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The level of contamination of the feeds was ascertained using High Performance Liquid 
Chromatography Method (HPLC) and results compared to the recommended maximum limits as 
specified in International Standards/Codex Alimentarius Commission.  Aflatoxin B1 was analyzed in 
layer feeds across the value chain: raw materials, at the production point, retail point and on the farm. 
Poultry feeds ingredients analyzed include maize bran, broken maize, fish meal, cotton seed cake, 
sunflower cake, shells and layer feeds. The obtained results after analysis showed that locally produced 
feeds’ aflatoxin B1 levels were well below the set maximum limit of 20ppb by 79.45-81.85%. Aflatoxin B1 
limits are not specified in the Ugandan Standard, though maximum limits are set in other countries’ 
standards and other international feed and food related organizations thus if the feeds and/or poultry 
and poultry products are to be exported, the set limits have to be met. Indian Standards set the 
maximum limit for aflatoxin B1 in feeds at 20ppb and this is the worldwide-accepted limit for poultry 
feeds. Aflatoxin B1 levels, though below the maximum limit, they were found to increase across the 
value chain indicating poor feed handling, storage and transportation procedures.  
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INTRODUCTION 

 
Uganda is a landlocked country with a tropical climate 
and an average temperature of 25°C, which conditions 
can compromise the quality of poultry feeds produced 
and favor microbial growth (Kaaya  and Warren, 2005). 
Microbial growth optimum temperature and moisture 
conditions provide conducive environment for the 
Aspagirus genus that causes aflatoxin contamination in 
the feeds and carbohydrate-rich grains such as peanut, 
corn, cotton, and wheat (Zain, 2011). It is revealed that 
aflatoxin contamination has been studied mainly in maize 
and groundnuts, and aflatoxin B1 is the most prevalent in 
the country (Kaaya  and Warren, 2005). This type of 
aflatoxin is the most toxic in terms of carcinogenicity 
(Mongkon and Suriyasathaporn, 2015). Specifically, 
aflatoxin B1 (AFB1) is already included as carcinogenic  
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to humans by the International Agency for Research on 
Cancer (IARC, 2013). 

Based on their fluorescent property, Aflatoxins are 
named as B1, B2 (exhibit blue fluorescence) and G1, G2 
(exhibit green fluorescence).  The hydroxyl toxins M1 and 
M2 produced by cattle after feeding on contaminated 
feeds are also known as milk toxins (Gizachew et al., 
2016). 

Preliminary visits were done on several poultry feeds 
producers in Kampala, Mukono and Wakiso districts and 
the processes used in the production of the feeds 
internalized. The poultry feeds producers visited include 
Ugachick, Nsava Feeds, Mutiima Feeds and Biyinzika 

Feeds.  It was discovered that producers generally use 
similar production procedures except that some produce 
at a large scale than others.  After assessing that most of 
the producers were using similar methods of production, 
Mutiima Feeds was considered for this research since it 
also expressed interest in the research. Mutiima Feeds 
(U) Limited is located  in  Nateete  along  Kinawa road. In  
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addition, it produces on average 10 tons of feeds per 
week and has some retail points in the town outskirts. 
Applying value chain analysis approach, feeds were 
sampled at production point, retail point at Container 
village as well as on the farm of one of the consumers in 
Wakiso district.  

With the production, transportation, storage and use 
procedures of the locally produced feeds, there are high 
chances of contamination especially with aflatoxin B1 
thus, this paper seeks to provide concrete information 
and data on the aflatoxin B1 levels in the locally produced 
feeds. The inability of the manufacturers to export the 
feeds, however, is not based on poor quality of the feeds 
but rather majorly depends on the prevailing trade 
policies with the potential importing countries as well as 
high local demand of the feeds. Most of the medium to 
large-scale producers of poultry feeds produce good 
quality feeds as evidenced in the paper thus, any 
significant increase in production and a check in the 
prevailing policies could aid the farmers to export to other 
countries. This paper also seeks to avail the farmers with 
the level of contamination of the feeds, a point at which 
feeds are most prone to contamination and some 
procedures that can be undertaken to avoid such 
contaminations.  
 
 
MATERIALS AND METHODS  
 
Sampling  
 
Stratified sampling method was used and certain 
identified batches of layer feeds were followed up across 
the value chain. Stratified random sampling was 
preferred because it attempts to restrict the possible 
samples to those which are „less extreme‟ by ensuring 
that all parts of the population are represented in the 
sample in order to ensure consistency, accuracy and 
reliability of the results.  

About 2kgs in triplicate of each of the batches were 
picked and homogeneously mixed before analysis to 
create one homogeneous sample to use for analysis. 
Sampling tools that were used include scoop, sampling 
bags and gloves. It was ensured that the scoop and other 
sampling tools were clean and disinfected to avoid cross 
contamination. The gloves were used once in every 
sampling task. 
 
 
Method validation  
 
All the reagents were of analytical grade (HPLC). The 
mycotoxins standards for aflatoxin B1 were obtained from 
Sigma-Aldrich laborchemikalien. The standards were 
calibrated and checked for their purity by UV spectro-
photometer (AOAC, 2012). The Mycotoxins standards 
solution used in the present study were dissolved in  

 
 
 
 
specific solvent (methanol). The extraction of sample 
were done as per AOAC method and quantified with 
reference standards by HPLC. 
 
 
Determination of Aflatoxin B1 in Feeds 
 
Principle 
 
The toxins were extracted from a known quantity of 
homogenized sample using methanol/water and 
the concentrated extract was purified by immuno-
affinity column clean up. The toxins were extracted 
from the column-using methanol and were 
separated and quantified by HPLC. 
 
 
Apparatus and materials: 
 
Laboratory mill 
Rotary shaker 
 
 
HPLC apparatus: 
 
Gradient solvent delivery system (Waters, Alliance 2695 
separation module with column oven) Waters PCRS 
(post column reaction system) and Waters temperature 
control module 
 
Column: Zorbax Eclipse Plus C18 (4.6 mm x 150 
mmx5µm)  
Detector: Waters 474 scanning Fluorescence detector, 
HPLC column, Ultrasonic bath, Branson, Vacuum 
filtration pump, Millipore, SPE manifold 
Glassware: Erlenmeyer flasks (250 mL), Volumetric 
flasks (100, 50, 10, 5 mL-z certified/A - grade), separator 
funnels (500 mL), pipettes (10, 5, 2, 1mL- certified/ A - 
grade) 
 
 
Reagents: 
i. Aflatoxin Immuno-affinity columns, 
Rhone Phoulenec 
ii. 0.45 µM filters, Millipore 
iii. Methanol (LC/Pestanol Grade) 
iv. Mobile Phase for HPLC: Methanol: 
Water (50:50) 

 
 

HPLC Condition  
 
Column: Zorbax Eclipse Plus C18, 4.6x150mmx5µm 
Column Temperature: 40°C 
Mobile phase methanol: water (50:50) 
Flow rate: 1 mL/min 
Post column reactor coil temperature: 70°C. 



 
 
 
 
Post column reagent flow: 0.30 mL/min  
Detector excitation Wavelength: 363 nm 
Emission Wavelength: 435 nm 
 
 
Pre-conditioning of the LC: 
 
Pure solvent was placed at channels A, B and C, 
degassed with He gas.  The flow was set at 1mL/min 
and leaks were checked through all connections. The 
column and post-column reactor ovens were switched 
on and allowed to reach the required temperature and 
stabilize. The LC pump was switched on and the 
pressure allowed to stabilize. 
 
Procedure: 
 
Preparation of sample 
 
The entire sample from the sample bags was transferred 
into a dry vessel, mixed well to get a homogenized 
sample. 
 
 
Sample preparation and analysis  
 
From a homogenized sample, 25g and 2g of Sodium 
chloride were weighed into a high-speed blender jar. 
125ml of HPLC Grade methanol: distilled water (60:40, 
v: v) was added into the jar, covered and blended for 1 
minute at high speed. The extract was diluted with 125ml 
of distilled water, mixed well by swirling and filtered 
through Whattman No.4 filter paper immediately to 
obtain 45ml of the sample extract. 10ml of the sample 
extract was passed through the immuno-affinity column 
at a flow rate 3ml/min followed by 10ml of distilled water 
for washing the column. The residual water was expelled 
from the column and 1ml of HPLC grade methanol 
accurately transferred to the column to elute aflatoxins 
from the column. All the methanol elution was collected 
and diluted with 1ml of distilled water before injection 
into HPLC system. The following equation was used in 
the treatment of results. 
 
 

  

 
Where: 
 
Cr is the aflatoxins concentration as read from the curve 
Ve is the extraction volume of the solvent to extract the 
aflatoxins 
Vf is the final volume eluted from the column for running  
Ms is the mass of the sample taken  
Viac is the volume of the sample passed through the 
immuno-affinity column 
D-Dilution factor use 
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RESULTS AND DISCUSSION  
 

With the increasing growth in population especially in 
Uganda projected to reach 38 million by 2015 
(Foundation, 2013), there is pressure created not only on 
agriculture but also on protein enriching foods like eggs, 
milk and other related products. This culminates into 
increased demand for feeds thus, quality is not given 
priority because of the readily available market and 
inability of the responsible national bodies to intervene in 
ensuring production of good quality feeds. The same 
happens globally though most of the developed countries 
have measures on how quality of such products can be 
monitored. The same has been advised to the developing 
countries especially in the Millennium Development 
Goals (MDGs) to aid the farmers and feeds producers to 
export to other countries that can consume at higher 
prices thus, improve their livelihood (Foundation, 2013). 

The Sustainable Development Goals (SDGs) that arose 
from MDGs still point at agriculture as a core industry 
among others like tourism and minerals that can address 
the abject poverty of the people and aid the country in 
realizing such goals (ACODE, 2014). SDGs especially in 
agriculture cannot be achieved if the quality of the 
products produced is not monitored, thus this research 
serves to contribute to the available data and literature on 
the quality of feeds. The breakdown of the SDGs into the 
National Development Plans I and II as an avenue to 
achieve Vision 2040 still encourage investment in 
agriculture, tourism and minerals (Oil and Gas) (NDPII, 
2015). As highlighted in the national report on Vision 
2040 (Rwendeire, 2012), climate change in Uganda is 
one of the challenges facing agriculture. Such drought 
conditions resulting from climate change compromise the 
quality of the feeds produced and provide good bleeding 
conditions for aspergillus that result into mycotoxin 
growth. This therefore calls for government intervention 
through sensitization and provision of relevant services to 
address such challenges facing the industry.  

The recovery percentage of aflatoxin B1 was 90% in 
the present study. Aflatoxin B1 concentration of the raw 
materials was determined using HPLC method and 
calculations were done using equation 1.0. Three of the 
feeds‟ ingredients i.e. Sunflower cake, Cotton seed cake 
and Fish had significant aflatoxin B1 levels with sunflower 
cake registering the highest aflatoxin B1 concentration of 
7.26ppb followed by cotton seed cake and fish with 6.4 & 
5.3 respectively as shown in Table 1. Shells had the least 
aflatoxin B1 concentration of 0.02ppb. 

Aflatoxin B1 concentration of the feeds at the 
production point was determined using HPLC method 
and calculations were done using Equation 1.0. Aflatoxin 
B1 concentration for the two batches were close with an 
average of 3.63ppb as shown in Table 2. 

Aflatoxin B1 concentration of the feeds at the retail 
point was determined using HPLC method and 
calculations were done using Equation 1.0. Aflatoxin B1 
concentration  for  the  two  batches  were  close  with an  
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Table 1. Aflatoxin B1 analysis results for raw materials used in feeds‟ production.  

 

Parameters analyzed Cotton cake Sunflower 
cake 

Shells Maize bran Fish Broken 
maize 

Max limit, std 

Aflatoxins B1,ppb  6.44 7.26 0.02 0.50 3.33 0.49 20.00 

 
 
Table 2. Average results of analysis at production point, retail point and at the farm.  

 

Parameters analyzed Production point Retail point Farm Maximum limit, std 

Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2  

AflatoxinsB1,ppb 3.64 3.65 3.78 3.83 4.17 4.49 20.00 

 
 
 
average of 3.74ppb as shown in Table 2. 

Aflatoxin B1 concentration of the feeds at the farm was 
determined using HPLC method and calculations were 
done using equation 1.0. Aflatoxin B1 concentration for 
the two batches were close to each other with an 
average of 4.1ppb though slightly different from results 
at the retail and production points as shown in Table 2. 
Aflatoxin B1 concentration increased across the value 
chain with feeds at the farm having the highest 
concentration of 4.1ppb and feeds at the production 
point having the least aflatoxin B1 concentration of 
3.63ppb as shown in the Table 2.  Aflatoxin B1 
contamination, though below the international standard 
maximum tolerance limit of 20ppb (Nemati et al., 2014), 
it increased across the value chain with the feeds from 
the farm registering the highest concentration of 4.11ppb 
(Table 2). An increase in aflatoxin B1 concentration 
across the value chain is attributed to poor 
transportation, storage and handling procedures 
especially at the farm that expose the feeds to moist 
conditions which provide conducive environment for 
mycotoxins.  

Taking into account the development in Codex 
alimentarius, recently EC has introduced the maximum 
accepted/residue levels for aflatoxin in animal feeds as 
0.02 mg/kg, i.e., 20 ppb in all feed materials and in the 
most complete and complementary feedstuffs for cattle, 
sheep, goats, pigs and poultry, while it is 0.005 mg/kg in 
complete feeding stuffs for dairy animals and 0.01 mg/kg 
for complete feeding stuffs for calves and lambs 
(Kotinagu et al., 2015). Though there are methods to 
decontaminate aflatoxin B1 contaminated feeds 
(Shcherbakova et al., 2015), few feeds manufacturers 
know about them and others are not able to pay the costs 
involved thus preventing contamination would be the best 
option. The Ugandan Standard does not specify the 
maximum limit though there is a set international limit 
meant to be met if the feeds and/or poultry & poultry 
products are to be exported. The expected contributory 
raw materials to aflatoxin B1 in the feeds is fish, 
sunflower cake and cotton seed cake that had the highest 
aflatoxin B1concentration.The high aflatoxin B1 level in 

fish is attributed to longer storage time of the fish with the 
farmers‟ mentality that the longer it stays before use, the 
better the quality.  

These findings are in agreement with earlier reports 
where aflatoxins were widely distributed in the raw 
materials as well as the feeds. In the study by Kotinagu, 
Mohanamba and Kumari (Kotinagu et al., 2015), aflatoxin 
B1 was found in the livestock feeds as well as the raw 
materials though maize had the highest concentration of 
62ppb contrary to this study where sunflower cake had 
the highest aflatoxtin B1 concentration of 7.26ppb. The 
difference is attributed to different environments, different 
raw materials handling, and storage procedures.  

Several analytical methods were available for analysis 
but only fully validated method that gave consistent and 
reliable results was used. This was ensured through 
pretesting and updating the method validation data.  
All the equipment used in analysis were verified and 
several control samples and control standards ran to 
ensure that accurate and reliable results are obtained. 
Furthermore, in determination of aflatoxin B1, HPLC 
method was preferred to other available methods 
because it gives more accurate results than any other 
method (Kotinagu et al., 2015). The rest of the optional 
methods like Enzyme Linked Immuno-Sorbent Assay 
(ELISA), the Indirect Comparative-ELISA among others 
are readily available, and accurate though not as 
accurate as HPLC method (Tufa et al., 2015). Such 
methods are preferred in mobile labs or in the field where 
sample preparations are less tedious, performs quick 
analysis and where qualitative results can do (Rossi et 
al., 2012). 
 
 
LIMITATIONS OF THE STUDY 
 
The following limitations were met during the study: 
Some of the companies involved in the study were not 
cooperative thus, selection had to be done and only 
cooperative and interested companies in the study were 
considered. And in this case, Mutima feeds (U) Ltd 
served as a case study due to its outstanding interest in  



 
 
 
 
the study.  

Only two batches were considered for the study due to 
insufficient financial resources required in the activities 
involved. However, four or more studies would be better 
and would give more data and more concrete and reliable 
information. 

Not all feeds production companies were visited and 
considered for the study due to insufficient financial 
resources. However, a number of them were visited and 
a general study done that, along with results of analysis 
could assure a reliable conclusion on the industry.  
Some of the reagents used in analysis could not be 
obtained locally thus, they had to be imported which 
delayed analysis and obtaining of results.   
 
 
Conclusions  
 
Aflatoxin B1 contamination happens successively along 
the value chain but it is below the required maximum 
limit.  
 
 
Recommendations to Policy Makers 
 

Public private partnerships and other financial support 
institutions should be established to support feeds 
manufacturers to apply advanced technology in 
production of good quality feeds. Relevant institutions 
responsible for standards formulations like Uganda 
National Bureau of Standards (UNBS) should develop 
ingredients‟ standards and establish limits for the missing 
parameters for providing a guideline in production.  

Relevant policies independent of general livestock 
policies that address prevailing poultry industry issues 
should be developed rather than dependency on 
livestock policies. In addition, the government should 
ensure that such policies are developed and 
implemented based on research especially in poultry 
industry.  Budget allocations to the Ministry of Agriculture, 
Animal Industry and Fisheries and other relevant institu-
tions should be increased to cater for the surveillance 
teams that would monitor the quality of the feeds. 
 
 
Further Research 
 
A baseline for further research has been set in this study 
thus: Further research specifically on the contaminants 
including heavy metals could be carried out since such 
contaminants can also compromise the quality of the 
feeds.  
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