications (trade etc.)

	  3. Strategies for mycotoxins management

	  4. Suggest what works well for you.





Laboratory analysis for aflatoxins
Extraction of Aflatoxins
The aflatoxin content in the feeds and feed ingredients was determined at the Department of Food Technology and Nutrition, Makerere University, using the VICAM Fluorimeter procedure for foods and animal feeds, following the manufacturer’s instructions (VICAM L. P, USA). The aflatoxins were extracted following a procedure as described by Kaaya et al. (2000) and the filtrate was stored at − 18 °C for later use. Briefly, the fluorimeter was calibrated using Aflatest® Federal Grain Inspection Service (FGIS) standards. The Aflatest developer solution was prepared; as well as an aflatoxin extraction solution, 80% methanol (methanol:water 80:20 v/v). All the samples were ground using a Romer Mill (Romer series II® MILL), and from each sample 50.0 g was weighed, mixed with 5 g Sodium Chloride; to which 100 ml of the extraction solution was added and blended at high speed for 1 min. The mixture was filtered through a fluted filter paper (Folder Grade: 1289, VICAM, A Waters Business), 10 ml of filtrate was diluted with 20 ml of purified water in a clean tube and mixed properly. The diluted solution (5 ml) was filtered through 1.5 μm microfiber glass and then passed through an AflaTest column, which was attached to a VICAM stand. The column was washed twice with 10 ml of purified water at a rate of 1–2 drops/second; a process that was repeated until air passed through the column. To the column head-space, 1 ml of High Performance Liquid Chromatography (HPLC) grade methanol was added to elute the aflatoxin from the column at a rate of 1 drop/ second into the glass cuvette.

Aflatoxin quantification
One mL of Aflatest® developer solution was added to the eluate, mixed, and concentrations of total aflatoxin (B1 + B2 + G1 + G2) in μg/kg were detected after 60 s using a Vicam fluorometer (Series-4EX, Source Scientific LLC, USA), which was calibrated with methanol as the blank. The lower detection limit of this method was 1.0 μg/kg and upper limit was 200 μg/kg. For samples above 200 μg/kg, extracts were further diluted an additional × 5 for an upper limit of 1000 μg/kg (1 μg/kg = 1 ppb).


Statistical analysis
Differences in knowledge between the farmers and processors were compared using Mann-Whitney U test in STATA (version 12.0). The aflatoxin contamination levels were compared by, feed types, feed ingredients and whether sourced from processor or farmer. Data were summarized and expressed as means. Differences in aflatoxin contamination was analyzed using analysis of variance (ANOVA). Duncan’s multiple range test was used to test for differences between the specific categories and p < 0.05 was set to indicate statistical significance. Analyses were performed using SAS® software (version 9.1, 2004; SAS Institute, USA).


Results
Mycotoxin awareness among selected poultry farmers and feed processors
Findings about the farmers and processors’ awareness on mycotoxins in poultry feeds are summarized in Table 3. Knowledge levels on mycotoxins including awareness, occurrence, predisposing factors, effects to animals and humans, as well as preventive measures generally ranked between 0 and 6 with a mean of 2.65 ± 1.92. There was no significant difference (p > 0.05) observed between the farmers and processors for most of the tested parameters except knowledge on preventive measures where processors were more knowledgeable (p < 0.05) compared to farmers. However, poultry farmers were more aware (52.94%) of mycotoxins and their occurrence compared to feed processors (44.44%). An almost equal number of farmers and processors did not have any knowledge on factors influencing mycotoxin contamination and its dangers.
Table 3Mycotoxin awareness among selected poultry farmers and feed processors


	Knowledge Parameter
	Response
	Total (%) n = 44
	Farmers (%) n = 17
	Processors (%) n = 27
	P value

	Awareness of mycotoxins
	Yes
	21 (47.73)
	52.94
	44.44
	0.758

	No
	23 (52.27)
	47.06
	55.56
	 
	Occurrence
	Yes
	19 (43.18)
	52.94
	37.04
	0.359

	No
	25 (56.82)
	47.06
	62.96
	 
	Factors influencing mycotoxin contamination
	Rodents/Insects/Molds
	5 (11.36)
	11.76
	11.11
	0.145

	Poor harvesting/Handling
	3 (6.82)
	17.65
	0.00
	 
	Moisture
	12 (27.27)
	17.65
	33.33
	 
	Do not know
	24 (54.55)
	52.94
	55.56
	 
	Dangers of mycotoxin contamination
	Few eggs
	5 (11.36)
	23.53
	3.70
	 
	Ill-health
	4 (9.09)
	5.88
	11.11
	0.165

	Poor growth
	10 (22.73)
	11.76
	29.63
	 
	Do not know
	25 (56.82)
	58.82
	55.56
	 
	Solution to mycotoxin contamination
	Drying
	19 (43.18)
	35.29
	48.15
	0.044

	Mixing own feed
	3 (6.82)
	17.65
	0.00
	 
	Sorting
	1 (2.27)
	0.00
	3.70
	 
	Pesticide
	8 (18.18)
	5.88
	25.93
	 
	Do not know
	13 (29.55)
	41.18
	22.22
	 
	Awareness of mycotoxin effects to humans and animals
	Yes
	7 (15.91)
	23.53
	11.11
	0.402

	No
	37 (84.09)
	76.47
	88.89
	 
	Overall knowledge score
	Range
	0–6
	 	 	 
	Mean ± SD
	2.65 ± 1.92
	2.76 ± 1.75
	2.59 ± 2.06
	0.7357


Differences in knowledge between the farmers and processors were compared using Mann-Whitney U test with being significant at p < 0.05



Table 4 present the results of the survey on the factors predisposing to mycotoxins in poultry feeds, broadly categorized into: general feed storage and feed purchasing. All the 44 respondents practiced stock piling of the feeds and feed ingredients especially maize bran (81.8%) in preparation for seasons of scarcity. Majority (88.6%) of the respondents reported having encountered molds in their feeds and ingredients during storage while 72.7% did not practice the first-in first-out good store management practice. Many (56.8%) of the respondents did not purchase feeds from the same supplier while 31% obtained their feeds from other sources as determined by the prevailing market prices.
Table 4The feed acquisition and storage practices among selected poultry farmers and feed processors


	 	Category
	Response
	Frequency (%) n = 44

	Storage Practices
	Reasons for stock piling feed/ingredients
	Preparation for period of scarcity
	26 (59.1)

	Favourable/lower prices
	16 (36.4)

	Others (own harvest)
	2 (4.5)

	Average duration of storage
	<  1 month
	26 (59.1)

	>  1 month
	18 (40.9)

	Form stored
	Individual ingredients, especially maize bran
	36 (81.8)

	Mixed
	8 (18.2)

	Quantity stored (kg)
	< 100
	18 (40.9)

	100–1000
	33 (75.0)

	> 1000
	3 (6.8)

	Structure of storage area
	Raised platform
	12 (27.3)

	On floor
	32 (72.7)

	Ever encountered storage problems
	Yes
	39 (88.6)

	No
	5 (11.4)

	Storage problem management
	Fumigation
	31 (70.5)

	Proper drying
	9 (20.5)

	Binder
	4 (9.1)

	Practice First in-First out
	Yes
	12 (27.3)

	No
	32 (72.7)

	Feed Purchasing Practices
	Feed Source
	Local supplier
	7 (15.9)

	Commercial processor
	26 (59.1)

	Other
	11 (25.0)

	Ingredient source
	Small scale feed traders in Kisenyi
	14 (31.8)

	Local miller/supplier
	13 (29.5)

	Local Processor/agent
	8 (18.2)

	Other
	9 (20.5)

	Quality determination method
	Source from reliable source
	2 (4.5)

	Inspect for foreign objects
	16 (36.4)

	Appearance, not moldy
	8 (18.2)

	Moisture check (subjective)
	17 (38.6)

	Other
	1 (2.3)

	Source from same supplier
	Yes
	5 (11.4)

	No
	25 (56.8)

	Other (price influence)
	14 (31.8)





Occurrence and concentration of Aflatoxins in poultry feeds and feed ingredients
Feeds of different types including; chick mash, growers mash, broiler mash, layers mash and broiler finisher from large scale and small-scale processors were each tested for presence and concentration of aflatoxins. All 40 feed samples from the processors that were analyzed contained aflatoxins ranging from 24.75 ± 13.99 to 185.25 ± 142.03 ppb irrespective of the scale of the processor (Table 5). Only six feed samples had aflatoxin concentration within FAO (2004)/USFDA (2019) acceptable limits of 20 ppb. It should be noted that four samples of those that were in acceptable limits were from one large scale commercial processor from Wakiso district while the remaining seven processors had aflatoxin levels higher than 20 ppb. Generally, large scale processors had significantly lower levels of aflatoxins in the tested feed types than their small-scale counterparts, at p < 0.05; except for grower’s marsh (Table 5).
Table 5Occurrence and aflatoxin concentrations in different poultry feed types from large- and small-scale processors


	Processor’s scale of production
	Aflatoxin concentration Mean ± SD (ppb)

	Chick mash
	Growers Mash
	Broiler Finisher
	Layers mash
	Broiler mash

	Large scale
	26.75 ± 11.85b
	86.5 ± 116.54a
	46.50 ± 23.23b
	40.40 ± 31.50b
	24.75 ± 13.99b

	Small scale
	69.38 ± 16.24a
	125.87 ± 96.74a
	185.25 ± 142.03a
	98.38 ± 79.08a
	105.37 ± 125.34a


Data represents Mean ± standard deviation of 4 samples from 4 processors of each category
abMeans with different superscripts in the same column are significantly different at p < 0.05



At farmer level, compounded feeds (chick mash, growers mash and broiler finisher) were analyzed for aflatoxin contamination. All 27 feed samples from the nine farmers had aflatoxin levels in the range 19.0 ± 1.41 to 188.5 ± 2.12 ppb, which was above the acceptable limit of 20 ppb. Aflatoxin concentration in poultry feeds collected from the farms differed significantly (p < 0.05) amongst the farmers with those from Wakiso district having higher concentration compared to those from Mbale and Masindi (Fig. 1).
[image: A40550_2020_79_Fig1_HTML.png]
Fig. 1Aflatoxin concentration in poultry feeds from selected farmers in three Ugandan districts. Data represents Mean ± standard error of means. Different letters above each graph are significantly different by Duncan’s multiple range test at p < 0.05




Results for presence and levels of aflatoxins in the feed ingredients from two large scale and two small scale processors are shown in Table 6. Aflatoxin concentration varied significantly (p < 0.05) across the different feed ingredients with silver fish having the least concentration and maize bran the highest levels. The order of contamination thus followed the trend; Silver fish<Soybean<Sunflower<Cotton seed cake<Maize bran. The various feed ingredients types sourced from small scale processors had higher concentrations of aflatoxins compared to those obtained from the large-scale processors. One large scale processor, had all feed ingredients within the FAO (2004) accepted range (< 20 ppb) with the lowest (Silver fish) having 6.5 ± 0.71 ppb and highest, maize bran, having 18 ± 2.83 ppb (data not shown). Generally, small scale processors had feed ingredients with significantly (p < 0.05) higher aflatoxins concentration compared to the large-scale processors; except for Silver fish and cotton seed cake.
Table 6Aflatoxin concentration in different poultry feed ingredients from large- and small-scale processors


	Processor’s scale of production
	Aflatoxin concentration Mean ± SD (ppb)

	Mukene
	Maize bran
	Soybean
	Cotton seed
	Sunflower seed

	Large scale
	8.75 ± 3.18a
	22.25 ± 6.01b
	16.75 ± 7.42b
	20.25 ± 6.71a
	17.00 ± 7.78b

	Small scale
	19.25 ± 5.30a
	103.25 ± 22.98a
	52.75 ± 0.35a
	67.25 ± 22.98a
	62.25 ± 2.47a


Data represents Mean ± standard deviation of two samples from two processors of each category
abMeans with different superscripts in the same column are significantly different at p < 0.05





Discussion
Presence of aflatoxins in poultry feeds and feed ingredients compromises farm production parameters including feed intake, feed conversion, weight gain, reproductive performance of the birds; and at the same time risking the introduction of these toxins into the human food chain (Nemati et al. 2014; Ráduly et al. 2020). Investigation of practices, knowledge and apparent health risk to humans and animals by aflatoxins amongst the key stake holders in the animal food chain including poultry farmers and feed processors is paramount to establish awareness levels if prevention strategies are to be established. The current study revealed low levels of knowledge on aflatoxins among poultry farmers and feed processors. However, farmers were more knowledgeable compared to the processors. This finding contrast that by Kang'ethe and Lang'a (2009) who reported 67% of the urban farmers not knowing the existence of aflatoxins in grains while feed millers were knowledgeable even about its excretion in milk, although there were no measures taken to reduce exposure to the animals. A similar study by Makau et al. (2016) reported about 38.5% of the famers being aware of aflatoxicosis in dairy cows; while Marechera and Ndwiga (2014) reported a higher percentage (92.5%) of farmers in the lower eastern Kenya to have knowledge about aflatoxins. For the latter, their knowledge was, however, influenced by the fact that their area had registered a number of aflatoxin outbreaks in humans during previous years and aflatoxin contamination is regarded endemic. For this study, processors were more knowledgeable about some aspects of mycotoxins prevention strategies than farmers; and some reported use of ‘binders’, such as Toxiban®. However, they thought that the purpose of the binders was to improve the shelf-life; and/or kill the storage pests or as growth promotion supplements. The survey further revealed poor storage practices, such as, stock piling and storing feeds on the floor. Stock piling and other poor bulk handling practices of feeds, including prolonged time in storage, predisposes to contamination of feed stuffs with aflatoxin producing fungi (Cheat et al. 2016; Makau et al. 2016). Moreover, stock piling and direct storage of feeds/ingredients on the floor increases the dampness and moisture content, while the pressure exerted by feeds upon each other leads to reduced feed particle sizes hence creating conditions favorable for mold growth (Munthali et al. 2016). Poor storage of feeds and feed ingredients, for example maize bran, maize germ and other grain mill products, has been associated with contamination by aflatoxins (Lanyasunya et al. 2005). Non practice of the first-in first-out store management as observed in this study leads to farmers and processors blending old batches of feeds and feed ingredients with new ones, a phenomenon that increases the risk of aflatoxin contamination. Surprisingly, deliberate use of poor-quality maize and recycling of moldy grain products, such as bread, into animal feeds was reported by some small-scale processors. This practice is likely to be a substantial source of molds and mycotoxin contamination to the final product. Results of the survey points to the fact that lack of knowledge fails risk management efforts, hence the need for education or sensitization to create awareness as well as institution of behavioral change.
The present study revealed a generally high contamination of broiler feeds with aflatoxins, similar to findings by Kana et al. (2013) who reported levels of 39–950 ppb and 2 -23 ppb, for broiler feeds and layer feeds, respectively. Similar results for broiler mash contamination were reported by Kajuna et al. (2013). All feed samples sourced from the farmers in the present study had aflatoxins concentrations beyond the acceptable limits. These findings are similar to those from a related study in Kenya by Kang'ethe and Lang'a (2009) who reported 67% and 58% of the aflatoxins positive samples from farmers and grain millers, respectively; exceeding the FAO recommended limits. An assessment of aflatoxins concentration in mixed poultry feeds in Cameroon showed that 93.3% of broiler and 83% of layer feeds tested positive for aflatoxins (Kana et al. 2013), which augments findings in our study. An earlier investigation in Uganda by Sebunya and Yourtee (1990) reported that 66.6% of the poultry feed and 83.3% of other animal feeds had high levels of aflatoxins, pointing to the persistent occurrence of the problem. The lower levels of aflatoxins in poultry feed types from large scale processors compared to those from small scale processors is influenced by the improved processing and storage facilities as well as the short holding duration among the former category. Most of the small-scale processors have semi-permanent buildings that are porous, hence there is no effective management of humidity levels and entry of vermin, which predispose to contamination. The high humidity levels in the study area in Uganda, post-harvesting challenges as well as the feed and feed ingredient handling practices by both the processors and farmers could explain the high occurrence of aflatoxins contamination of the samples analyzed as earlier reported by previous researchers (Kaaya and Warren 2005; Kotinagu et al. 2015).
The bulk of poultry feeds in Uganda is majorly composed of silver fish, maize bran, soybean, cotton seed and sunflower seed cake. Analysis of aflatoxins concentration in the raw materials showed that the fish meal was least contaminated while maize bran was most contaminated. Despite the similarity in contamination levels in the various feed types as observed in the present study and those reported elsewhere in the region, the trend in the feed ingredients is different (Kana et al. 2013; Nemati et al. 2014). Nemati et al. (2014) reported soybean contamination levels of 6.01 ppb whereas maize grains and wheat bran had 2.35 ppb and 3.05 ppb, respectively. Kajuna et al. (2013) also reported minimal contamination of maize bran despite most feed samples testing positive for aflatoxin B1. Similar to the current findings, Nyangi et al. (2016) reported high concentration of aflatoxins in maize bran used for animal feed compared to other maize based products on the market in Tanzania. Due to the ubiquitous nature of aflatoxigenic molds in the environment, feed ingredients often get contaminated before or after harvest during storage, mixing and compounding into whole feed (Kajuna et al. 2013). Feed processing methods, specifically thermal treatment is done in case of soybean, but not any other ingredients that are only crushed into smaller particles. The treatment probably influenced the low aflatoxins content in soybean, although the detection method targeted the primary aflatoxins not the degradation products, which may be equally toxic (Stadler et al. 2019). Occurrence of aflatoxins in feed ingredients and raw materials even at lower concentrations will result into overall contamination of the compounded feed posing health risk to the animals (Nemati et al. 2014). Since maize bran forms the highest proportion in the feed formulation, there is need to manage field and storage maize contamination, to ensure safety along the food/feed value chain; and prevent carryover in animal products for human consumption.

Conclusions
The present study revealed low levels of knowledge about mycotoxins in poultry feed by both feed processors and farmers since majority (> 50%) were not aware of these toxins, their occurrence, predisposing factors and dangers to both animals and humans. The study further revealed poor feed and feed ingredients handling and storage practices that predispose to mold/aflatoxin contamination. All the feed samples from feed processing plants were contaminated with aflatoxins, but only 18.8% were within the recommended limit of 20 ppb (FAO 2004 /USFDA 2019). Similarly, all the feed samples from the farmers were contaminated with aflatoxins but none was within the acceptable limits; and broiler feeds were more contaminated than the other feed categories. Of the feed ingredients tested, the silver fish had the least concentration of aflatoxins while maize bran had the highest level of contamination. Hence efforts to manage aflatoxins should emphasize the maize value chain.
The limited awareness and the high prevalence of aflatoxin contaminated poultry feeds in Uganda, points to a higher risk for human consumers; hence sensitization of the relevant stakeholders is necessary. Additionally, as it has been proposed in many other African countries, there is need for comprehensive establishment of the prevention, control and surveillance strategies for reducing mycotoxins, especially the aflatoxins, in feeds. Finally, in order to estimate the impact and hazards on animal and human health, there is need to carry out exposure assessment of aflatoxin intake through consumption of maize-based foods and feeds, as it was done for wheat-based foods (Djekic et al. (2019).
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