
r

EFFECT OF CALCIUM AND SODIUM BENTONITE CLAYS FROM THE

ALBERTINE GRABEN REGION OF UGANDA ON PERFORMANCE OF BROILER

AND LAYER CHICKENS FED AFLATOXIN-CONTAMINATED DIETS

BY

NVIIRI GEOFREY

REG. NO: 2013/HD02/1952U

STUDENT NO: 201000326

November, 2021

A THESIS SUBMITTED TO THE DIRECTORATE OF RESEARCH AND GRADUATE 
TRAINING IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE 

AWARD OF THE DEGREE OF MASTER OF SCIENCE IN ANIMAL SCIENCE OF 
MAKERERE UNIVERSITY



DECLARATION

1 Dale 

NVIIRI GEOFREY

i

1 declare that this thesis is my work and all external sources of materials used in its development 

have been duly acknowledged. I hereby declare that the work presented in this thesis has not 

been submitted to any other institution anywhere for the award of any academic degree, diploma 

or certificate.

■

n T
Signature 57:?



I

APPROVAL BY ACADEMIC SUPERVISORS

This thesis is recommended for submission with our approval as supervisors.

\i *■

Signature Date 

Associate Prof. Fred Kabi

Signature.. Date

Prof. Archileo Kaaya

ii

lUQ-

School of Food Technology. Nutrition, and Bioengineering

College of Agricultural and Environmental Sciences
Makerere University

Department of Agricultural Production

School of Agricultural Sciences

College of Agricultural and Environmental Sciences
Makerere University

A

f 7



DEDICATION

To my Mother Nandawula Ruth who encouraged me to upgrade in this carrier.

iii



T

ACKNOWLEDGMENTS

I fully express my heartfelt gratitude towards my dear family members.

May the Almighty bless you all, Amen

iv

My gratefulness goes to the administrative staff of the Bentonite aflatoxin CGS project team, 
colleagues Abas Kigozi, Muhammad Kiggundu, Henry Magala, and staff of Ngetta ZARDI for 
their valuable ideas, guidance, encouragement, and support that has made this study worthwhile. 
Special thanks to laboratory technicians from Makerere University, Central Diagnostic 
Laboratory, Animal Nutrition laboratory of NaLIRRI, and Ebenezer Clinical Laboratory for the 
tireless support given towards the analysis of samples. In addition, I thank all the research 
assistants who tirelessly assisted me in looking after the chickens.

Glory be to the almighty Allah who has given me life, strength, and persistence to move this far 
and see the results of this study.

I would sincerely wish to express my appreciation towards my Supervisors, Associate Professor 
Fred Kabi, Professor Archileo Kaaya, and Dr. Swidiq Mugerwa, for the unlimited guidance and 
constructive criticism given to ensure that this study is completed. I am also delighted and duly 
acknowledge the contributions from Dr. Sadhart Walusimbi and Dr. Connie Kyarisiima fortheir 
guidance all through the period of the study.

My appreciation goes to National Agricultural Research Organization (NARO) for sponsoring 
this work through the Bentonite CGS Project, National Livestock Resources Research Institute. I 
duly acknowledge NaLIRRI and Makerere University Agricultural Research Institute Kabanyolo 
(MUARIK.) for hosting the experiments.



TABLE OF CONTENTS

iii
iv
v

ixLIST OF TABLES

LIST OF ABBREVIATIONS x
xiABSTRACT

1CHAPTER ONE

1Introduction1.0
1Background1.1

3Statement of the problem1.2

4Justification of the study1.3

4Significance of the study1.4

5Overall Objective1.5

Specific objectives 51.6

6
6

2.1 6

Occurrence of aflatoxins in livestock feeds2.2 7

Perseverance of aflatoxicosis2.3 8

2.4 Effects of aflatoxins on human health 8

2.5 Biochemical properties and aflatoxin metabolism 9

Aflatoxin prevalence in poultry feeds2.6 10

Effects of aflatoxicosis on poultry performance2.7 10

V

.ix 
ix

.i
ii

DECLARATION....................................................
APPROVAL BY ACADEMIC SUPERVISORS
DEDICATION........................................................
ACKNOWLEGDEMENTS..................................
TABLE OF CONTENTS.....................................

LIST OF FIGURES
APPENDICES.......

CHAPTER TWO..............................
Literature review.............................
Occurrence of mycotoxins in foods



Effets of aflatoxins on chicken Physiology 102.7.1

Effects of aflatoxicosis on feed intake, energy and amino acid utilization 112.7.2

Effects of aflatoxicosis on humoral immunity and organ health 112.7.3

Effect of aflatoxicosis on layer production and eggshell characteristics .122.7.4

12Aflatoxin decontamination approaches2.8

14Aflatoxin decontamination using binders2.9

15Practical methods of aflatoxin decontamination2.10

16The knowledge gap2.11

17CHAPTER THREE

Introduction 183.1

Materials and methods3.2 19

Study site3.2.1 19

3.2.2 Feed ingredients and aflatoxin binders 19

3.2.3 Aflatoxin production protocol 19

3.2.4 Aflatoxin determination using fluorometry 20

3.2.5 Experimental diets and design 21

3.2.6 Management of the experimental birds 22

3.2.7 Determination of antibody titres 22

3.2.8 Blood sample collection 23

3.2.9 Tissue residual aflatoxin 24

3.2.10 Data collection on broiler performence 24

3.2.11 Data analysis 24

3.3 Results 25

vi

17
17

Effect of calcium and sodium bentonite clays from the Albertine region of Uganda as 
aflatoxin binders on broilers fed contaminated diets........................................................... .
ABSTRACT.............................................................................................................................



25Feed intake3.3.1

253.3.2 Weight gain

26Feed conversion ratio3.3.3

273.3.4 Protein efficeincy ratio

273.3.5. Newcastle and infectious bursal disease antibody titres

333.3.6. Mortality and aflatoxin accumulation in broiler tissues

363.3.7. Relative organ weights

41Effect of aflatoxin binder inclusion on daily weight gain3.4.2

Effect of aflatoxin binder inclusion on feed conversion ratio 433.4.3

3.4.4 Effect of aflatoxin binder inclusion on protein efficiency ratio 44

3.4.5 Newcastle and Infectious Bursal Disease antibody titres 45

3.4.7 Relative organ weights 46

3.4.8 Aflatoxin carry-over in tissues 48

CHAPTER FOUR 50

STUDY II 50

50

ABSTRACT 50

4.1 Introduction 51

4.2 Materials and methods 52

4.2.1 Study site 52

4.2.2 Aflatoxin production protocol 52

4.2.3 Aflatoxin determination using fluorometry 53

4.2.4 Source and decription of feed ingredients 54

vii

3.4
3.4.1

Discussion
Feed intake

39
39

Effect of calcium and sodium bentoites clays from the Albertine region of Uganda as 

aflatoxin binders on layers chickens fed contaminated diets............................................



nmental diet and design 54

55lagement of experimental birds

ta collection 56

57ata analysis

58iesults

58Layer productive performance and egg shell characteristics

63Discussion

63Hen day egg production and feed utilization

64Egg weight and egg mass per bird2

Effect on egg shell percentage 65.3

Conclusion 665

5
5.1

68
68
68

CHAPTER FIVE
General discussion, conclusions and recommendations
General discussion



ible 3.1:

ible 3.2:

6

30

31

gure 3.3:

86

87

ppendix 3:

87

ix

gure 3.4:

gure 3.5:
gure 4.1:
gure 4.2:

ible 3.3: 

ible 4.1:

32
35
38
61
62

LIST OF FIGURES
Relationship between binder inclusion levels and feed utilization in broilers  

Relationship between binder inclusion level and feed conversion ratio in grower and 
finisher broilers  

Relationship between binder inclusion level and geometric antibody mean titers of 

Newcastle and infectious bursal diseases  
Relationship between binder inclusion levels and residual aflatoxins in the liver  
Effect of aflatoxin binder inclusion levels on relative liver weights  
Relationship between aflatoxin binder inclusion level and performance of layers.... 

Relationship between binder inclusion levels and layer performance
APPENDICES

gure 3.1 ■ 

gure 3.2:

ppendix 1: Hulled ground nuts before and after incubation for 7 days  

ppendix 2: Percentage Composition of key elements in calcium and sodium bentonites  

Determined nutrient composition of ingredients used in experimental diet 
formulation 

LIST OF TABLESEffect of aflatoxin binder inclusion level on growth, feed utilization and antibody 

titers of broilers in the grower and finisher phases  

Effect of aflatoxin binder inclusion levels on mortality and aflatoxin carry-over in 

organ tissues  

Effect of aflatoxin binder inclusion levels on relative organ weights in broilers  

Effect of aflatoxin binder inclusion on the productive performance and eggshell 
characteristics in layers



LIST OF ABBREVIATIONS

CaB

CAST

CWG

CDMI

DMI

DNA

RNA

CGMT

FAO

FCR

Feed IntakeFI

Gross Domestic ProductGDP

Gastrointestinal TractGIT

HASCAS

HDEP

HI

HPLC

1ARC

IBD
1LRI

MUARIK

NaB

NCD Newcastle Disease

NGMT Newcastle Disease Geometric Mean titer

NDP

NPA

NRC

PBS
PDA

PER
TB

x

AF
AOAC
AFBj

AFMi

BWG

Hydrated Sodium Calcium Aluminosilicates

Hen Day Egg Production

Haemagglutination Inhibition

High Performance Liquid Chromatography 

International Agency for Research on Cancer 

Infectious Bursal Disease (Gumboro) 
International Livestock Research Institute

Makerere University Agricultural Research Institute Kabanyolo

Sodium Bentonite

Aflatoxins
Association of Official Analytical Chemists

Aflatoxin Bi

Aflatoxin Mi

Body Weight Gain

Calcium Bentonite

Council for Agricultural Science and Technology

Cumulative Weight Gain

Cumulative Dry Matter Intake

Dry Matter Intake

Deoxyribonucleic Acid

Ribonucleic Acid

Cumulative Geometric Mean Titre 

Food and Agricultural Organization 

Feed Conversion Ratio

National Development Plan 

National Planning Authority 

National Research Council 

Phosphate Buffer Solution 

Potato-dextrose Agar 

Protein Efficiency Ratio 
Toxiban



ABSTRACT

xi

Aflatoxins are secondary metabolites of the species belonging to the genus aspergillus which are highly hepatocellular 
carcinogenic and are of great concern in the grain and feed industry. The most promising approach to detoxifying 
aflatoxin-contaminated feed is the use of high-affinity non-nutritive adsorbents like bentonite clays. This study was 
therefore conducted to assess the performance of broilers and layers fed aflatoxin-contaminated diets as influenced by 
the addition of bentonite clays from the Albertine Graben region of Uganda. Two experiments were conducted. In 
experiment 1, balanced diets for broiler growers and finishers were each laced with aflatoxins to levels of 250 ppb 
during weeks 3-4 and 5-7, respectively. Three aflatoxin binders including a commercial toxin binder (TB) as a control, 
and two Albertine bentonite clays (Calcium bentonite (CaB) and sodium bentonite (NaB)) were each separately added 
at graded levels of 0.0, 0.25, 0.5, 1.0, and 2.0% w/w to the contaminated diets. The treatments were then randomly 
assigned to a group of birds as experimental units in a completely randomized experimental design replicated 3 times (n 
= 20 birds per group replicate). The broilers were evaluated during weeks 3-7 after which they were slaughtered for 
relative organ weights, residual aflatoxins, and blood antibody titer determination. In experiment 2, assessment of layer 
performance as influenced by the level of binder inclusion to aflatoxin-contaminated diets was conducted during weeks 
20-31. An experimental design similar to that of the broilers was used but with (n=15 birds per group replicate). 
Largely, voluntary dry matter intake increased quadratically (p<0.05) with increasing binder inclusion levels except for 
TB and NaB in the broiler grower phase which showed a linear trend (p<0.05). Broiler daily weight gain (BWG) 
increased quadratically (p<0.05) with inclusion levels in grower and finisher. However, increase due to TB and CaB 
inclusion followed a linear trend (p<0.05) in the growers. Cumulative feed conversion ratio (FCR) decreased with 
increasing binder levels. Consequently, optimum cumulative FCR of 1.862, 1.864, and 1.877 g of feed/g of BWG was 
obtained at 1.35, 1.70, and 1.5% inclusion levels of TB, CaB, and NaB, respectively. The infectious bursal disease 
antibody titer increased to optimum values of 2761, 2559, and 2532 corresponding to 1.33, 1.53, and 1.46% inclusion 
levels of TB, CaB, and NaB, respectively. The antibody titers of Newcastle disease increased to optima of 7.62, 6.89, 
and 6.91 corresponding to 1.37, 1.48, and 1.48% inclusion levels of TB, CaB, and NaB, respectively. While the 
decrease in broiler mortality tended towards linearity (p=0.07) due to increasing CaB inclusion levels, a quadratic 
decrease (p<0.05) was observed with both TB and NaB. The relative weight of liver decreased quadratically (p<0.05) 
while that of the kidney decreased linearly (p<0.01). However, the relative weight of the bursa of Fabricius increased 
linearly (p<0.001) with binder inclusions. Aflatoxin carry-over in the liver tissues generally decreased quadratically 
(p<0.05) with the binder inclusions while that of the kidney tissues decreased linearly (p<0.05). Whereas a quadratic 
increase (p<0.05) in hen day egg production was obtained with increasing levels of TB, CaB and NaB inclusion resulted 
into a linear increase (p<0.01). Consequently, FCR decreased for clay binders decreased linearly (p<0.05) except for the 
commercial binder which resulted in a quadratic response (p<0.05). As a result, optimum FCR of 3.99, 4.03, and 4.12 
were obtained at inclusion levels of 1.30, 1.83, and 1.76% of TB, CaB, and NaB, respectively. Although commercial 
binder outperformed the Albertine bentonite clays, performance of layers and broilers improves with the addition of 
bentonite clays due to aflatoxin decontamination. This implies that, optimum performance can be obtained at 1.5 and 
1.7% inclusion levels of NaB and CaB, respectively in the aflatoxin-contaminated broiler diets. For the case of layer 
chickens, however, optimum performance can be obtained at 1.76 and 1.83% inclusion levels of NaB and CaB, 
respectively.



CHAPTER ONE

Introduction1.0

Background1.1

1

In Uganda, commercial poultry production has a substantial contribution to the livelihoods of 

many people especially the low-income smallholder farmers (UBOS, 2014). This is attributed to 

the fact that poultry production has relatively lower startup capital as compared to other livestock 

enterprises (Zimbe, 2012). However, the poultry industry is heavily dependent on commercial 

feeds which are highly contaminated with mycotoxins beyond the recommended maximum of 

20 ppb (Kaaya & Warren, 2005). This implies that, as Uganda seeks to improve the contribution 

of livestock to the gross domestic product (NDP III, 2020), mycotoxin decontamination will play 

a principal role.

Defined as secondary toxic fungal metabolites, mycotoxins are the greatest feed safety concerns 

in tropical regions (Wu et al., 2011). They are also the most potent natural carcinogens linked to 

severe illnesses and increase in the risk of liver cancer in humans as well as performance 

decline in commercial poultry (Verma et al., 2003; Wang & Tang, 2004). Nonetheless, several 

agricultural products used for poultry feed formulation are highly susceptible to mycotoxin 

contamination under humid conditions (Kamika & Takoy, 2011). As a result, these toxins are 

more prevalent in tropical areas where humid environmental conditions favor fungal growth 

and mycotoxin production (D’mello, 2003; Klich, 2007). For that reason, many countries and 

multilateral agencies have established regulations to protect humans and poultry from 

consuming such contaminated products (Kamika & Takoy, 2011). On the contrary, Uganda has 

no regulations on poultry feed safety, leaving farmers with the burden of battling the mycotoxin- 
associated production constraints.

Africa accounts for more than 33% of the world’s nutrition insecurity and toxin-related deaths 

(Wiseman, 2006; Schmidhuber & Tublello, 2007). Like all African developing countries, 

Uganda still faces challenges of nutrition insecurity in humans and poultry feed toxicity due to 

utilization of toxin-contaminated agricultural products (Schmidhuber & Tublello, 2007). Since 

the utilization of such products is associated with chronic human and poultry health defects as 

well as reduced performance, feed decontamination is considered a key prerequisite for 

improving commercial poultry productivity (Wu et al., 2011).
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On the other hand, there is no practically effective means of decontaminating feeds through 

destroying aflatoxins without compromising their nutritional quality (Teleb et al., 2004). This 

implies that, utilization of chemically inert aflatoxin sequestering agents like bentonite clays 

and activated carbon needs to be prioritized. However, the choice of any binder is greatly 

dependent on its availability and the economic feasibility of its utilization.

Among the substances investigated as potential aflatoxin-binding agents, bentonites clays and 

activated charcoal have proved to be the most promising (Diaz et al., 2002). However, the cost­

effectiveness of activated charcoal has been so variable (Huwig et al. 2001) while different 

bentonite clays have yielded consistently promising results (Dersjant-Li et al., 2007). 

Recognized for forming stable complexes with aflatoxins, bentonites clays have strong affinities 

for aflatoxin sequestration in the gastrointestinal tract (GIT) (Upadhaya et al., 2010). Such 

sequestration is achieved through bentonite clay hydration in which the polar water molecules 

weaken the interaction between the closely packed bentonite layers for aflatoxin molecule 

intercalation (Deng et al., 2010; McClure, 2014; Kang et al., 2016). Consequently, the resultant 
complex can be eliminated in the fecal materials hence preventing aflatoxin absorption into the 

bloodstream (Bintvihok, 2006; Prulovic et al., 2008; Russell et al., 2014). Therefore among the

Among the numerous mycotoxins, aflatoxins (AF) are the most predominant toxins hence 

largely contributing to the pool of toxins in the poultry feeds (CAST, 2003; Osuret et al., 2016). 

These toxins are produced by Aspergillus flavus and Aspergillus parasiticus which are the 
common contaminants in cereal grains, oilseeds, nuts, and animal-based feed formulation 

ingredients (Banerjee, 2010; Osuret et al., 2016). Since these are the key feed formulation 

ingredients, the risks of aflatoxin toxicity are high in intensive poultry production systems. 

However, defined as clinical defects associated with aflatoxin ingestion, aflatoxicosis is 

associated with increased susceptibility to microbial stress, reduction in immune function, feed 

utilization, egg-laying percentage, and organ health in poultry (Dersjant-Li et al., 2007; 

Banerjee, 2010). Since most of the poultry feeds in Uganda are heavily contaminated with 

aflatoxins (Kaaya & Warren, 2005), a grave threat to commercial poultry production resulting 

from reduced vaccine efficacy, organ health and feed conversion efficiency is inevitable 

(Banerjee, 2010; Mugerwa et al., 2013).



Statement of the problem1.2

3

several aflatoxin decontamination approaches, bentonite clay utilization is envisaged to offer the 

most reliable responses.

On the other hand, commercial aflatoxin decontaminants are not readily accessible which 

culminates into both technological and logistical challenges. Nonetheless, Phillips et al. (2008) 

and Hesham et al. (2004) studied the utilization of dissimilar bentonites in broilers and 

recommended contradictory inclusion levels of 0.5% and 1.0%, respectively. In addition, 

bentonites are very specific in toxin adsorption, yet they also exhibit great diversities in nature 

(Mangnoli et al., 2011; Ravindra et al., 2017). This implies that, any attempts to improve poultry 

performance through bentonite clay-based aflatoxin-decontamination yield inconsistent results 

for different bentonite clay deposits. Such inconsistencies are attributed to the highly variable 

location-specific physiochemical properties among the bentonites clays hence the need for 

location-specific optimum inclusion level determination (Ravindra et al., 2017).

Furthermore, comparable studies on other bentonites clays have been conducted, while none has 

been done particularly on the Albertine bentonite clays. Besides, these studies also do not 

highlight responses of broiler and layer chickens with respect to aflatoxin carry-over, relative 

organ health, blood antibody titers alongside egg production indices. In addition, no studies have 

compared the performance of commercially available aflatoxin binders with the Albertine 

bentonite clays. Therefore, due to the inconsistent and insufficient information regarding the 

optimum bentonite clay inclusion levels in poultry feeds coupled with a dearth of information on 

the Albertine bentonites clays as aflatoxin binders (Mugerwa et al., 2013), a study to assess the 

effect of adding these clays and commercial binders as aflatoxin decontaminants was necessary.

Most of the poultry feeds in Uganda are highly contaminated with aflatoxins (65-1000 ppb) far 

beyond the acceptable limits of 20 ppb. Due to the dependence on such feeds, commercial 

poultry in Uganda is highly susceptible to aflatoxicosis, which is reflected in the reduced growth 

and health performance (Mugerwa et al., 2013; Iqbal et al., 2014). As a result, severe losses due 

to poor poultry productive performance and health defects are common due to the consumption 

of aflatoxin-contaminated feeds (Huwig et al., 2001; Phillips et al., 2002).
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1.3

1.4 Significance of the study

4

Justification of the study

The consumption of aflatoxin-contaminated feeds poses vast aflatoxicosis-related production 

deficits as well as contamination of poultry products (Verma et al., 2004). The resultant 

aflatoxicosis, which is associated with compromised feed conversion efficiency, reduced 

vaccine efficacy, and histological organ deterioration, becomes a key production challenge 

(Dersjant-Li et al., 2007; Banerjee, 2010). Such challenges not only increase the cost of 

production but also the risk of losing birds due to highly infectious diseases like Newcastle and 

infectious bursal disease, which are known to cause up to 100% chicken mortality (Verma et al., 

2004; Mugerwa et al., 2013). For that reason, poultry productivity cannot be improved without 

embracing aflatoxin-decontamination technologies from the feeds.

Whereas research has shown that aflatoxin decontamination improves commercial poultry 

performance (Verma et al., 2004), the spectrum of decontamination techniques is limited to 

chemically inert bentonite clay binders and activated carbon. However, the costs involved in the 

production of activated carbon are prohibitive which results in its scarcity while bentonite clays 

are readily available as waste in oil extraction (Mugerwa et al., 2013). Fortunately, Uganda is 

endowed with huge deposits of bentonite clays in the Albertine graben region. Elsewhere, these 

bentonite clays have been reported to have aflatoxin sequestration abilities but with noticeable 
variations due to physiochemical diversity (Hesham et al., 2004; Phillips et al., 2008; Ravindra 

et al., 2018). In addition, there is also a scarcity of literature regarding the optimum inclusion 

levels of the different Albertine bentonite clays as well as their comparative performance with 

respect to the commercial binders in poultry feeds. Consequently, despite the availability of 

such bentonite clays, farmers still make huge aflatoxicosis-induced losses due to poor feed 

utilization, reduced vaccine potency, and hence high mortalities. Therefore, the use of the 

Albertine bentonite clays as aflatoxin-binders would be a more sustainable decontamination 

method of averting aflatoxicosis to offset the heavy poultry production losses and the 

carcinogenic consequences of consuming contaminated poultry products.

Results from this study will contribute to increased commercial poultry productivity due to 

improved feed conversion efficiency, vaccine efficacy, and reduced mortality. Such 

improvements shall arise from increased utilization of the local bentonite clays as aflatoxin



Overall Objective1.5

1.6 Specific objectives

1.

2.

3.

1.7 Hypotheses

1.

2.

3.

5

To determine the optimum inclusion levels of the Albertine graben bentonite clays (calcium 

bentonite and sodium bentonite) as aflatoxin binders in commercial poultry diets.

To compare the aflatoxin carry-over as a measure of the binding potential of the Albertine 

bentonites clays with that of the existing commercial binder.

To evaluate relative organ weights and aflatoxin carry-over in the liver, kidney, gizzard, 

and muscles as influenced by addition of graded levels of Albertine graben bentonite clays.

Feed conversion efficiency in poultry is not affected by addition of calcium and sodium 
bentonite clays to aflatoxin-contaminated diets.

There is no difference in the aflatoxin carry-over reduction due to calcium and sodium 

bentonites clays inclusion and the commercial aflatoxin binder inclusion.

Trends in relative organ weight and tissue aflatoxin carry-over in the liver, kidney, gizzard, 

and muscles are not influenced by addition of graded levels of calcium and sodium bentonite 
clays to aflatoxin-contaminated broiler diets.

decontaminating agents instead of the dependence on the expensive and inaccessible commercial 

aflatoxin binders. The increased use of Uganda bentonite clays will in addition have a substantial 

contribution towards feed utilization hence improved productive performance among 

commercial poultry farmers. Furthermore, the use of bentonites will reduce the risk of 

consumption of aflatoxin-contaminated poultry products which have been reported to be the 

major causes of liver cancer and malnutrition-related illnesses in humans. Information on the 

optimum inclusion level of the respective bentonites in commercial poultry diets was not well 

established. Therefore, establishing the optimum inclusion level of bentonites in commercial 

poultry diets will help farmers to make informed decisions on the feed additives to use as 

aflatoxin binders.

The overall objective of this study was to assess the performance of broilers and layers fed 

aflatoxin-contaminated diets as influenced by the addition of graded levels of calcium and 

sodium bentonite clays from the Albertine graben region of Uganda.
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CHAPTER TWO

Literature review

2.1 Occurrence of mycotoxins in foods

6

Recognized for their toxicity, mycotoxins have been reported to be more serious in tropical 
humid regions where climatic conditions favor the growth of Aspergillus species (Hell, 2000; 
Kaaya and Warren, 2005). Such humid conditions, poor postharvest handling, and poor storage 
facilities make poultry feeds highly susceptible to fungal contamination (Hell, 2000). 
Consequently, most poultry feeds in Uganda are found to be highly contaminated with 
aflatoxins ranging between 65 and 1000 ppb (Kaaya & Warren, 2005). However, such 
contamination levels are far beyond the limit of 20 ppb beyond which feeds become unsafe for 
consumption (Shi et al., 2009).

Defined as secondary toxic metabolites of Aspergillus mycotoxins can be produced on a variety 
of products from plant and animal origin containing more than 95% water activity (Milicevic 
et al., 2010; Yunus et al., 2011). This term mycotoxin comes from the Greek word ‘mykes’ 
meaning mold, and ‘toxicum’ meaning poison that causes a clinical condition referred to as 
mycotoxicosis (Viljoen, 2003; Kamika, 2013). Besides, mycotoxins are also reported to be 
harmful to both humans and animals when absorbed either through ingestion, inhalation, or 
dermal absorption (CAST, 2003). However, it was later discovered that ingestion through 
contaminated foods is the main source of exposure to both humans and livestock (Milicevic et 
al., 2010). This implies that, besides the direct consumption of contaminated products, humans 
can also get intox icated during livestock feed preparation (CAST, 2003).

Among the many mycotoxins discovered, aflatoxins are the most toxic and highly carcinogenic 
metabolites of Aspergillus species (CAST, 2003). Moreover, these toxins which also naturally 
occur in combination are identified as class one human hepatocellular carcinogens (IARC, 
1993). In addition, aflatoxins Bi can also be metabolized in animal tissues to aflatoxin Mi from 
bio-activation pathways and excreted in milk (Alekseyev et al., 2004) hence propagating the 
effects to infants and higher in the food chain.



2.2 Occurrence of aflatoxins in livestock feeds
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Aflatoxins were first isolated and characterized from Aspergillus species in poorly stored grains 
(Klich, 2007). They were later identified to be associated with the killing of young turkeys in 
England and ducklings in Kenya as well as Uganda (Klich, 2007; Meleki et al., 2013). 
Therefore, these outbreaks gave way to a multitude of discoveries in determining the different 
types of aflatoxins alongside the associated clinical signs (Meleki et al., 2013). In addition, 
these toxins were discovered to be hepatotoxic with their susceptibility being dependent on 
species, age, nutritional status, and duration of exposure (Richard, 2007).

Currently, aflatoxins are known to be mainly produced by Aspergillus flavus, Aspergillus 
parasiticus, Aspergillus nomius which use livestock feeds as substrates (Do and Choi, 2007). 
Whereas 20 aflatoxins have been identified, only four (Bi, B2, Gl, and G2) have been widely 
studied due to their magnitudes of toxicity (Hussein & Brasel, 2001). Among the four, 
aflatoxin Bi is the most common and dangerous to both humans and livestock (Kamika and 
Takoy, 2011). However, aflatoxins naturally exist in combinations implying that focus has to be 
put on their synergistic effects rather than the individual effects (Lewis et al., 2005).

Aflatoxins Bi, B2, Gi, and G2 are widely studied due to their high prevalence in food products 
and toxic effects (Wangikar et al., 2005; Yunus et al., 2011). Identified to be metabolites of 
aflatoxin Bi and B2, respectively, aflatoxins Mi and M2 occur in both milk and eggs of species 
fed aflatoxin-contaminated diets (Lewis et al., 2005). Besides the active aflatoxins, significant 
quantities of conjugated aflatoxins have also been reported to exist in feeds as well (Berthiller et 
al., 2005). Such conjugated aflatoxins can cause unexpected toxicity when they are hydrolyzed to 
the precursor toxins in the gastro intestinal tract (GIT) (Berthiller et al., 2005). Furthermore, as 
part of plant metabolism, some aflatoxins can be transformed into conjugated forms presenting 
additional forms of toxicity (Freire et al., 2018). For instance, zearalenone-4-beta-d- 
glucopyranoside, zearalenone and deoxynivalenol glucosides which are precursors can be 
metabolized to the respective active toxins in the GIT (Gareis et al., 1990; Schneweis et al., 
2002). Unfortunately, these precursors cannot be detected during routine analysis yet they can 
hydrolyze during digestion contributing to the toxin pool in the GIT (Gareiset et al., 1990).



Perseverance of aflatoxicosis2.3

2.4 Effects of aflatoxins on human health

S

Recognized as a risk factor for cancer (CAST, 2003), aflatoxicosis is characterized by adverse 

immunological and nutritional effects (Williams et al., 2004). Among the aflatoxins, AFBi and 

mixtures of AFGi, and AFMi have been reported to be the major causes of chronic aflatoxicosis 

and human carcinogens (IARC, 1993). Besides the carcinogenic effects, ingestion of foods 

contaminated with relatively lower aflatoxin levels over a long period has been reported to cause 

jaundice, liver cancer, chronic hepatitis (Azziz et al. 2005), infertility, and impaired nutrient 
utilization in infants (Walker et al., 2013).

More than ten thousand million metric tons of grains are lost annually due to aflatoxin 

contamination (Bhat et al., 2010). In addition, more than four billion individuals in developing 

countries get chronically exposed to aflatoxicosis every year due to contaminated food 

consumption (Williams et al., 2004). Such chronic exposure is largely attributed to heavy 

dependence on subsistence farming, unregulated local markets, and the lack of policy 

regulations on food and feed safety (Shepherd, 2008). Consequently, the large aflatoxicosis 

outbreaks like those in Kenya and Togo claimed many lives (Lewis et al. 2005) while survivors 

suffered from jaundice, leg edema, and hepatomegaly as well as malnutrition-related symptoms 

(Gong et al., 2002; Muture, 2005). In fact, these outbreaks are traced to be originating from 

homegrown maize by subsistence farmers who have poor storage facilities (Lewis et al., 2005). 

Typically, in this crisis 55% of maize products had contamination levels greater than 20 ppb, 

35% had levels exceeding 100 ppb, and 7% beyond 1000 ppb (Lewis et al., 2005). Similarly, 

related cases were reported in India and China (Brera et al. 2008) which cases were all 

established after detecting the clinical signs of acute aflatoxicosis (Williams et al., 2004).

On the other hand, the ingestion of highly contaminated feeds results in acute hepatic failure, 

hemorrhages, digestion alterations, mental changes, and coma (Williams et al., 2004). Besides 

direct chronic aflatoxicosis, aflatoxins have also been reported to complement hepatitis B in the 

causation of liver cancer (Turner & Sylla, 2005). Ultimately, the lack of policy regulations in 

developing countries of Southeast Asia and sub-Saharan Africa accounts for the high incidences 

of aflatoxicosis (Lewis et al., 2005). Such incidences, therefore, account for the fact that 

hepatocellular carcinoma is the fifth leading cause of cancer mortality in the world (Faromby,
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2006). Therefore, this fact justifies the correlation between the high levels of aflatoxins 

contamination in maize with a high incidence of human hepatocellular carcinomas.

Given suitable conditions of 80-85% relative humidity and temperature of 28-35°C up to 20 

types of aflatoxins can be produced on a variety of feed substrates. However, among these 

naturally occurring toxins, aflatoxin Bj, B2, Gj, and G2 have been reported to be the most potent 

with aflatoxin Bi (AFBi) posing the highest degree of carcinogenicity (Romoser et al., 2013). 

Aflatoxins are characterized by high melting points of 260°C and a thermal degradation 

temperature of 269°C (Maye, 1999). This implies that aflatoxins exhibit high thermostability 

although they can be decomposed by strong oxidizing agents.

Aflatoxin metabolism plays the biggest role in determining the degree of toxicity in animal cells 

especially in the liver (Romoser et al., 2013). The liver is considered the principal target organ 

for aflatoxins basing on the first pass effect (Denli et al., 2004). Since AFBi is the most 

biochemically reactive, most research is focused on its metabolic pathways which justify its 

carcinogenic properties (Romoser et al., 2013). When aflatoxins are absorbed by the liver, they 

undergo biotransformation where AFBi is metabolized through activation by cytochrome P450 

enzymes to form the intermediate adduct AFB1-8, 9-epoxide. Characterized by its low stability, 

this adduct is responsible for the covalent modification of DNA, preferentially at the N7 position 

of guanine bases there by affecting the complimentary base pairing mechanisms (Yunus et al., 

2013). Besides DNA modification, AFB1-8, 9-epoxide undergoes base-catalyzed reactions to 

form a more stable AFBI-8, 9-dihydrodiol which is reported to be the most mutagenic 

metabolite (Alekseyev et al., 2004). In addition, Kellerman et al. (1988) reported that AFBi can 

also be bio-activated to a highly active and labile intermediate AFBI 2, 3-epoxide, which reacts 
with various nucleophiles in the cell besides binding with DNA, RNA, and proteins. 

Furthermore, according to Yunus et al. (2013), AFBi can also be converted to hydroxylated 

metabolites (via mono-oxygenases) which are then metabolized to glucuronide and sulfate 

conjugate in the endoplasmic reticulum. Consequently, aflatoxicosis results in mutagenesis, 

carcinogenesis, and teratogenesis due to the alkylation of nuclear DNA by highly electrophilic 

adducts. In addition, chronic aflatoxicosis culminates into reduced protein synthesis, production 

of essential metabolic enzymes and structural proteins for growth (Yang et al., 2000), and 

immunosuppression hence poor poultry performance (Devaraj et al., 2008).
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Due to the heavy aflatoxin contamination of feed ingredients, commercial poultry is highly 
susceptible to chronic and acute aflatoxicosis (Yildiz et al., 2004; Richard, 2007; Osuret et al., 
2016). Whereas acute is associated with the consumption of highly contaminated feeds (Muture, 
2005), prolonged consumption of feeds with relatively low aflatoxin contamination levels is 
associated with chronic aflatoxicosis (Tedesco et al., 2004). As a consequence, chronic 
aflatoxicosis is associated with poor feed utilization and increased susceptibility to microbial 
stress which is reflected in performance declines (Shi et al., 2009; Bhat et al., 2010). 
Furthermore, chronic aflatoxicosis has been reported to be the primary cause of teratogenicity, 
carcinogenicity, and mutagenicity as well as growth inhibitory effects in poultry (Oguz et al.,

Aflatoxin prevalence in poultry feeds

Aflatoxins are produced on a wide range of food commodities especially cereals and oil-seeds 
which are the key ingredients in livestock feed formulation (He, 2013). Identified as the third 
most consumed cereal worldwide (Weismann, 2006), maize is most likely to be contaminated 
with aflatoxins at higher levels than any other feed ingredients (Atehnkeng et al., 2016). 
Consequently, most of the maize-based poultry feeds in Uganda are highly contaminated with 
aflatoxins beyond recommended levels of 20 ppb (Kaaya & Warren, 2005).
The key predisposing factor to poultry feed contamination is poor post-harvest handling maize 
which leads to high contamination levels by Aspergillus Flavus (Bhat et al., 2010). Such 
practices lead to high levels and prevalence of aflatoxin contamination in maize (Lillehoj, 
2009). In addition, poultry feeds are stored at a relative humidity between 80% - 90% which is 
within the optimum range for fungal development (Lillehoj, 2009). Such conditions render the 
stored feeds more susceptible to fungal attack within the normal feed storage time (Hell, 2000). 
Whereas fungal contamination depends on postharvest handling, fungal development and 
aflatoxin production are dependent on storage time (Lillehoj, 2009). This implies that, as traders 
tend to hold maize back waiting for better market prices after harvest, high aflatoxin 
contamination is inevitable. Consequently, in an attempt to mitigate the aflatoxicosis-induced 
production declines, the Food and Drug Administration legislations set up an action level of 20 
ppb as the maximum residue limit allowed in poultry feeds (Otsuki et al., 2001).
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Besides hindering nutrient utilization, aflatoxicosis results in a reduction in antibody titers of 
Newcastle and Infectious Bursal disease as well as regression of the bursa of Fabricius (Oguz et 
al., 2003). This implies that, through regression of the bursa of Fabricius, aflatoxins interact with 
the T-cells to affect cell-mediated immunity in poultry to suppress vaccine efficacy (Oguz et al., 
2003). In addition, a reversal in chemo-static inhibition of phagocytic abilities of leucocytes as 
well as heterophils has been reported to be associated with aflatoxicosis (Radhika, 2006). 
Therefore, the synergistic effect of both antibody synthesis and phagocytotic suppression 
contributes to the increased response to environmental stress in poultry.

While feed intake and utilization are key determinants of poultry performance, aflatoxicosis has 
been reported to reduce feed acceptability, utilization, and enzyme efficiency (Verma et al., 
2003; Van Rensburg et al., 2006). In addition, aflatoxins interfere with calcium uptake and 
organic nutrient utilization in poultry (Hamdi et al., 2015) while excess calcium impedes phytase 
enzyme activity due to insoluble complex formation with phytate phosphorous (Angel et al., 
2002). Furthermore, chronic aflatoxicosis decreases amino acid and energy utilization due to 
declines in cell metabolic efficiency (Li et al., 2002). Since the interaction between sulfur- 
containing amino acids and synthesis of aflatoxin Bi-epoxide (Bhattacharya et al., 1989) deter 
protein utilization and hence weight gain, it’s worth investing in available local options for 
sustainable aflatoxin decontamination for improved feed utilization.

Relative organ weight is a key indicator of organ health, whereas chronic aflatoxicosis has been 
reported to increase relative liver and kidney weights it results in the regression of the Bursa of 
Fabricius (Girish et al., 2006; Lehman et al., 2008; Kumar et al., 2009). In fact, the liver and 
kidney are considered to be the target organs for aflatoxicosis in all the affected species 
(Ortatatli et al., 2001). As a consequence, the accumulation of nitrogenous wastes and aflatoxin 
metabolites results in histopathological changes as well as inflammatory thickening of the uterine 
mucosa in the tissues (Girish et al., 2006). This implies that the reduced efficiency in nitrogenous

2000; Celik & Sur, 2012). These defects, therefore, result in biochemical, hematological, and 
immunological alterations in the chronically affected poultry (Ortatatli & Oguz, 2001; 
Basmacioglu et al., 2005).
2.7.2 Effects of aflatoxicosis on feed intake, energy and amino acid utilization

2.7.3 Effects of aflatoxicosis on humoral immunity and organ health



2.8 Aflatoxin decontamination approaches

12

waster excretion which results from liver and kidney damage greatly accounts for aflatoxicosis- 
related stress in poultry.

Defined as the fastest bio-ceramic calcifying process among biological systems (Hincke et al., 
2012), eggshell strength is a key aspect in egg storage and transportation. However, aflatoxicosis 
has been reported to affect eggshell characteristics by interfering with the absorption and 
transportation of calcium and phosphorous (Huff et al., 1975). In addition, aflatoxins have been 
reported to interfere with vitamin D3 metabolism (Verma et al., 2003; Chowdhury & Smith 

2004) hence affecting calcium immobilization for eggshell development. Furthermore, chronic 
aflatoxicosis results in hepatic damage and a reduction in hepatic zinc levels in poultry (Goel et 
al., 2005). Yet, the enzyme-dependent conversion of bone calcium into egg calcium is grossly 
affected by the generation and composition of zinc bicarbonate in the blood circulation (Joose, 
1983). Therefore, in addition to aflatoxin decontamination, calcium supplementation through 
calcium bentonite clay inclusion may not only sequester aflatoxins but also possibly improve 
dietary calcium availability in layers.

Whereas preventing feed contamination offers the best option it is practically impossible to get 
reasonable quantities of aflatoxin-free feeds. This implies that prevention of fungal 
contamination during harvesting and storage (Bintvihok & Kositcharoekul, 2006) as well as 
fungal growth inhibition offer more practical solutions (Huwing et al., 2001). On the contrary, 
most of the poultry farmers in Uganda don’t produce their feed ingredients hence the lack of

2.7.4 Effect of aflatoxicosis on layer production and eggshell characteristics

Poultry layers are bred to convert feed nutrients into egg production rather than body muscles. 
Aflatoxicosis has been reported to reduce egg production without noticeable variations in layer 
weight gains (Osweiler et al., 2010; Cheng et al., 2014). Aflatoxicosis in layers has been reported 
to cause cytoplasmic vacuolation of the hepatocytes through impaired lipid transport and 
synthesis (Tung et al., 1972; Kumal, 2009). Such impairment is accompanied by lipid deposition 
in the liver, and suppressed lipid levels in the blood circulation (Tung et al., 1972). This implies 
that aflatoxicosis induces phospholipid and cholesterol inhibition in the liver which results in 
far-reaching effects on layer performance (Kumal, 2009).
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Similarly, chemical decontamination using acids, salts, oxidizing, and reducing agents which 
require drying and cleaning have equally had setbacks (Huwing et al., 2001). These setbacks are 
associated with the health decline of the animals and many chemical residues in animal systems 
(Kolossova et al., 2009). However, Huwing et al. (2001) suggested that chemicals like calcium 
propionate successfully inhibited mold proliferation without affecting livestock health but with 
significant cost implications. For that reason, toxin decontamination using inorganic and 
chemically inert binders like some bentonites renders the most practical and economic 
approach.

such phytosanitary adherence. This, therefore, leaves feed fortification and decontamination as 
the most practically viable option to control aflatoxicosis.

Besides amino acid fortification, biological approaches on the other hand can be used to absorb 
mycotoxins through enzymatic degradation and modification (Morteza et al., 2013). As a result, 
these characteristics led to the creation of bio-filters for fluid decontamination and probiotics 
which also bind and remove aflatoxins (Morteza et al., 2013). However, such biological 
decontamination works mainly through sorption and enzymatic degradation making it a limited 
approach for biological systems (Yan-ni, 2008). Besides, biological control approaches 
developed for decontamination of aflatoxins in feeds have equally had limited attention and a 
multitude of criticisms as well (Shetty, 2006).

Fortification of poultry rations with synthetic methionine alleviates aflatoxicosis-induced 
growth depression (NRC, 1994). This is attributed to the ability of sulfur-containing amino acids 
to inhibit AFBi mutagenicity and AFBi-epoxide synthesis during biotransformation 
(Bhattacharya et al., 1989). Nevertheless, sulfur amino acids are some of the essential and 
limiting amino acids in poultry diets rendering this approach less cost-effective. Therefore, 
aflatoxin adsorption renders one of the most effective approaches since it reduces their 
bioavailability in the liver (Huwig et al., 2001; Phillips et al., 2008). Consequently, since there is 
a relatively broader spectrum of nonnutritive aflatoxin sequestering feed additives 
decontamination remains an economically viable option.
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Identified as a general toxin adsorptive material with a high surface to mass ratio, activated 

charcoal has been reported to show great potential for aflatoxin decontamination in biological 

systems (Whitlow, 2006). However, the effects of activated charcoal on livestock performance 

have been variable (Huwig et al., 2001) while responses in poultry resulted in lower economic 

viability than clay-based binders (Wu & Khlangwiset, 2010). Such challenges consequently rule 

out the possibility of using activated carbon as long as bentonite clays can technically substitute 

them.

The most cost-effective approach to aflatoxin decontamination known is deactivation using 

aflatoxin binders like activated carbon and bentonite clays (Kolossova et al., 2009; Murugesan et 

al., 2015). However, the chemical structure of both the aflatoxin and the binder determines the 

effectiveness of adsorption and binder-aflatoxin compatibility (Russell et al., 2014). The 

important characteristics of the adsorbent to be taken into consideration, therefore, including its 

physical structure, charge, pore size, and surface area (Kolossova et al. 2009) in addition to the 

inert effect on other livestock physiological processes. Consequently, given such requirements 

activated carbon and hydrated sodium calcium aluminosilicates (bentonites) stand out to be the 

most suitable candidates for aflatoxin decontamination.

Aflatoxin decontamination by clay binders like bentonites on the other hand is associated with 

the hygroscopicity, polarity, and solubility which favor aflatoxin intercalation with the bentonites 

in water (Deng et al., 2010). This implies that, as the bentonite clay gets hydrated in the 

gastrointestinal tract, the polar water molecules weaken the interaction between the closely 
packed bentonite layers by lowering the charge density of the sequestered exchangeable cations 

such as Ca2+, Mg2*, Na+ and K+ (Kang et al., 2016). Therefore, the mechanism of aflatoxin 

absorption is primarily through the exchangeable cations which neutralize the interlayer charges 
in aluminosilicates and are involved in the binding mechanism of aflatoxin Bi (Phillips et al., 

2008; Deng et al., 2010) and Hydrogen bonding (Dasheng et al., 2005; Tenorio et al., 2008). 

Since hydrated sodium calcium aluminosilicates have a high affinity for aflatoxin specifically, 

this character results in the formation of strong aflatoxin-clay complexes hence adsorption (Neef 

et al., 2013). However, the properties of bentonites vary from one geological deposit to another
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The practicability of any aflatoxin decontamination approach depends on its effectiveness and 

the costs associated with its application. However, the application of physical, biological, and 

chemical methods of decontamination separately or in combination provides varying degrees of 

effectiveness (Pluyer et al., 1987). While physical means are less practical, with biological 

methods the degrading microorganisms have limited degradation mechanisms and stability in the 

GIT at different pH levels (Upadhaya et al., 2010). This consequently leaves chemically inert 

bentonite clays as the most suitable adsorbents for aflatoxin sequestration.

Characterized as hydrated sodium calcium aluminosilicates, bentonites effectively bind 
aflatoxins in the GIT hence preventing their absorption into the bloodstream (Prvulovic et al., 

2008). Moreover, Hesham et al. (2004) and Shi et al. (2009) reported an improvement in body 

weight gain and feed conversion ratio of broilers fed on diets fortified with bentonites. 

Consequently, this effectiveness of bentonites is attributed to the expanding clay lattice, 

interstitial water, exchangeable cations hence the aflatoxin binding ability (Kang et al., 2016). In 

addition, bentonites have been also reported to be efficient against a broad spectrum of 

mycotoxins making them more suitable for the most frequent cases of multi-contaminated feeds 

(Oguz et al., 2000). Using bentonite clays hence targets binding the aflatoxins and prevent them

hence the need to test the efficiency of each batch of bentonites clays as aflatoxin detoxifiers 

(Magnoli et al., 2008).

Defined as a smectite clay mineral generated from the crystallization of volcanic ash, bentonite 

clays adopt a sheet-like structure where double layers of tetrahedral sandwich an octahedral layer 

to make up individual sheets. They adopt negative charges which are derived from the 

replacement of Al3+ with divalent Ca2+ or Mg2+ ions. Then the sheets are interconnected by the 

exchangeable Na+ and Ca2+ whose predominance differentiates calcium bentonite from sodium 

bentonite (Ravindra et al., 2017). Due to its absorptive and colloidal effects, bentonite is used as 

a filler in pharmaceuticals and oil purification as well as additives in livestock feeds. However, 

their utilization in livestock feeds is limited by the fact that their physiochemical properties 

which are its aflatoxin sequestration signature are highly variable hence the need for localized 

performance evaluations.

2.10. Practical methods of aflatoxin decontamination
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from being absorbed from the animal’s digestive tract, and then excrete them through the fecal 
matter (Bintvihok, 2002; Deng et al., 2010)

Characterized by the ability to form stable complexes with aflatoxins at temperatures between 
25 °C and 37 °C, bentonites clays are capable of adsorbing aflatoxins under the condition in the 
GIT (Magnoli et al., 2008). As a result, certain bentonite at 0.5% inclusion levels was able to 
reduce aflatoxin bioavailability in broilers (Phillips et al., 2008; Hesham et al., 2004). However, 
bentonite clays from several sources have been reported to improve pellet stability (Huwing et 
al., 2001) and poultry performance through aflatoxin decontamination but with varying degrees 
of effectiveness (Magnoli et al., 2008). This implies that the different bentonite deposits in the 
Albertine Graben region of Uganda can provide a potential solution to feed AF decontamination 
(Mugerwa et al., 2013). However, the variation in properties among bentonites warrants 
assessing the performance.

The high affinity for aflatoxins by the bentonites justifies their utilization given the high levels of 
aflatoxin contamination in the poultry feeds (Kaaya and Warren 2005). However, the aflatoxin 
decontamination potential among bentonite clays is highly dependent on the geographical 
location and nature of the bentonite clay parent materials (Magnoli et al., 2011). Consequently, 
there is inconsistent and insufficient information about the inclusion levels of the different 
bentonite clay in poultry diets (Mugerwa et al., 2013). In addition, none of the previous studies 
has compared commercial aflatoxin binders with other bentonite clays as well as establishing the 
optimum inclusion levels of Albertine bentonite clays. Yet, beyond certain optima, bentonite 
clays are hypothesized to hinder nutrient utilization alongside the negative effects of excess 
calcium for the case of calcium bentonite. Furthermore, due to the transfer of aflatoxins and their 
metabolites to poultry edible products and their effect on human health, efforts have been made 
to set contamination limits of 20 ppb. Therefore, studies towards the exploitation of this resource 
are necessary since Uganda is endowed with huge bentonite deposits in the Albertine region 
(Mugerwa et al., 2013).
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Effect of calcium and sodium bentonite clays from the Albertine graben region of 
Uganda as aflatoxin binders on broiler chickens fed contaminated diets

This study was conducted to determine the optimum inclusion levels of Albertine bentonite clays, their 

effects on relative organ weights as well as aflatoxin carry-over in the liver, kidney, gizzard, and muscles 

of broilers fed aflatoxin-contaminated diets. Balanced diets for broiler growers and finishers were each laced 

with aflatoxins to levels of 250 ppb during weeks 3-4 and 5-7, respectively. Three aflatoxin binders 

including a commercial toxin binder (TB), and two Albertine bentonite clays (Calcium bentonite (CaB) and 

sodium bentonite (NaB) were each separately added at graded levels of 0.0, 0.25, 0.5, 1.0, and 2.0% w/w to 

the contaminated diets. The birds were then subjected to the treatments in a completely randomized 

experimental design replicated 3 times (n = 20 birds per replicate group) for 5 weeks, after which the broilers 

were slaughtered for tissue evaluation at the end of week 7. Largely, voluntary dry matter intake increased 

quadratically (p<0.05) with increasing binder inclusion levels except for TB and NaB in the broiler grower 

phase which increased linearly (p<0.05). Daily weight gain (BWG) increased quadratically (p<0.05) with 

inclusion levels in both phases except for TB and CaB which followed a linear trend (p<0.05) in the growers. 

Cumulative feed conversion ratio (FCR) decreased with increasing binder inclusion levels. Consequently, 

optimum FCR was recorded at 1.862, 1.864, and 1.877 g of feed/g of BWG at 1.35, 1.70, and 1.5% inclusion 

levels of TB, CaB, and NaB, respectively. The infectious bursal disease antibody titer increased to optimum 

values of 2761, 2559, and 2532 corresponding to 1.33, 1.53, and 1.46% inclusion levels of TB, CaB, and 

NaB respectively. The antibody titers of Newcastle disease increased to optimum titer values of 7.62, 6.89, 
and 6.91 corresponding to 1.37, 1.48, and 1.48% inclusion levels of TB, CaB, and NaB, respectively. While 

the decrease in broiler mortality tended towards linearity (p=0.07) due to increasing CaB inclusion levels, a 

quadratic decrease (p<0.05) was observed with both TB and NaB. The relative liver and kidney weights 

decreased quadratically (p<0.05) and linearly (p<0.01), respectively. However, that of the bursa of Fabricius 

increased linearly (p<0.001) with binder inclusion. Aflatoxin carry-over in the liver tissues generally 

decreased quadratically (p<0.05) with binder inclusion while that of the kidney tissues decreased linearly 

(p<0.05). Although the commercial binder outperformed the Albertine bentonites, relative organ health and 

tissue aflatoxin carry-over in broilers improves with the addition of the bentonite clays due to aflatoxin 

decontamination. This implies that these bentonite clays can be included at 1.5 and 1.7% inclusion levels of 

NaB and CaB, respectively in the broiler diets for optimum performance.
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bentonite
vaccines.

Recognized for their high aflatoxin binding affinity, bentonites have the potential to 
decontaminate broiler feeds through forming bentonite-aflatoxin complexes which can be 
eliminated in the fecal material (Deng et al., 2010). It was therefore hypothesized that aflatoxin 
binder type and inclusion levels could affect feed intake, body weight gain, feed utilization 
efficiency, and protein utilization by broiler birds. While Dale & Wyatt (1995) have suggested 
bentonite inclusion rates of 0.3% - 0-5% for poultry feeds, others have reported inclusion rates of 
0.4% - 0.6 % in broiler diets to be protective against aflatoxicosis through toxin binding 
(Prvulovic et al., 2008; Mugerwa et al., 2013).

Most of the poultry feeds in Uganda are heavily contaminated with aflatoxins beyond acceptable 
levels of 20 ppb (Kaaya & Warren, 2005). Due to heavy dependence on such contaminated 
feeds, broiler production is greatly challenged by aflatoxicosis. Moreover, aflatoxicosis is 
associated with low feed utilization efficiency, reduced vaccine efficacy, increased microbial 
stress, and mortality in poultry (Girish & Devegowda 2006; Magnoli et al., 2010). Furthermore, 
aflatoxins have been reported to have effects on metabolism by decreasing activities of several 
enzymes that catalyze the hydrolysis of starch, proteins, lipids, and nucleic acids (Mahmood et 
al., 2017). Therefore, it is postulated that the associated reduced feed utilization and vaccine 
efficacy can be mitigated through aflatoxin decontamination of broiler feeds (Sadeghi et al., 
2012).

However, Watts et al. (1986) found that calcium-based bentonite clays have different 
hygroscopicity characteristics from those of sodium-based bentonite clays. In addition, different 
bentonites have been reported to have different naturally adsorbed ions, which determine their 
adsorption characteristics (Watts et al., 1986; Bailey et al. 2006). This implies that the different 
bentonite deposits have different properties and aflatoxin decontamination potentials (Mugerwa 
et al., 2013). This variation in properties thus warrants specifying the aflatoxin binding ability of 
the different types of bentonites in the Albertine region of Uganda. Consequently, the objective 
of this study was to assess the effects of fortifying poultry feeds with different types and levels of 

on broiler productivity and efficacy of Newcastle and Infectious Bursal Disease
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Before experimentation, feed ingredients used in the formulation of experimental diets were 

sourced from local input stockiest. The ingredients used included broken maize meal, maize 

bran, soybean meal, fishmeal, lake shells, di-calcium phosphate, methionine, lysine, broiler 

premix, and table salt (NaCl). Bentonite clay, a waste produced during drilling operations by oil 

prospective companies in the Albertine Graben region of Uganda was used. The experimental 

clay was sourced from Knights Mining Company and was characterized as calcium and sodium 

bentonite, respectively, by a laboratory in the Department of Geological Survey and Mines in the 

Ministry of Energy and Mineral Development. A commercial aflatoxin binder branded Toxiban 

from Novus International outlet in Uganda was used in the experimentation. A protocol to 

produce aflatoxins by fermentation of rice sterilized by autoclaving and inoculation with 

Aspergilus flavus before incubation at 28°C in the school of food technology, nutrition, and 

bioengineering at Makerere University was used.

3.2.1 Study site
This study was conducted between March and May 2016 at Makerere University Agricultural 

Research Institute, Kabanyolo (MUARIK), which is located 20 km North of Kampala but 

within the fertile lake Victoria crescent (0° 28' N, 32° 27' E, altitude 1204 m a.s.l). The area 

is characterized by a tropical climate with average maximum temperatures of 28.5 °C and 

average minimum temperatures of 14.5°C.

Aflatoxins were produced by incubation of rice inoculated with Aspergillus spores. The spores 

were produced by removing the testa and hulling the groundnut grains followed by soaking in 

water for 30 minutes. The resultant moist ground nuts were then incubated at 28°C for seven days 

to produce mixed strains of green spores. After seven days, a Potato-Dextrose-Agar (PDA) was 
prepared by mixing potato extract, agar, and dextrose.

The potato extract was prepared by slicing 250 g of potato into 3.0 mm slices and cooked for 30 

minutes in an open vessel. The potato extract was then collected by filtering the resultant 

medium through a muslin cloth before 20 g of dextrose was added. Simultaneously, the molten
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3.2.4 Aflatoxin determination using fluorometry
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Total aflatoxins in the feed samples were determined using the Association of Official Analytical 

Chemists method. The maximum weight of 1.0 kg samples of each feed sample was collected 
from each feedlot immediately after mixing the ingredients. The moisture content of each sample 
on a dry basis was determined immediately using a moisture analyzer.

agar was prepared by boiling 20 g of agar in 500 ml of distilled water for 30 minutes in a 

separate glass beaker. Finally, the PDA was prepared by mixing the resultant molten agar with 

the potato dextrose mixture and the volume made up to 1.0 liter using distilled water. The pH of 

the resultant PDA medium was then adjusted to 7.0 and autoclaved at 121°C before plating in the 

lamina flow hood. After the PDA had cooled to room temperature, Aspergillus spores were 

identified and carefully picked from the incubated ground nuts under a light microscope at low 

and high magnification (4x, 10x, 20x and 40x) using a sterile spatula and inoculated onto the 

PDA slant plates. The resultant inoculated PDA slant plates were then incubated at 28°C for 10 

days to produce the spore mass which was later used to inoculate a rice medium.
After 10 days, a rice medium was prepared by soaking rice at a rate of 1 g of rice for 0.5 g of 

distilled water for 120 minutes, drained off excess water autoclaved at 121°C for 30 minutes. 

After cooling to room temperature, the rice medium was inoculated with the Aspergillus spores 

produced from the PDA medium. The spores on the PDA medium were scraped loose with a 

sterile loop, sterile water added before the slants were shaken to give uniform spore suspensions. 

Finally, 0.5 ml of the spore suspension was used to inoculate 50 g of the autoclaved rice medium 

before incubation for another 10 days to produce pure cultures of green conidia of Aspergillus.

After ten days, the cultures which had a heavy crop of green conidia were scraped loose with a 

sterile loop and agitated with sterile distilled water to give a uniform suspension of green spores. 

The resultant spore suspension (0.5 ml) was then used to inoculate the autoclaved rice medium in 

each Erlenmeyer flasks before incubation.

After inoculation, the subsequent incubations were carried out in 2,000 ml Erlenmeyer flasks 

containing 400 g of inoculated rice at 28°C for 21 days. At the end of the incubation (21 days), 

the flasks were briefly steamed to destroy the fungus and the resultant pale yellow medium was 

dried at 105°C. The oven-dry medium was then standardized using Vicam Aflatest procedure 

(950 ppb) before it was used to contaminate the respective experimental diets.
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3.2.5 Experimental diets and design
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Diets were formulated to meet the nutritional requirements of broilers in their different 

physiological status as starters for feeding broilers between 1-14 days (3190.4 kcal/kg ME, 23% 

CP), growers for feeding broilers between 15-28 days (3188.2 kcal/kg ME, 20% CP), and 

finisher for feeding broilers between 29-49 days (3187.3 kcal/kg ME, 18% CP) according to the 

National Research Council (NRC, 1994). All the chicks (1-14 days) were subjected to a uniform 

broiler starter diet for the first two weeks. Thereafter, the broiler growers’ and finisher diets for 
feeding the experimental birds in weeks 3-4 and 5-7, respectively were formulated and analyzed 

for aflatoxin contamination. The standardized diets were then laced with aflatoxins to levels of 

250 ppb using the aflatoxins from the incubated rice medium. For each of the contaminated diets, 

each of the 3 aflatoxin binders including a commercial toxin binder (TB), Calcium bentonite 

(CaB), and sodium bentonite (NaB) were separately added at graded levels of 0.0, 0.25, 0.5, 1.0, 

and 2.0% w/w. A total of 900 birds were then allocated to experimental units (n = 20 per 
replicate group), at 5 levels for each of the 3 binders replicated 3 times. Finally, each of the diets 

for the respective stages of broiler growth was randomly assigned to experimental groups in a 
completely randomized experimental design.

A ground feed sample aliquot of 25 g was weighed out together with 5 g of sodium chloride 

and placed in a blender jar. 125 ml of methanol: water in the ratio of 70:30 was added to the jar 

and the sample was blended at a high speed for 2 minutes. The blended sample was filtered 

through a filter paper into a clean beaker. After filtering, 15.0 ml of the resultant filtrate was 

diluted with 30 ml distilled water. The diluted extract was then filtered through a micro-fiber 

filter into to an affinity Afla-Test column to collect 15 ml of the filtered extract in a syringe. 

The extract was then passed through an affinity column at the rate of 2 drops per second with the 

aid of a pressure pump. Then, 10 ml of distilled water was passed through the Afla-Test affinity 

column at the rate of about 2 drops per second until air came through the column. The affinity 

column was eluted by passing 2 ml of HPLC grade methanol through the column at the rate of 2 

drops per second while collecting the entire sample elute in a glass cuvette. Afla-Test 

developer was added to the eluant, thereafter it was mixed well and the aflatoxin concentration 

(ppb) was determined in the sample after 60 seconds by using a calibrated fluorometer.



3.2.7 Determination of antibody titers
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!,6 Management of the experimental birds

total of 950-day old chicks (Cobb-500) weighing 46.5±1.71 g which had been sourced from 
“ga-chick Poultry Breeders were delivered and introduced to the brooding facility at MUARIK. 
—fter brooding for two weeks, 900 out of the 950 chicks were sexed, weighed, and randomly 
"located to each of the dietary treatments. Birds in each replicate were then housed in a deep 

ter system where plywood was used to separate the floor space. The experimental unit 
()inprised of 20 broilers in a pen whose length, breadth, and height were 2m x 2m x 2.5m, 
spectively. The experimental birds were subjected to routine management practices including a 

_4-hour lighting Programme using fluorescent tubes (Phillips 240V/36W). The experimental 
girds were also provided with drinking water ad-libitum at a rate of 20 birds per drinker, while 
_ie feeds were provided in (100 cm x 15 cm xJ5 cm) linear feeders that provided a feeding space 
<f 5 cm per bird. The experimental birds were also vaccinated by the ocular route against 
Newcastle disease on day 21 using the freeze-dried live lentogenic Newcastle disease virus, 
.asota strain. On day 14, the experimental birds were also vaccinated against Infectious Bursal 
disease (IBD) through the ocular route using freeze-dried live IBD virus, Virgo 7 intermediate­
lot strain as recommended by Uga-chic Poultry Breeders. The litter was constantly raked and its 
tonditions consistently monitored to ensure friability, while the broilers were observed for any 
unusual behavior.

Phe Haemagglutination Inhibition (HI) test was used to determine the antibody titers against 
Newcastle disease which was carried following the procedure described by Kapczynski & King 
(2005). The procedure involved the preparation of an antigen by inoculating embryonated eggs 
with a sample of Newcastle Disease virus and harvesting the allantoic fluid four days later. The 
standard amount of Newcastle Disease virus used in the HI test was 4HA units. A test suspension 
af Newcastle disease virus-containing 4HA units in order was prepared by titrating the stored 
suspension of virus that was used as the antigen in the HI test, this was followed by calculating 
the HA titer. The dilution factor required to produce 4 HA units was calculated by dividing the 
HA titer by 4. The original suspension of antigen was diluted in phosphate-buffered solution 
(PBS) to produce an adequate volume of 4HA antigen to carry out the HI test using the dilution 
factor. 25pl of PBS was dispensed into each well of the microwell plate. Serum samples were



3.2.8 Blood sample collection
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fo determine the infectious bursal disease antibody titers, serum was collected at the end of 
weeks three, four, five, six, and seven. The antibody titers against the infectious bursal disease 
were determined using the ELISA technique commercial test kits (Maryland 20879, USA). The 
plates were read at 405 on the ELISA reader (IDEXX Lab., CA, USA).

 multi-channel pipette was used to carry out two-fold serial dilutions along the row until the 
scond last well from the end, the last well was the serum control and was not diluted. This was 
allowed by adding 25pl of 4HI Ag in each of the wells except column 12. Samples were then 
tiaken in an orbital shaker for 30 minutes after which 50pl of 0.5% chicken red blood cells was 
-dded to each of the wells and mixed using an orbital shaker. The plate was then left to stand for 
-5 minutes at room temperature while covered. Settling patterns for each serum sample were 
-ead followed by the control serum well and lastly, the rest of the wells and the pattern observed 
n each well was recorded on a micro-well plate recording sheet and the endpoint was 

determined.

naken and 25 pl dispensed into the first well and the last (control) well of a row of a micro-well 
■ate.

Two birds (male: female 1:1) were randomly selected from each replicate every week 
throughout the experimental period for a blood sample collection from day 21 to 49 for 
estimation of antibody tires against NCD and IBD. Blood samples (3ml) were collected from 
the wing vein of selected birds using sterile syringes and needles. The serum was separated 
from respective clotted blood samples by centrifugation at 3000 rpm for 10 minutes. After 
centrifugation, the blood was decanted into serum vials and frozen at -20°C until 
Haemagglutination Inhibition (HI) test was performed at the College of Veterinary Medicine 
and Biosecurity. The HI titers were determined in all sampled broilers, and the geometric mean 
titers of each group were calculated. The birds selected on a given day were used for the 
collection of blood samples for that date and were not returned to the experiment in any case. 
Sample collection was done before vaccination on a given day.
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3.2.11 Data analysis
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Polynomial contrasts were used to test for linear and quadratic effects of the inclusion of graded 

levels of each aflatoxin binder. Study parameters were considered significantly different at P <

At the end of week seven, two birds per replicate in each treatment were randomly selected and 

slaughtered. Weights of liver, kidney gizzard, and bursa of Fabricius were recorded and 

adjusted to 1.0 kg live weight to obtain the relative organ weights using the following formula: 

{Organ weight -r Body weight) x 1000. To estimate residual aflatoxins, samples of organ 

tissues and muscles from the 2 birds per replicate were stored at -20’C till the analysis was done. 

During the analysis, aflatoxins in the tissues were extracted using immune affinity columns and 

estimated by HPLC fluorescent detector method. During aflatoxin extraction, 25 g of defrosted 

tissue samples were homogenized and blended with 5.0 g of NaCl in 100 ml of water: methanol 

(80:20) mixture for 3 minutes. The resultant suspension was then filtered and an aliquot of 10 

ml of the filtrate was diluted with phosphate-buffered saline solution (PBS) and passed through 

an immune-affinity column. Aflatoxins were eluted with 1.0 ml methanol in a glass vial and 

dried under a nitrogen stream. Then pre-column derivation was performed with tri-fluroacetic 

acid and 20pl of the extract was injected into the HPLC system with a recovery rate of 89 % and 

0.025pg / ml limit of detection.

3.2.10 Data collection on broiler performance
To monitor weekly body weight gains, birds were weighed just before allocating them to each of 

the experimental pens using a digital weighing scale (R.S232, WT-X series, 0.1g accuracy. Max. 

Range 30 kg). Afterward, birds were weighed weekly, usually on the same day of the week in the 

morning before feeding. Daily feed intake for the group replicates was estimated by deducting 

the dry weight of feed refusals from the total dry weight of feed offered to each of the treatment 

groups each day. Daily feed intake per bird per day was then calculated by dividing the total dry 

matter weight by the number of birds per group replicate. Feed conversion ratio (FCR) among 

treatments was calculated by dividing weekly feed intake by body weight gains. Protein 
efficiency ratio (PER) was calculated as weight gain divided by protein intake. Mortality of birds 
was recorded as it occurred.

3.2.9 Tissue residual aflatoxin



Results3.3

Feed intake3.3.1

3.3.2 Daily weight gain
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Effect of inclusion levels of the commercial binder (TB) and Albertine bentonite clay ((calcium 

bentonite (CaB) and sodium bentonite (NaB)) on voluntary dry matter intake (DMI), weight 

gain, feed conversion ratio, protein efficiency ratio, and antibody titers of Newcastle and 

infectious bursal disease in broilers are presented in Table 3.1. During the grower phase, DMI 

linearly increased (p<0.05) with increasing commercial binder (TB) and sodium bentonite (NaB) 

inclusion levels. For the case of calcium bentonite (CaB) however, DMI only tended (p=0.061) to 

follow a quadratic trend. In the finisher phase, the increase in DMI followed a quadratic trend 

(p<0.05) for both TB and CaB while an increase at a decreasing rate (p<0.05) was obtained as a 

result of NaB inclusion. As a consequence, the highest DMI of feeds fortified with the Albertine 

bentonites clays were observed at 2.0% and 1.0% inclusion levels of NaB and CaB, respectively, 

while that of the commercial binder was observed at 1.0%. However, using the regression 

equations of the response curves in Fig.3.1, cumulative DMI increased with aflatoxin-binder 
inclusion at decreasing rate to optimum values of 4.64, 4.89, and 4.52 kg/bird for TB, CaB and 

NaB, respectively. The optimum cumulative DMI levels were obtained at percentage binder 

inclusions of 1.32, 1.43, and 1.75% levels ofTB, CaB and NaB, respectively.

In the grower phase, the commercial binder (TB) and CaB inclusion resulted in a linear increase 

(p<0.05) in daily weight (g/day) whereas that of NaB increased at a decreasing rate (p<0.05). As a 
result, highest body weight gain (56.4 g/day) of the TB was observed at 2.0% inclusion level 

while for CaB and NaB highest gain of 51.9 g/day and 47.9 g/day, respectively were both 

observed at a 1.0% inclusion level. In addition, using the regression equations of the response 

curves (Fig. 3.1), body weight gain increased at a decreasing rate (p<0.05) with increasing binder 

level to optimum values of 53.3, 49.0, and 49.4g/bird/day for TB, CaB and NaB, respectively.

0.05. Second-order polynomial regressions were also fitted to cumulative feed intake, body 

weight gains, feed conversion ratios, and antibody titers data to establish treatment responses. 

Furthermore, regressions equations were differentiated to determine the point of inflection on 

each response curve.
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The optimum weight gains were obtained at percentage binder inclusion levels of 1.39, 1.61, and 

1.32% levels of TB, CaB, and NaB, respectively.

During the grower phase (Table 3.1), the feed conversion ratio (FCR) decreased at a decreasing 

rate (p<0.05) with increasing CaB and NaB inclusion whereas there was no significant (p>0.05) 

response due to TB inclusion. As a result, the FCR decreased to optimum values of 1.86 and 1.73 

g of feed/ g BWG due to inclusion of NaB and CaB at respective inclusion levels of 1.0 and 

2.0%. For the case of the commercial binder, however, least feed conversion ratio response (1.6 

g of feed/g of BWG) was observed at 0.25% inclusion level. Precisely, using the regression 

equations of the response curves (Fig. 3.1), FCR generally decreased with increasing binder 
inclusion to optimum values of 1.62, 1.75, and 1.77g of feed/ g BWG for TB, CaB and NaB, 

respectively. Specifically, the optimum FCR were obtained at percentage binder inclusion levels 

of 1.5, 1.37, and 1.45% levels of TB, CaB, and NaB, respectively. Whereas the FCR response 

observed due to NaB inclusion was more than those of TB and CaB, the FCR responses due to 

TB and CaB inclusion were similar (p>0.05) at 1.0 and 2.0% inclusion levels (Fig. 3.2).

During the finisher phase (Table 3.1), the feed conversion ratio (FCR) decreased at a decreasing 

rate (p<0.05) with commercial binder (TB) inclusion while that of calcium bentonite (CaB) 

followed a linear trend (p<0.05). However, there was no observable trend (p>0.05) response in 

FCR as a consequence of NaB inclusion. Consequently, for TB and NaB the lowest FCR 

obtained at 2.0% inclusion levels were similar but lower than that of CaB (Fig. 3.2). Precisely, 

using the regression equations of the response curves (Fig. 3.1), FCR decreased with increasing

In the finisher phase, for both the commercial binder (TB) and calcium bentonite (CaB), body 

weight gain of broilers increased quadratically (p<0.05) while that of NaB increased at a 

decreasing rate (p<0.05). Consequently, the highest body weight gain due to TB (72.7 g/bird/day) 

and CaB (71.0 g/bird/day) inclusion was obtained at 2.0% while that of NaB (66.9 g/bird/day) 

was observed at 1.0%. Furthermore, using regression equations of the response curves (Fig. 3.1), 

BWG was observed to increase at decreasing rates with optimum values of 73.2, 71.5, and 67.7 

g/bird/day for TB, CaB and NaB, respectively. The optimum weight gains were obtained at 

percentage binder inclusion levels of 1.56, 1.55, and 1.43 % levels of TB, CaB, and NaB, 

respectively.

3.3.3 Feed conversion ratio



3.3.4 Protein efficiency ratio

3.3.5. Newcastle and infectious bursal disease antibody titers
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During the grower phase (Table. 3.1), Newcastle disease (NCD) antibody titers increased linearly 

(p<0.05) with the increase in commercial binder (TB) and calcium bentonite (CaB) inclusion 

levels while that of the sodium bentonite (NaB) increased at a decreasing rate (p<0.05). However, 

the highest NCD antibody titers were observed at 1.0% inclusion of TB and CaB while that of 

NaB was observed at 2.0%. Whereas there were no significant observable trends (p>0.05) in 

infectious bursal disease (IBD) antibody titer due TB and CaB inclusion, NaB inclusion resulted 

in a linear increase (p<0.05) in IBD antibody titers. However, the highest IBD antibody titers 

were observed at 2.0% inclusion levels of all the binders.

In the finisher phase, NCD antibody titers increased at decreasing rates (p<0.05) with increasing 

inclusion levels of TB and CaB while that of NaB resulted in a linear increase (p<0.05). 
However, both the commercial binder and Albertine bentonites inclusion resulted in highest 

NCD anti body titers at 1.0% inclusion levels. Using the regression equations of the response 

curves (Fig. 3.3), cumulative NCD antibody titers increased with increasing binder level of 

inclusion to optimum values of 5.62, 4.89, and 4.91 for TB, CaB and NaB, respectively. The 

optimum antibody titer responses correspond to 1.37, 1.48, and 1.48% inclusion levels of TB, 
CaB, and NaB respectively.

binder levels to optima of 1.62 and 1.27g of feed/g BWG for CaB and TB, respectively. The 

optimum feed conversion ratios were obtained at percentage binder inclusion levels of 1.93 and 

2.03% levels of CaB and TB, respectively.

Whereas there was no observable trend in IBD titer response (p>0.05) due to NaB inclusion, the 

antibody titters increased at a decreasing rate (p<0.05) due to TB and CaB inclusion. The highest

During the grower phase (Table. 3.1), the addition of the sodium bentonite (NaB) resulted in a 

linear increase (p<0.05) in protein efficiency ratio (PER) with increasing binder inclusion while 

that of calcium bentonite (CaB) increased at a decreasing rate (p<0.05). As a result, maximum 

PER responses were observed at 2.0% inclusion levels of both CaB and NaB. During the finisher 

phase, PER increased linearly (p<0.05) with inclusion levels of CaB. Highest PER values were 

observed at 1.0% inclusion levels of CaB.
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1BD antibody titers were obtained at 2.0% inclusion levels of both CaB and TB. The cumulative 
IBD antibody titers increased to optimum values of 2161, 2159, and 2132 for TB, CaB and NaB, 
respectively. The optimum values correspond to 1.33, 1.53, and 1.46% inclusion levels of TB, 
CaB, and NaB, respectively (Fig. 3.3).
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SEM: standard error of the mean. DMI; feed intake; BWG: average daily body weight gain; FCR: feed conversion ratio; IBD: infectious bursal 
disease antibody geometric mean titers; NCD: Newcastle disease antibody geometric mean titers; PER: protein efficiency ratio.

Effect of aflatoxin binder inclusion level on growth, feed utilization, and antibody titers of broilers in the grower and finisher 
phases
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Figure 3.3: Relationship between binder inclusion level and geometric antibody mean titers of 
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3.3.6. Mortality and aflatoxin accumulation in broiler tissues

the Albertine bentonite clays.
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In the broiler muscles, aflatoxin accumulation decreased following a linearly (p<0.05) due 

to TB inclusion. However, beyond 0.5% inclusion level of TB, the residual aflatoxins in 

the liver were below the detection limit. For the case of Albertine bentonites, aflatoxin 

accumulation in the muscles decreased at a decreasing rate of NaB (p<0.05) inclusion 

while that of CaB followed a quadratic trend (p<0.05). Subsequently, the lowest aflatoxin 

detectable values were observed at 0.5 for TB and CaB, while that of NaB was obtained at 
0.25% inclusion levels.

The effect of aflatoxin binder inclusion levels on broiler mortality and aflatoxin 

accumulation in the tissues is presented in Table 3.2. Although the response in broiler 

mortality due to CaB inclusion was not significant (p>0.05), it decreased at a decreasing 

rate (p<0.05) with NaB inclusion. For the case of TB inclusion however, the decrease in 

broiler mortality followed a quadratic trend (p<0.05). Accordingly, the lowest broiler 

mortalities were first observed at 1.0% inclusion levels in both the commercial binder and

Among the three aflatoxin binders, aflatoxin accumulation in the liver decreased at a 

decreasing rate (p<0.05) with increasing inclusion levels of TB, NaB and CaB. However, 

the lowest aflatoxin accumulation due to commercial binder at 2.0% was below the 

detection limit while in CaB and NaB, lowest residuals were obtained at 2.0% inclusion 

levels. On the other hand, the lowest residual aflatoxin due to CaB (2.0%) was higher than 

that of NaB and TB at 2.0%. However, the lowest residual aflatoxin levels in the liver 

were due to TB and NaB at 2.0% were similar (Fig. 3.4).

For both the commercial binder and Albertine bentonite clays, aflatoxin accumulation in 

the kidneys decreased linearly (p<0.05). As a result, the lowest aflatoxin accumulation in 
both the commercial binder and test Albertine bentonite clays was obtained at 2.0% 

inclusion levels.



Percentage binder inclusion levels.

QuadraticSEM0.50 1.00 2.000.00 0.25

Commercial binder (TB)

0.0122.578 0.1131.671.67 1.67 0.00Mortality (%) 8.30

<0.001 0.0200.4100.210.39 NDLiver (p/kg) 2.01 1.11

0.1400.569 0.0101.51.8 1.7Kidneys (g/kg) 2.303.81

0.0680.258 0.0070.36 0.26 ND0.89 NDMuscles (g/kg)

Sodium bentonite (NaB)

0.008 0.0390.00 2.2270.006.67 1.67Mortality (%) 8.33

0.0500.13 0.041 0.0010.14Liver (g/kg) 1.61 1.12 0.62

0.510 0.001 0.1401.14 1.05Kidneys (g/kg) 2.16 1.943.13

0.001 0.040 <0.001Muscles (g/kg) 0.56 0.26 NDND ND

Calcium bentonite (CaB)

2.402 0.070 0.092Mortality (%) 3.33 0.00 0.006.67 3.33

Liver (g/kg) 1.62 0.44 0.38 0.301 0.050 0.0030.93 0.53

Kidneys (ju/kg) 0.410 <0.001 0.2033.03 2.15 1.97 1.71 1.10

Muscles (g/kg) 0.69 0.35 0.27 0.103 0.052 0.010ND ND

ND: aflatoxins not detected (below the detection limit); SEM: standard error of mean.

34

Table 3.2: Effect of aflatoxin binder inclusion levels on mortality and aflatoxin carry-over in 
organ tissues

Polynomial contrasts 
Linear



2.5 T“ NaB CaB TB

2

1.5 •

1

I

0.5

N-

0
0 0.5 1.5 2

Mean residual aflatoxin for CaB

I Means with standard error bars

35

Figure 3.4: Relationship between binder inclusion levels and residual aflatoxins in 
the liver tissues
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3.3.7. Relative organ weights
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Among the three aflatoxin binders, relative weights of broiler kidneys decreased linearly 

(p<0.05) with increasing inclusion levels of TB, NaB and CaB. Thus, the least relative 

kidney weights were obtained at 2.0% inclusion levels for both the commercial binder and 

the test Albertine bentonite clays.

Relative weights of gizzards decreased linearly (p<0.05) with increasing inclusion levels 

of the Albertine bentonite clays as well as the commercial binder. As a consequence, the 

least relative gizzard weights were observed at 2.0% commercial binder and CaB while 

that of NaB was observed at 1.0% inclusion level. However, the relative weight of the 

bursa of Fabricius increased linearly (p<0.05) due to inclusion of commercial binder and 

Albertine bentonite clays. Consequently, the highest relative weights of the bursa of 

Fabricius were obtained at 2.0% commercial binder inclusion levels of the commercial 
binder and the Albertine bentonite clays.

The effect of aflatoxin binder inclusion levels on relative organ weights in broilers is 
presented in Table 3.4. In both the commercial binder (TB) and calcium bentonite (CaB) 

relative weight of the liver decreased quadratically (p<0.05) with increasing binder 

inclusion levels while that of NaB decreased at a decreasing rate (p<0.05). Subsequently, 

lowest relative liver weight due to TB inclusion was observed at 1.0% while that of the 

Albertine bentonite clays were observed at 2.0% inclusion levels. However, beyond the 

inclusion level of 0.25% the relative liver weight due to NaB inclusion was significantly 

(p<0.05) higher than that of CaB (Fig 3.5). Generally, the relative liver weights between 

TB and CaB were similar (p>0.05) across all the five inclusion levels (Fig. 3.5).



Table 3.3. Effect of aflatoxin binder inclusion levels on relative organ weights in broilers

Percentage binder inclusion

QuadraticLinearSEM0.50 2.000.00 0.25 1.00

Commercial binder (TB)

0.0010.4202.9029.635.7 26.9 26.8Liver (g/kg) 39.1

0.1200.0021.0210.6 8.8 7.9Kidney (g/kg) 12.9 8.7

0.004 0.0571.3024.0Gizzard (g/kg) 29.1 26.3 25.1 24.5

0.0640.24 <0.001Bursa of Fabricius (g/kg) 2.35 3.12.21 2.22 2.22

Sodium bentonite (NaB)

0.002 0.046Liver (g/kg) 30.8 2.0937.2 35.4 34.5 31.1

0.06Kidney (g/kg) 9.3 0.62 0.00212.4 11.3 9.8 9.4

Gizzard (g/kg) 0.00426.1 25.9 24.4 25.4 1.10 0.05428.3

Bursa of Fabricius (g/kg) 0.02 <0.001 0.5412.23 2.22 2.41 2.49 2.70

Calcium bentonite (CaB)

Liver (g/kg) 36.9 34.2 29.6 27.4 1.70 0.061 0.00127.5

Kidney (g/kg) 12.4 11.5 9.9 10.3 9.7 0.71 0.006 0.053

Gizzard (g/kg) 28.1 27.7 26.0 25.4 24.9 0.90 0.001 0.058

Bursa of Fabricius (g/kg) 2.3 2.2 2.23 2.53 2.8 0.11 <0.001 0.187

SEM: standard error of the mean.
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Discussion
Feed intake

the key determinants of feed intake in poultry and hence 

of high-affinity non-nutritive adsorbents like bentonite clays is

3.4
3.4.1

Whereas a general increase in DMI was observed with higher inclusion of aflatoxin 

binders up to intermediate levels, a comparatively higher response was obtained due to 
commercial binder (TB) inclusion than the bentonite clays (CaB and NaB). To that extent 

of binder inclusion, such disparities could be attributed to the higher effectiveness of TB 

in aflatoxin decontamination than the bentonite clays. The observed trends in DMI 

following the increase in binder inclusion are in agreement with earlier findings by 

several authors (Tedesco et al., 2004; Bailey et al., 2006; Shi et al., 2006;
39

Defined as secondary toxic metabolites of Aspergillus parasiticus and Aspergillus 

flavus, aflatoxins are 

performance. The use
one of the most promising decontamination techniques that can be used to combat the 

toxic effects of aflatoxins on feed utilization, organ health, and toxin carry-over in 

poultry products (Verma et al., 2004). Moreover, according to several authors (Verma 

et al., 2004; Verma et al., 2004; Ferket & Gernant, 2006) feed intake (DMI), weight 

gain, and organ health are key in assessing broiler response to aflatoxin 

decontamination. In this study, the general increase in DMI with aflatoxin binder 

inclusion to intermediate inclusion levels (Table. 3.1) demonstrates that DMI is 

dependent on the level of aflatoxin decontamination. Such trends are consistent with 

earlier observations of Verma et al. (2003) who reported an increase in feed intake of 

broiler poultry as a consequence of aflatoxin decontamination. Whereas Ferket & 

Gernant (2006) argued that broilers consume feeds to maximum gut fill and meet their 

energy requirements, they can also to a greater extent be limited by dietary toxicities. It 

can therefore be argued that the observed increase in DMI was attributed to an increase in 

feed acceptability and utilization as a result of aflatoxin decontamination (Van Rensburg 

et al., 2006). In fact, Abousadi et al. (2007) reported an improvement in feed utilization 

possibly attributed to reduced interference of specific enzymes involved in feed digestion. 

Therefore, the improved efficiency in digestion and assimilation of hydrolyzed nutrients 

in presence of aflatoxin binders possibly stimulates feed intake in broilers to maintain the 

gut fill and meet their energy requirements.
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Mohamood et al., 2011) who reported a decrease in feed intake and growth performance 

due to aflatoxicosis in broilers.

However, a reduction in DMI was observed beyond 1.32% inclusion levels of CaB, (Fig. 

3.1). Such a quadratic trend could either be attributed to the negative effects of excess 
calcium or interference of CaB to nutrient absorption (Angel et al., 2002). But, excess 

calcium has been reported to form insoluble complexes with phytate phosphorous which 

results in the hindrance of phytase enzyme activity (Angel et al., 2002). Furthermore,

However, beyond the intermediate levels, the increase in DMI followed a quadratic 

trend with increasing levels of the commercial binder and bentonite clay inclusion. As a 

result, the optimum response in DMI (4.89 kg/bird) due to CaB inclusion was lower than 

that of TB but was higher than for Sodium bentonites (NaB) (4.52 kg/ bird). This could 

possibly be attributed to both the greater lattice separation of CaB and the larger surface 

area of the resultant hydrated complex of the CaB bentonite clay than that of NaB 

(Russell et al., 2014; Soufiani et al., 2016). In fact, Deng et al., (2010) argued that 

aflatoxin decontamination by bentonite clay is greatly associated with hygroscopicity, 

surface polarity, and solubility which favor aflatoxin intercalation with the bentonites in 

water. Kang et al, (2016) argued that, as the bentonite clay gets hydrated in the GIT, the 

polar water molecules weaken the interaction between the closely packed bentonite layers 

by lowering the charge density of the sequestered exchangeable cations (Ca2+and Na+). 

The exposed cations (Ca2+and Na+) between the clay layers then form complexes with 

aflatoxin molecules through hydrogen bonding on the cyclone rings (Kang et al., 2016). 

Furthermore, McClure (2014) and Soufiani et al. (2016) argued that the higher colloidal 

effect, accessibility of the exchangeable cations, and the higher water absorption capacity 

exhibited by CaB than NaB provides a larger surface area in CaB for better sequestration 

of aflatoxins. Besides, Kang et al. (2016) reported that the aflatoxin sequestration 

capacities of bentonite clays largely depend on the charge density of the exchangeable 

cations to induce dipoles on the aflatoxin molecules hence their attraction to the clay 

layers. Therefore, the higher charge density on Ca2+than Na+, the greater colloidal effect, 

and surface area possibly account for the higher aflatoxin adsorption potential of the 

calcium bentonite clay.
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Gowda et al. (2009) and Neeff et al. (2013) reported no significant effects on feed intake 

and nutrient utilization of broilers fed more than 1.5% of bentonite clays. Since no 

reports have supported the claim that bentonites interfered with nutrient absorption, the 

drop in DMI could therefore be attributed to earlier reported effects of excess calcium 

from CaB.

Recognized as a key feed utilization indicator, weight gain (BWG) is one of the measures 

for investigating broiler response to aflatoxin decontamination. Since DMI alone cannot 

depict broiler performance, BWG was investigated to compare broiler performance as 

influenced by aflatoxin decontamination. The general increase in BWG with aflatoxin 

binder inclusion to intermediate binder inclusion levels (Table. 3.1) demonstrates that 

BWG is dependent on the level of aflatoxin decontamination. Besides, Li et al. (2002) 

and Arab-Abousadi et al. (2007) argued that such an increase in BWG due to aflatoxin 

decontamination could be mainly attributed to an increase in metabolic efficiency, protein 

synthesis, and its eventual accretion into muscles. In fact, aflatoxicosis is associated with 

a decrease in protein synthesis, energy metabolism as well as utilization of protein and 

energy (Li et al., 2002). McIntosh et al. (1975) further attributed such reductions to the 

inhibition of RNA synthesis by the aflatoxin metabolites through nucleolar DNA 

template impairment and inhibition of RNA polymerase II activity in the metabolizing 

cells. The observed response in BWG is consistent with findings by Yunus et al. (2013) 
and Chen et al. (2014) who reported a decrease in feed intake and weight gain due to 

chronic aflatoxicosis in broilers. Similarly, Lopez et al. (2006) reported a 9.5 % 

improvement in weight gain due to the addition of 0.1% bentonite clay to a diet 

containing 3.0 pg/kg aflatoxins. However, the observed optimum BWG responses (71.5- 

67.7g/bird/day) resulting from bentonite clay inclusion in this study were lower than the 

78.08 g/bird/day obtained by Zhu et al. (2014) who evaluated a combination of 

mycotoxins. Such a discrepancy possibly suggests that a combination of different 

mycotoxins exerts a greater effect on BWG than aflatoxins alone. So, cases of multiple 

toxin contamination might therefore necessitate different decontamination approaches or 
binder combinations.

3.4.2 Effect of aflatoxin binder inclusion on daily weight gain
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Nonetheless, beyond the intermediate levels, the increase in BWG followed a quadratic 
trend with increasing levels of the commercial binder and bentonite clay inclusion. As a 
result, the optimum response in BWG (71.5 g/bird/day) due to CaB inclusion was lower 
than that of TB but was higher than for Sodium bentonites (NaB) (67.7 g/bird/day) (Fig. 
3.1). This demonstrates that besides aflatoxin decontamination, BWG response was also 
dependent on dietary calcium availability. Moreover, several authors (Kaplan et al., 1976; 
Hamdi et al., 2015) argued that reduced dietary calcium reduces feed intake and 
utilization through lowering RNA concentration and inhibiting protein synthesis. In 
addition, aflatoxicosis has been reported to induce calcium deficits yet CaB is reported to 
release calcium in the GIT (Soufian et al., 2016). Although Yanovski et al. (2009) 
reported no direct effect of Ca2+ on BWG, it anticipated that the released Ca2+ from CaB 
improved the aflatoxicosis-induced calcium-deficit which possibly promoted DMI and 
feed utilization hence BWG.

Bodyweight gain in the broiler finisher phase remarkably descended beyond 1.5 and 
1.43% inclusion levels of CaB and NaB, respectively (Fig. 3.1). This quadratic response 
demonstrates that besides the reduction in feed intake, such a decline could also be 
attributed to the mechanism of aflatoxin adsorption by the bentonite clays through their 
exchangeable cations (Russel et al., 2014). Arguably, bentonites sequester aflatoxins 
through hydration of the exchangeable cations of Ca2+ and Na+ which adsorb the 
aflatoxins through the cyclone bridges (Russel et al., 2014). These exchangeable cations 
create hydrophilic environments on the bentonite surfaces, which shifts the equilibrium in 
a way that promotes aflatoxin absorption and release of calcium in the GIT (Stoj, 2001). 
The released Ca2+ promotes lipid flux by lowering plasma concentrations of vitamin D 
and parathyroid hormone, which are both known to promote intra-adipocyte Ca2+ 
concentrations hence affecting the rate of lipogenesis and lipolysis (Shamik et al., 2003). 
The resultant reduced lipogenesis and stimulated lipolysis possibly results in energy 
wastage and hence reduced body weight gain (Shamik et al., 2003). In addition, Soares et 
al. (2010) argued that increased fecal energy loss due to the formation of none absorbable 
calcium-fat complexes in the GIT further contributes to reducing BWG in broilers. 
Consequently, excess calcium released by CaB possibly created an energy utilization 
inefficiency yet energy is a key requirement in protein synthesis and hence BWG.



Therefore, for optimum BWG responses in broiler chickens fed aflatoxin-contaminated 

diets, bentonite clay inclusion should be at intermediate inclusion levels corresponding to 

optimum responses.

Aflatoxicosis-induced performance decline in poultry can be reflected in reduced DMI, 

BWG, and damage of key organs. However, obtaining optimum performance due to 

aflatoxin-decontamination using DMI and BWG has offered inconsistent optimum 

responses as earlier indicated. As a measure of feed utilization efficiency, feed 

conversion ratio (FCR) is the best parameter for determining the optimum inclusion 

levels of aflatoxin binders since it accounts for both DMI and BWG responses. 

Therefore, determining the respective optimum FCR for bentonite clay binders gives 

the respective optimum binder inclusion levels. In this study, broiler FCR generally 

decreased at a decreasing rate with aflatoxin binder inclusion levels (Fig. 3.1). Broiler 

FCR was measured as a ratio of DMI to BWG, both DMI and BWG generally followed 

similar trends with binder inclusion levels. This demonstrates that aflatoxin 
decontamination increases both DMI and BWG but only up to intermediate levels of 

binder inclusion. The decrease in FCR with increasing binder inclusion suggests an 

increase in feed utilization efficiency resulting in higher BWG for less feed intake in the 

broilers. Tung et al. (1972) and Li et al. (2002) argued that an increase in feed utilization 

efficiency due to aflatoxin decontamination could possibly be through improved 

efficiency in energy and protein utilization. In fact, aflatoxin-decontamination has been 

reported to improve the utilization of sulfur-containing amino acids as well as energy 

utilization efficiency (Bhattacharya et al., 1989; Kermanshahi et al., 2009). Moreover, 
Kermanshahi et al. (2009) argued that aflatoxin detoxification in the liver results in 

metabolic intermediates that are produced largely at the expense of sulfur-containing 
amino acids (methionine and cysteine). Since protein synthesis is an all-or-nothing 

process, limiting the availability of any amino acid results in protein wasting and a 

reduction in BWG hence lowering feed utilization efficiency. The observed responses are 

in agreement with findings elsewhere which indicated improved feed utilization in broiler 

birds due to aflatoxin decontamination that resulted in improved protein utilization 

(Verma et al., 2003; Pandey &Chauhan, 2007; Oguz, 2011).
43

3.4.3 Effect of aflatoxin binder inclusion on the feed conversion ratio
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Furthermore, beyond the point of inflection more DMI per unit of BWG was observed 
with CaB inclusion (Fig. 3.1). This demonstrates that feed utilization efficiency decreased 
when CaB was included beyond the optimum inclusion level of 1.7% w/w. Such a 
response could be attributed to the effects of excess calcium on weight gain and feed 
intake as earlier reported by Angel et al. (2002). Besides, calcium has also been reported 
to interact with inorganic phosphorous in the gut lumen forming insoluble calcium 
orthophosphate complexes (Angel et al., 2002; Plumstead et al., 2008). For that reason, 
this interaction probably makes inorganic calcium and phosphorous less available for 
assimilation yet they are key nutrients in the efficiency of energy and protein utilization 
for broiler growth. Therefore, whereas aflatoxin decontamination improved DMI and 
BWG, the increase in feed utilization efficiency was evident up to intermediate binder 
inclusion levels. So, for optimum broiler performance CaB and NaB can be included in 
aflatoxin-contaminated feeds at 1.7 and 1.5% w/w inclusion levels, respectively.

The effect of aflatoxin decontamination on BWG and FCR reveals the adverse effect of 
aflatoxicosis on the ratio of daily weight gain in grams to voluntary DMI in broilers 
(protein efficiency ratio(PER)). Although there was no specific trend in PER response 
due to TB inclusion, a general increase was observed with Albertine bentonite clays 
(CaB and NaB) inclusion (Table. 3.1). Such a response could be attributed to the fact that 
aflatoxicosis is associated with a decrease in protein utilization as reported by Li et al.

However, calcium bentonite clay resulted in a better optimum FCR response (1.86 g of 
feed/g of BWG) than sodium bentonite clay (1.88 g of feed/g of BWG) (Fig 3.1). This 
demonstrates that CaB exhibits higher degrees of aflatoxin decontamination than NaB. 
Arguably, besides aflatoxin decontamination, CaB exhibits a greater calcium recovery 
through releasing calcium in the GIT as reported by Stoj (2001) and Soufian et al. (2016). 
However, aflatoxicosis has been reported to create a calcium deficit that impedes feed 
utilization in poultry as earlier reported by Hamdi et al. (2015). As a consequence, the 
combined effects on aflatoxin decontamination and improved calcium availability by 
CaB synergistically could have contributed to the better FCR optimum response due to 
CaB inclusion than NaB.

3.4.4 Effect of aflatoxin binder inclusion on the protein efficiency ratio
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3.4.5 Newcastle and Infectious Bursal Disease antibody titers
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The antibody titers of Newcastle (NCD) and infectious bursal disease (IBD) measured the 

degree of broiler responses to vaccination (Vaccine efficacy) as affected by aflatoxin­
decontamination. The antibody titers were used to measure NCD and IBD vaccine 

efficacies. In response to vaccination, antibodies are produced through antigen­

lymphocyte interaction mechanisms to provide immunity in the broiler chickens 

(Mohiuddin, 1993). In this study, NCD and IBD antibody titers increased with aflatoxin 

binder inclusion levels (Fig. 3.3). The variations in the antibody titers with aflatoxin 

binder inclusion demonstrate that NCD and IBD vaccine efficacies increase with 

increasing aflatoxin decontamination. Furthermore, results from this study also indicated 

a reduction in aflatoxicosis-induced regression in the bursa of Fabricius with aflatoxin 

decontamination (Table. 3.3). Although limited information on antibody-aflatoxin 

interaction is available, the results are consistent with findings by Verma et al. (2004), 
who reported a reduction in NCD and IBD antibody titers as well as a regression of the 

bursa of Fabricius due to aflatoxicosis in broilers. Meissonier et al. (2008) argued that 

such a variation in antibody titer could be attributed to a reduction in aflatoxicosis- 

induced inflammatory responses and the enhancement of cell-mediated immune

(2002). Arguably, the metabolism of aflatoxins to less toxic metabolites is carried out at 

the expense of sulfur-containing amino acids which upsets the amino acid balance in 

broilers (Bhattacharya et al., 1989; Kermanshahi et al., 2009). Since protein synthesis is 

an all-or-nothing process, limiting the availability of any amino acid results in amino acid 

deamination hence protein and energy wasting. Therefore, the increased aflatoxin 

decontamination levels possibly reduced aflatoxin metabolism hence conserving the 

essential amino acids. These observations did not differ from those earlier made by 

Verma et al. (2003), who reported a reduction in protein utilization as well as weight gain 

in broilers due to aflatoxin contamination. In addition, aflatoxins have also been reported 

to impair liver functions especially its protein utilization mechanisms (Hossain, 2011). It 

can therefore be argued that aflatoxin decontamination improves protein utilization 

efficiency through conserving the commonly limiting sulfur-containing amino acids in 

broilers.



3.4.7 Relative organ weights
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Furthermore, aflatoxins have been reported to have negative effects on cell-mediated 

immunity through interacting with the T-cells hence blocking the antigen receptor sites 

(Oguz et al., 2003). Such competitive inhibitions result in immunosuppression through 

greatly inhibiting antibody synthesis as reported by Qureshi et al. (1998) and Radhika 

(2006). It can therefore be envisaged that aflatoxin decontamination reduces the 

regression of bursa of Fabricius, increases antigen-antibody sensitivity as well as chemo­

static stimulation of T-cells hence increasing broiler response to vaccination (Radhika, 

2006). Since cell-mediated and antibody-based immunity is key sensitive complementary 

aspects of the immune system, poultry farmers need to be advised to prioritize aflatoxin­

decontamination for reduced NCD and IBD challenges.

Aflatoxicosis in poultry results in tissue damage which is reflected in the relative weights 

of the respective organs. In the process of metabolizing aflatoxins to less toxic 

derivatives, the key target organs are the liver, kidney, gizzard, and bursa of Fabricius. 

Results indicated that, whereas the relative weight of the bursa of Fabricius increased, that

responses due to aflatoxin decontamination. In fact, reductions in antibody quantities are 

primarily attributed to inhibitory effects of inflammatory cytokine IL-6 on antigen 

detection as well as antigen-specific immune responses (Meissonier et al., 2008). This 

implies that aflatoxicosis induces cytokine IL-6 which interferes with antigen detection 

by lymphocytes which reduces their proliferative response to antigens (Meissonier et al., 

2008). Such alterations possibly reduced the sensitivity of lymphocytes to vaccine-based 

antigens leading to reduced response hence reduced antibody production as earlier 

reported by Mohiuddin (1993).

In addition, just like aflatoxicosis, IBD has been reported to cause a regression in the 

bursa of Fabricius hence suppressing its IBD antibody production ability in poultry 

(Verma et al., 2004). So, possibly, the observed reduction in aflatoxicosis-induced 

regression in the bursa of Fabricius improved its ability to produce IBD antibodies, hence 

the increase in IBD antibody titers. Therefore, whereas the increase in IBD antibody titer 

could be attributed to decreased regression in the bursa of Fabricius that of NCD could be 

attributed to improved sensitivity of lymphocytes to vaccine-based antigens.
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of liver, kidney, and gizzard decreased with aflatoxin binder inclusion (Table. 3.3). Such 
responses in relative organ weights suggest that aflatoxin-decontamination improved 
organ health and functionality. These observations are in agreement with previous 
findings (Girish et al., 2006; Lehman et al., 2008; Kumar et al., 2009) which also 
indicated an increase in organ weights due to glomerular basement membrane thickening 
and histopathological changes due to toxicities in broiler liver, kidneys, and gizzards. 
Arguably, the increase in relative kidney and gizzard weight could be attributed to a 
reduction in the aflatoxicosis induced thickening of the glomerular basement membrane 
as earlier reported by Kumar et al. (2009). Results also indicate that among the organs 
evaluated, the liver was the most affected followed by the kidneys. On that note, Yunus 
et al. (2013) argued that first pass metabolic effect of aflatoxins through bio-activation of 
aflatoxins to less toxic intermediate metabolites in the liver, followed z': e^rrinauan in 
the kidneys could explain the greater influence of aflatoxin deconlaminauor in me < er. 
In fact, Girish et al. (2006) associated the histopathological changes whr an acnumniasor 
of nitrogenous wastes and aflatoxin metabolites due to inflammatom rntLSiini o' lie 
uterine mucosa. For that reason, the liver and kidney are considered nt mt arper 
organs for aflatoxicosis in all the affected species as earlier reponec r I muni rr u. 
(2001). It can therefore be argued that aflatoxin-decontamination pre-* enK uumttcnsis 
induced histopathological changes (cellular dissociation and necrosis ± me respecu e 
organs hence the decrease in the relative organ weights (Ekhlas, 2012 .

However, an increase in the relative weight of the bursa of Fabric:_s v-m increasing 
inclusion levels of the aflatoxin binders was detected which demonstrates that 
aflatoxicosis induced regression in the bursa of Fabricius. So aflatoxin decontamination 
reversed the regression of the bursa of Fabricius thereby improving its health and 
prominence. This observation is in agreement with findings by Verms et al. ,2.\'-4 who 
reported a regression in the bursa of Fabricius due to aflatoxicosis in poultm. Ir. fact. Choi 
et al. (2010) reported an aflatoxicosis induced an increase in lipid peroxidation and 
production of highly reactive oxygen species in the cell of the bursa of Fabricias. So when 
such biochemical species attack the membrane systems in the mitochondria. the> interact 
with proteins and nucleic acids to affect its prominence (Sajan et al.. Possibly, the 
resultant, impairment in cell physiology inhibits cell division and differentiation in the



3.4.8 Aflatoxin carry-over in tissues
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tissues of the bursa of Fabricius hence accelerated regression (Peng et al., 2015). 

Therefore, reversing such detrimental lipid peroxidation through aflatoxin 

decontamination possibly restored the functionality of the bursa of Fabricius hence its 

progression.

Whereas active metabolic breakdown of aflatoxins to less toxic metabolites successively 

reduces the accumulation in the consumable poultry products, some residual toxins still 

find their way into the consumable tissues. Aflatoxin, carryover is dependent on both the 

amounts absorbed from the GIT and the enzymatically detoxified quantities by the tissues 

in the bird. The general decrease in residual aflatoxins with binder inclusion levels (Fig. 

3.2) suggests that residual aflatoxins in the tissues decrease with aflatoxin 

decontamination. The variations also indicate that the commercial binder was the most 

effective in aflatoxin decontamination but comparable to the bentonite clays. 

Furthermore, the relatively lower residual aflatoxin levels were detected in the liver 

tissues than in the kidney tissues indicate that the rate of aflatoxin detoxification in the 

liver tissues is higher than that in the tissues of other organs. The relatively lower residual 

aflatoxins in the liver than in the kidneys is in agreement with findings by (Verma et al. 

2004) who also reported lower levels of aflatoxin accumulation in the liver than in the 

kidneys for broilers fed aflatoxin-contaminated diets. On that note, Yunus et al. (2013) 
and Romoser et al. (2013) argued that the rapid cytochrome P4so-catalyzed bio-activation 

and detoxification in the liver due to the first-pass metabolic effect largely account for 
that variance. The high residual aflatoxin levels in the kidney on the other hand could be 

attributed to the fact that the kidneys accumulate and eliminate these toxins with their 
metabolites in the glomerular filtrate yet the kidney has limited aflatoxin detoxification 

activities (Kumar et al., 2009). Therefore, whereas the kidneys are challenged by both 

aflatoxin-induced inflammation and aflatoxin accumulation, the liver is enriched with 

aflatoxin detoxifying enzymes for quick metabolic detoxification (Yunus et al., 2013). So 

the addition of bentonite clays reduced the amounts of aflatoxins absorbed from that GIT 

to the levels that could be safely detoxified by the bird to the extent that between 1.0 - 2.0 
levels of binder inclusion, no residual aflatoxins could be detected in the muscles.



Conclusion3.5.
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Results from this study are interpreted to mean that feeding aflatoxin-contaminated diets 
adversely affects feed utilization efficiency, Newcastle, and infectious bursal disease 
vaccine efficacy as well as organ health in broiler chickens. The inclusion of Albertine 
bentonite clays mitigates the aflatoxicosis-induced decline in broiler productive 
performance, response to NCD and 1BD vaccination as well as organ health. This implies 
that the Albertine bentonites can effectively be used in the decontamination of aflatoxin- 
contaminated broiler feeds. The overall results also indicate that calcium bentonite is 
more efficacious than sodium bentonite although slightly inferior to the commercial 
aflatoxin binder. Therefore, whereas most response parameters showed overlapping 
optimum values in ranges between 1.3 and 1.8% inclusions, the inclusion of calcium and 
sodium bentonites at 1.70 and 1.5%, respectively, results in optimum broiler growth 
performance. However, further investigations need to be conducted to close the 
performance gap between the commercial binder and the respective bentonites.



CHAPTER FOUR

STUDY 2

ABSTRACT
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Effect of calcium and sodium bentonite clays from the Albertine graben region as 
aflatoxin binders on layer chickens fed contaminated diets

The study was conducted to determine the optimum inclusion levels of calcium and sodium 

bentonite clays from the Albertine graben region of Uganda in layer diets contaminated with 

aflatoxins. Balanced diets were formulated to meet the nutritional requirements of layers in 

their different physiological status as developer, grower, pre-layer, and layers. The grower, 

pre-layer, and layer diets were each laced with aflatoxins to levels of 250 ppb. Then, three 

aflatoxin binders including a commercial toxin binder (TB) as a control, and two Albertine 

bentonite clays (Calcium bentonite (CaB) and sodium bentonite (NaB) were each separately 

added at graded levels of 0.0, 0.25, 0.5, 1.0, and 2.0% w/w to the aflatoxin-contaminated 

diets. The diets included; grower, pre-layer, and layer diets for feeding the layers between 11- 

18 weeks, 19-start of laying, and during lying, respectively. The treatments were then 

allocated to the experimental layer in a completely randomized experimental design 

replicated 3 times (n = 15 layer birds per replicate group). The results indicated that hen day 

egg production increased with increasing commercial binder inclusion levels following a 

quadratic trend (p<0.05) while those of CaB and TB followed a linear trend (p<0.01). As a 

result, optimum responses of 52.6 and 48.9% were obtained at 1.21 and 1.76 % inclusion 

levels of TB and CaB, respectively. On the other hand, egg weight increased quadratically 

(p<0.05) with increasing commercial binder inclusion level while the increase due to CaB as 

well as NaB inclusion followed linear trends (p<0.05). As a consequence, optimum responses 

of 52.93, 52.3, and 52.0 g were obtained at 1.49, 1.47, and 1.79% inclusion levels of CaB, 

TB, and NaB, respectively. Feed conversion ratio decreased with an increase in TB inclusion 

levels following a quadratic trend (p<0.01) whereas the addition of CaB as well as NaB 

resulted in linear responses (p<0.001). As a result, optimum responses of 3.99, 4.03, and 4.12 

were obtained at 1.30, 1.83, and 1.76 inclusion levels of TB, CaB, and NaB, respectively. 

This implies that CaB is highly comparable to the commercial binder in aflatoxin 

sequestration. Based on the feed conversion ratio, the inclusion of calcium and sodium 

bentonites from the Albertine region at inclusion levels of 1.83 and 1.76%, respectively to 
aflatoxin-contaminated feeds results in optimum layer performance.



Introduction
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As a result of long-term exposure to aflatoxins, chronic aflatoxicosis places commercial 
layers at a greater risk of a consequence of bioaccumulation (Verma et al., 2003). During 
such chronic aflatoxicosis, reduced feed utilization, growth rates, and egg production are 
inevitable (Oznurlu et al., 2012). In addition, feeds contaminated with aflatoxins beyond 
200 ppb have been reported to reduce body weight gain, egg weight, and percentage hen 
day egg production in commercial layers (Verma et al., 2003). Since most layer feeds in 
Uganda are contaminated to levels between 65-1000 ppb layer productivity is highly 
compromised by aflatoxicosis (Kaaya & Warren, 2005).

It was therefore hypothesized that aflatoxin binder type and inclusions level affects feed 
intake and utilization in the layer birds. The objective of this study hence was to assess 
the effects of fortifying layer feeds with Albertine bentonite clays on performance.

However, the use of clay-based adsorbents in poultry diets like bentonites has proved to 
be effective in aflatoxin decontamination (Fowler et al., 2014). Consequently, the 
addition of bentonites to aflatoxin-contaminated feeds at a rate of 0.3 - 0.5% also reduces 
bioavailability and residues in the liver and kidney (Prvulovic et al., 2008; Neeflf et al., 
2013,). However, the aflatoxin sequestering ability of the bentonites varies from one 
deposit to another given the nature of the parent material and composition (Deng et al., 
2010).

4.1

Due to the rapidly growing egg market in urban centers and cities (UBOS, 2009), more 
income can be earned through poultry layer production. However, the cost of 
commercial egg production restricts the advancement of the poultry layer industry, in 
which over 70% of the production costs go into feeding. This high cost of feeds has been 
amplified by poor feed utilization efficiency and layer performance (Brayden, 2012). 
Furthermore, reduced layer performance is also largely attributed to chronic aflatoxicosis 
(Zanghini et al., 2005).



Materials and methods4.2

4.2.1 Study site

4.2.2 Aflatoxin production protocol

Aflatoxins were produced by incubation of rice inoculated with Aspergillus spores. The 
spores were produced by removing the testa and hulling the groundnut grains followed by 
soaking in water for 30 minutes. The resultant moist ground nuts were then incubated at 
28°C for seven days to produce mixed strains of green spores. After seven days, a Potato- 
Dextrose-Agar (PDA) was prepared by mixing potato extract, agar, and dextrose.
The potato extract was prepared by slicing 250 g of potato into 3.0 mm slices and 
cooking for 30 minutes in an open vessel. The potato extract was then collected by 
filtering the resultant medium through a muslin cloth before 20 g of dextrose was added. 
Simultaneously, the molten agar was prepared by boiling 20 g of agar in 500 ml of 
distilled water for 30 minutes in a separate glass beaker. Finally, the PDA was prepared 
by mixing the resultant molten agar with the potato dextrose mixture and the volume 
made up to 1 liter using distilled water. The pH of the resultant PDA medium was then 
adjusted to 7.0 and autoclaved at 12 TC before plating in the lamina flow hood. After the 
PDA had cooled to room temperature, Aspergillus spores were identified and carefully 
picked from the incubated ground nuts under a light microscope at low and high 
magnification (4x, 10x, 20* and 40x) using a sterile spatula and inoculated onto the PDA 
slant plates. The resultant inoculated PDA slant plates were then incubated at 28°C for 10 
days to produce the spore mass which was later used to inoculate a rice medium.
After 10 days, a rice medium was prepared by soaking rice at a rate of 1 g of rice for 0.5 
g of distilled water for 120 minutes, drained off excess water autoclaved at 121’C for 30 
minutes. After cooling to room temperature, the rice medium was inoculated with the
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This study was conducted between March and December 2017 at Makerere University 
Agricultural Research Institute, Kabanyolo (MUARIK), which is located 20 km North 
of Kampala but within the fertile lake Victoria crescent (0° 28' N, 32° 27' E, altitude 
1204 m a.s.l). The area is characterized by a tropical climate with average 
maximum temperatures of 28.5°C and average minimum temperatures of 14.5°C.



4.2.3 Aflatoxin determination using fluorometry
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Total aflatoxins in the feed samples were determined using the Association of Official 
Analytical Chemists method. The maximum weight of 1.0 kg samples of each feed 
sample was collected from each feedlot immediately after mixing the ingredients. The 
moisture content of each sample on a dry basis was determined immediately using a 
moisture analyzer.
A ground feed sample aliquot of 25 g was weighed out together with 5 g of sodium 
chloride and placed in a blender jar. 125 ml of methanol: water in the ratio of 70:30 was 
added to the jar and the sample was blended at a high speed for 2 minutes. The blended 
sample was filtered through a filter paper into a clean beaker. After filtering, 15.0 ml of 
the resultant filtrate was diluted with 30 ml distilled water. The diluted extract was 
then filtered through a micro-fiber filter into an affinity Afla-Test column to collect 15 
ml of the filtered extract in a syringe. The extract was then passed through an 
affinity column at the rate of 2 drops per second with the aid of a pressure pump. Then, 
10 ml of distilled water was passed through the Afla-Test affinity column at the rate of

Aspergillus spores produced from the PDA medium. The spores on the PDA medium 
were scraped loose with a sterile loop, sterile water added before the slants were shaken 
to give uniform spore suspensions. Finally, 0.5 ml of the spore suspension was used to 
inoculate 50 g of the autoclaved rice medium before incubation for another 10 days to 
produce pure cultures of green conidia of Aspergillus.
After ten days, the cultures which had a heavy crop of green conidia were scraped loose 
with a sterile loop and agitated with sterile distilled water to give a uniform suspension of 
green spores. The resultant spore suspension (0.5 ml) was then used to inoculate the 
autoclaved rice medium in each Erlenmeyer flask before incubation.
After inoculation, the subsequent incubations were carried out in 2,000 ml Erlenmeyer 
flasks containing 400 g of inoculated rice at 28°C for 21 days. At the end of the 
incubation (21 days), the flasks were briefly steamed to destroy the fungus and the 
resultant pale yellow medium was dried at 105°C. The oven-dry medium was then 
standardized using the Vicam Aflatest procedure (950 ppb) before it was used to 
contaminate the respective experimental diets.



4.2.4 Source and description of feed ingredients

4.2.5 Experimental diet and design
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Diets were formulated to meet the nutritional requirements of layers in their different 
physiological status as starters for layers between 1-6 weeks (2780 kcal/kg ME, 18% 
CP), developer for layers between 7-10 weeks (2740 kcal/kg ME, 16% CP) grower diet 
between ll-18weeks (2640 kcal/kg ME, 15% CP), pre-layer diets between 19 weeks to 
start off laying (17% CP, 2580 kcal/kg ME) and layers’ diet, during laying (2610 kcal/kg 
ME, 17% CP) according to the National Research Council (NRC, 1994). Thereafter, the 
developer, pre-layer, and layers’ diets were formulated and analyzed for aflatoxin 
contamination after which they were laced with aflatoxins to levels of 250 pg / kg DM 
using the aflatoxins produced on the rice medium. Then, each of the 3 aflatoxin binders 
was added at 5 graded levels (0.0, 0.25, 0.5, 1.0, and 2.0% w/w) to the respective 
contaminated layer diets. However, all the chicks were subjected to a uniform layer 
starter diet after which a total of 675 birds were selected and allocated to the 3 binders at

about 2 drops per second until air came through the column. The affinity column was 
eluted by passing 2 ml of HPLC grade methanol through the column at the rate of 2 
drops per second while collecting the entire sample elute in a glass cuvette. Afla-Test 
developer was added to the eluent, thereafter it was mixed well and the aflatoxin 
concentration (ppb) was determined in the sample after 60 seconds by using a calibrated 
fluorometer.

Before experimentation, feed ingredients used in the formulation of experimental diets 
were sourced from local input stockiest. The ingredients used included broken maize 
meal, maize bran, soybean meal, fishmeal, lake shells, di-calcium phosphate, methionine, 
lysine, layer premix, and table salt (NaCl). The experimental clay was sourced from 
Knights Mining Company and was characterized as calcium and sodium bentonite, 
respectively, by a laboratory in the department of geological survey and mines in the 
ministry of energy and mineral development. A commercial aflatoxin binder branded 
Toxiban from Novus International outlet in Uganda was used in the experimentation 
while aflatoxins were produced as described in study I (section 4.2.3).



4.2.6 Management of experimental birds
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After raising the chicks for eight weeks, 675 out of the 950 chicks were weighed and 
randomly allocated to each of the dietary treatments. Birds in each replicate were housed 
in a deep litter system where plywood was used to separate the floor space. The

5 inclusion levels replicated 3 times (n=15). Finally, the experimental treatments were 
allocated to the experimental layers in a completely randomized experimental design till 
week 31.

Both brooder and raring house equipment were cleaned, washed, and sun-dried before 
fumigation with (35 ml formalin + 17.5 g potassium permanganate) a week before the 
bird’s arrival. In study 1, before the arrival of the day-old chicks, the brooder was 
prepared to provide conditions required for intensive broiler chick rearing. The floor of 
the brooder was covered with a dry litter of coffee husks that was 7.5 cm deep covered 
with paper boards to prevent the chicks from pecking the litter. The brooder was also 
fitted with paper egg trays, which were used as feeders for the chicks in the first 4 days. 
The heat was provided using perforated clay pots with burning charcoal alongside 
installed low-hanging light bulbs (Phillips, 240V/100W). Clean drinking water 
containing glucose and water-soluble vitamins was provided in round drinkers at a rate of 
25 chicks per drinker. The brooder was also surrounded by a brooder guard that was 45 
cm high and was heated until attainment of a steady peripheral temperature of about 32°C 
before the day-old chicks were introduced.
After attaining a steady temperature a total of 950-day old layer chicks weighing 44.6 ± 
0.63 g were introduced to the brooding facility at MUARIK. The day-old chicks were 
given warm drinking water on arrival by dipping their beaks in the water. On day 5, 
linear feeders (100 cm x 8 cm x 5 cm) that provided a feeding space of 20 chicks per 
feeder replaced the paper trays and later fed layer starter diets up to week 8 at rates 35 g 
per bird which was gradually increased to 75g /bird/day by week eight. In addition, small 
drinkers were replaced with larger round drinkers (3-liter capacity) at a rate of 25 chicks 
per drinker as recommended by the supplier. The chicks were vaccinated against 
Newcastle diseases and IB on days 7, 21, and week 8 through the ocular route while 
Gumboro was vaccinated in weeks 4 and 6 through the oral route.



4.2.7 Data collection

HD EP = (number of eggs laid in the day -J- total number of hens') x 100.

The experimental birds were also vaccinated through the intramuscular route against fowl 
typhoid in week 10 using the fowl typhoid vaccine while in week 12 they were 
vaccinated against Fowlpox through wing web using the fowlpox vaccine. After 5 
months they were vaccinated against Newcastle + IB and later vaccinated against 
Newcastle after every 2 months. Experimental birds were also observed for any unusual 
behavior while the litter was constantly raked and its conditions consistently monitored to 
ensure friability.

Body weights of birds were recorded at the start of lay and the end of the experiment 
using a digital weighing scale (RS232, WT-X series, 0.1g accuracy. Max. Range 30 kg). 
Daily feed intake for the group replicates was estimated by deducting the dry weight of 
feed refusal from the total dry weight of feed offered to each of the groups. Daily feed 
intake per bird per day was then calculated by dividing the total daily feed intake by the 
number of birds in the respective replicates. In addition, weekly DMI was also 
determined for each replicate while the mortality of birds was recorded as it occurred. 
Hen-day egg production (HDEP) was determined daily using the formula:

experimental unit was a pen whose length, breadth, and height were 2m x 2m x 2.5m, 
respectively. The experimental birds were subjected to routine management practices 
including a 12-hour lighting program using daylight. The experimental birds were also 
provided with drinking water ad-libitum at a rate of 15 pullets per drinker, while the feeds 
were provided in (100 cm x 15 cm x 15 cm) linear feeders. After the 19th week, the pullets 
were provided with laying nests at a rate of 30 cm2 per pullet as recommended by Uga- 
chic Poultry Breeders.

The eggs were collected 5 times daily, weighed immediately and weights recorded to the 
nearest of 1.0 g accuracy. Eggshell thickness was measured at three points equidistant 
along the equator of the shell after drying the shells at 100 °C for 2 hours using a 
micrometer screw gauge. The eggshell percentages were determined after removing the 
inner shell membranes, drying for 24 hours before it was determined using the digital
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FCR =

Egg quality measured was shell thickness and percentage shell proportion.

4.2.8 Data analysis
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Polynomial contrasts were used to test for linear and quadratic effects of the inclusion of 
graded levels of each aflatoxin binder. Parameters were considered significantly 
different at P < 0.05. Second-order polynomial regressions were fitted to body weight 
gains, hen day egg production, feed conversion ratios, egg mass per bird, and egg 
weight data to establish treatment responses, and the regressions equations were 
differentiated to determine the point of inflection on each response curve.

Where, Fc = Feed consumed
Em = Egg mass-produced
Bw = Body weight gain or loss

weighing scale. The average egg weight for each experimental unit was also determined 
weekly while the total egg mass of all the eggs laid in the ten weeks was also 
calculated at the end of the study. The feed conversion ratio was also calculated as feed 
consumed per unit eggs weight and weight gain using the following formula:

Fc
Em + Bw



4.3 Results

4.3.1 Layer productive performance and eggshell characteristics
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Precisely, due to the commercial binder inclusion, egg weight increased quadratically 

(p<0.05) with increasing inclusion level while the increase due to Albertine bentonite 

clays inclusion followed a linear trend (p<0.05). As consequence, the highest egg weights 

were observed at 2.0% inclusion levels of the commercial binder as well as CaB, while 

that of NaB was obtained at 0.5% inclusion level. Generally, using the regression 
equations of the response curves (Fig. 4.2), egg weight increased with increasing binder

Whereas body weight gain only tended to follow quadratic trends due to the commercial 

binder (p=0.052) and Calcium bentonite (p=0.064) inclusion, layer body weight increased 

with increasing NaB inclusion levels following a linear trend (p<0.05). Hen day egg 

production increased quadratically (p<0.05) with increasing TB inclusion levels. For the 

case of Albertine bentonite clays, however, hen day egg production increased linearly 

(p<0.01). Subsequently, the highest hen day egg production responses were obtained at 

0.5% inclusion levels of the commercial binder while that of the Albertine bentonite clays 

were observed at 2.0%. Although the observed maximum hen day egg production 

responses were similar (p>0.05) in both the commercial and NaB, that of CaB was 

significantly (p<0.05) higher than that of NaB and the commercial binder (Fig. 4.1). 
Furthermore, using the regression equations of the response curves (Fig. 4.2) hen day 

egg production generally increased with increasing binder level of inclusion levels to 

optimum responses of 52.6 and 48.9% at 1.21 and 1.76 % inclusion levels of TB and CaB, 

respectively.

The effect of aflatoxin binder inclusion levels on the productive performance of layers is 

presented in Table 4.1. Among the layers, daily feed intake (DMI) increased quadratically 

(p<0.05) with increasing commercial binder (TB) and calcium bentonite (CaB) inclusion 

levels. For the case of sodium bentonite (NaB) however, DMI increased linearly (p>0.01) 

with increasing binder inclusion levels. As a consequence, the highest DMI of feeds 

fortified with the Albertine bentonite clays were observed at 2.0% and 1.0% inclusion 

levels of NaB and CaB, respectively while that of the commercial binder was observed at 

1.0%.



The egg mass per bird increased with increasing binder inclusion levels due to both the 
commercial binder and Albertine bentonite clay addition following quadratic trends 
(p<0.01). As a result, the highest values of egg mass per bird were obtained at 0.5% 
inclusion levels of the commercial bentonite and 2.0% inclusion levels of the Albertine 
bentonite clay. On the other hand, using regression equations of the response curves (Fig 
4.2), egg mass per bird increased with an increase in binder inclusion level to optima of 
1.83, 1.73, and 1.62 kg. The optimum responses were obtained at 1.86, 1.28, and beyond 
2.0% inclusion levels of TB, CaB, and NaB, respectively.

Eggshell percentage increased quadratically (p<0.05) with increasing aflatoxin binder 
inclusion levels due to commercial and CaB addition while that of NaB followed a linear 
trend (p<0.05). As a result, the highest shell percentages were obtained at 2.0 for both the 
commercial and NaB while that of CaB was first observed at 1.0%.

Precisely, due to the commercial binder and CaB inclusion, eggshell thickness increased 
with increasing inclusion levels following quadratic and linear trends respectively 
(p<0.05). As a consequence, the highest values were obtained at 1.0 inclusion of the 
commercial binder while that of the Albertine bentonite clays were obtained at 0.25 and 
2.0 % inclusion levels of NaB and CaB, respectively.
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level of inclusion to optimum values of 52.93, 52.3, and 52.0 g at 1.49, 1.47, and 1.79% 
inclusion levels of CaB, TB, and NaB, respectively.

Due to commercial binder inclusion, FCR decreased quadratically (p<0.01) whereas 
Albertine bentonite clay inclusion resulted in linear responses (p<0.001). Subsequently, 
the lowest FCR responses were obtained at 0.5% inclusion levels of the commercial 
binder while those of the Albertine bentonites were obtained at 2.0%. In addition, using 
the regression equations of the response curves (Fig. 4.2), FCR decreased with an 
increase in binder inclusion levels to optimum responses of 3.99, 4.03, and 4.12 at 1.30, 
1.83, and 1.76 inclusion levels of the commercial binder, CaB, and NaB, respectively. 
However, whereas the observed minimum values of FCR observed at 0.5% inclusion 
levels of the commercial binder were significantly lower (p<0.05) than those of the 
Albertine bentonites, it was not significantly (p>0.05) different from minimum values 
observed at 2.0% (Fig. 4.1).
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119.8 121.0 153.5 122.2 126.4 0.0032.102 0.055

BWG (g/day) 117.4 125.9 129.6 6.80 0.064121.5 125.4 0.191
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FCR 5.3 5.2 4.7 4.0 3.9 0.23 <0.001 0.090

Egg mass/bird (kg) 1.25 1.20 1.40 1.72 1.78 0.073 0.061 0.001

Egg shell percentage (%) 8.9 9.0 9.0 9.1 9.1 0.010 0.061 0.001

32.0 33.0 0.360 0.001 0.125
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■I

Egg shell percentage (%)

Shell thickness (xl0’2mm)

Calcium bentonite (CaB)

DMI (g/day

Table 4.1. Effect of aflatoxin binder inclusion on the productive performance and
eggshell characteristics in layers

Shell thickness (xl0"2mm) 32.0 32.5 32.8 33.0 33.3

BWG: average daily weight gain; HDEP: Hen day egg production; FCR: feed conversion ratio; 
SEM: standard error of the mean.
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Discussion4.4

On the other hand, the feed conversion ratio (FCR) decreased at constant rates with an 
increase in Albertine bentonite clay inclusion levels. This implies that feed utilization 
improves with increasing levels of aflatoxin decontamination. However, calcium 
bentonite resulted in a lower optimum FCR response (4.03) than sodium bentonite (4.12) 
(Fig.4.2). As a consequence, layers fed diets fortified with calcium bentonites required 
less feed per unit of egg produced than those fed on diets fortified with sodium 
bentonites. These trends are consistent with earlier observations of Kermanshahi et al. 
(2007) and Barati et al. (2018) who reported similarly improved feed utilization and 
blood protein composition in layers due to mycotoxin decontamination. Arguably, the 
increased feed utilization could be attributed to the fact that aflatoxicosis is manifested 
through impaired enzyme-dependent calcium utilization, protein assimilation, and hepatic 
damage (Sharline et al., 1980). In fact, Zaghini et al. (2005) and Khan et al. (2014) 
reported an impairment in protein synthesis and pancreatic digestive enzyme production 
due to chronic aflatoxicosis in poultry. Therefore, among the test bentonites, calcium 
bentonite possibly poses a greater improvement in the aflatoxicosis-induced decline in 
calcium utilization and protein synthesis than sodium bentonite. Hence, the disparities in 
responses in both hen day egg production and feed conversion ratio among the binders reflect 
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4.4.1 Hen day egg production and feed utilization
Although several bentonite clays have been evaluated for aflatoxin decontamination, 
nothing is known about the influence of the Albertine bentonite clays of Uganda in layers 
fed aflatoxin-contaminated diets. Even though there were no significant trends in live 
weight gain variations, results from this study display linear responses in the hen day egg 
production due to Albertine bentonite clay inclusion (Table 4.1). This is supported by the 
fact that layers are bred to convert feed nutrients into egg production rather than body 
muscles. These results are in agreement with previous reports (Verma et al., 2003; Chen 
et al., 2014), which also indicated that egg production increased due to mycotoxin 
decontamination without noticeable variations in layer weight gains. The increase in hen 
day egg production is perhaps due to the fact that bentonites mitigate aflatoxicosis- 
induced declines through improving the enzyme-dependent egg development processes 
and nutrient assimilation in the layers (Khan et al., 2010; Chaudhry et al., 2011).
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the ability of the Albertine bentonite clays to sequester aflatoxins though slightly inferior to 
the commercial binder. Furthermore, the linearity in FCR response implies that optimum 
inclusion levels of the bentonites are obtainable beyond close to 2.0% inclusion levels of 
the bentonite clays.

Whereas calcium bentonite clay inclusion resulted in a higher optimum response in egg 
weight (52.9 g) than the commercial binder (52.3 g), the commercial binder exhibited a 
higher optimum egg mass per bird (1.83 kg) than calcium bentonite clay (1.73 kg). This 
implies that improved egg weight due to calcium bentonite clay inclusion could be at the 
expense of hen day egg production percentage. In this study, the observed trends in the 
egg weight are in agreement with findings elsewhere (Hamdi et al., 2015) who also 
reported higher egg weight and egg mass per bird due to the abundance of calcium in 
layer diets. Therefore, in addition to aflatoxin decontamination, calcium bentonite clay 
also provides additional calcium which corrects the aflatoxicosis-induced blood calcium 
deficit. Yet, aflatoxicosis is reported to cause a reduction in calcium and phosphorous in 
circulation in the blood (Eraslan et al., 2005). However, calcium and phosphorous are 
key compliments in egg synthesis as well as feed utilization in poultry (Hamdi et al., 
2015). Therefore, in addition to aflatoxin sequestration, calcium bentonite clay also 
corrects the aflatoxicosis-induced calcium deficit in layers hence outperforming sodium 
bentonite clay in layers.

The trends in egg weight and egg mass per bird with binder inclusion (Table 4.1) reveal 
that aflatoxin binder inclusion increases the performance in the egg production indices. 
Although similar trends in egg weight were reported by Verma et al. (2003), calcium 
bentonite clay inclusion resulted in a relatively higher egg weight than sodium bentonite 
clay but comparable to the commercial binder. Such disparities could be attributed to the 
higher effectiveness of calcium bentonite clay in aflatoxin decontamination due to its 
better lattice separation and release of exchangeable calcium (Billey et al., 2006; 
McClure, 2014). Subsequently, the released calcium from calcium bentonite alleviates 
the aflatoxicosis-induced calcium insufficiency hence improving feed utilization as 
earlier reported by Hamdi et al. (2015).

4.4.2 Egg weight and egg mass per bird
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The variations in eggshell percentage with aflatoxin binder inclusion levels suggest that 
eggshell formation and egg calcium depositions are influenced by the extent of aflatoxin 
decontamination. Largely, the observation is in agreement with the findings by 
Chowdhury & Smith (2004) and Zangihi et al. (2005), who reported a reduction in 
eggshell mass due to chronic aflatoxicosis. Furthermore, chronic aflatoxicosis results in 
hepatic damage and a reduction in hepatic zinc levels in poultry (Goel et al., 2005). Yet, 
the enzyme-dependent conversion of bone calcium into egg calcium is grossly affected 
by the generation and composition of zinc bicarbonate (Joose, 1983). As a consequence, 
the increase in shell percentage due to aflatoxin decontamination could have resulted in 
the enhanced conversion of bone calcium into egg calcium through reversing hepatic 
damage and improving zinc carbonate generation.

The comparable responses in egg mass per bird between calcium bentonite clay and the 
commercial binder (Fig 4.2) could imply that the increase in egg weight due to calcium 
bentonite clay inclusion is at expense of hen day egg production. This could imply that 
the effect of aflatoxin decontamination by CaB outweighs its effect on improved calcium 
availability and utilization. Although no similar study has reported on this before, such 
responses can be attributed to the fact that aflatoxicosis causes cytoplasmic vacuolation 
of the hepatocytes through impaired lipid transport and synthesis (Tung et al., 1972; 
Kumal, 2009). This impairment is accompanied by lipid deposition in the liver, which 
suppresses the lipid levels in the blood circulation (Tung et al., 1972). This implies that 
calcium bentonite inclusion improves enzyme-dependent phospholipid and cholesterol 
synthesis in the liver (Kumal, 2009). Since Phospholipids and cholesterol are key 
requirements in egg formation, it implies that egg mass per bird could be affected by the 
antagonism of these metabolic pathways (Abdel et al., 2012). Probably, the 
aflatoxicosis-induced calcium deficit inhibited phospholipid metabolism and cholesterol 
synthesis synergistically affected the egg quality indices in the experimental layers. It’s 
therefore the correction of these metabolic defects through the addition of CaB at 1.86 % 
inclusion level which yields the best response in egg mass hence the feed utilization.

4.4.3 Effect on the eggshell percentage
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Results from this study indicate that feeding aflatoxin-contaminated diets greatly affects 
egg production and eggshell quality characteristics in layers. Since this was the first study

On the other hand, the greater variation in eggshell thickness due to calcium bentonite 
clay inclusion implies that calcium is the first limiting nutrient in the eggshell formation 
process. Arguably, shell formation is the fastest bio-ceramic calcifying process among 
biological systems (Hincke et al., 2012). So, the completed eggshell is deposited daily 
through ion transport across the uterine mucosa during its daily production cycle (Bar, 
2009; Hincke et al., 2012). However, the aflatoxins have been reported to interfere with 
the absorption and transportation of calcium and phosphorous (Huff et al., 1975) as 
well as interfere with vitamin D3 metabolism (Verma et al., 2003). Therefore, the 

resultant increase in shell percentage could be attributed to the improved utilization of 
Chole-calciferol hence the increase in 25hyroxy vitamin D and l,25hyroxy vitamin D 
levels (Talapatra et al., 2016). As a result, the increase in the composition of 25hyroxy 
vitamin D and l,25hyroxy vitamin D levels increases the composition of calcium and 
phosphorous in blood circulation (Eraslan et al., 2005). Therefore, in addition to aflatoxin 
decontamination, the calcium supplementation by the calcium bentonite possibly 
improved dietary calcium utilization in layers, which corrected the aflatoxicosis-induced 
calcium deficit.

The slightly lower response in eggshell thickness and percentage due to sodium bentonite 
inclusion indicates that it had lower aflatoxin decontamination and calcium 
supplementation capacities than calcium bentonite. This can further be supported by the 
fact that aflatoxins inhibit the synthesis of calcium-binding phosvitins, which are 
synthesized by the cells in the liver tissues (Chowdhury & Smith, 2005). Since the liver 
tissues are the primary targets by aflatoxins, damage to these cells also could account for 
the observed disparities. Likewise, aflatoxins have also been reported to deplete vitamin 
A, which vitamin is known to maintain the shell gland mucosal secretory activities 
(Pimpunkdee et al., 2004). Therefore, the observed disparities in eggshell composition 
could be attributed to vitamin A-related utilization and calcium-binding phosvitins 
deficiencies in the layers.
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of its kind in layers, results indicate a high potential for utilization of the bentonite clays 
in the decontamination of aflatoxin-contaminated feeds. The results imply to mean that 
Albertine bentonite inclusion reduces aflatoxicosis-induced decline in laying performance 
eggshell quality indices. Therefore, the Albertine bentonite clays can be effectively used 
in improving the utilization of aflatoxin-contaminated layer feeds. However, overall 
results indicate that calcium bentonite is more efficacious than sodium bentonite and 
greatly comparable to the commercial aflatoxin binder. Hence, based on the feed 
conversion ratio, the inclusion of calcium and sodium bentonites from the Albertine 
region at inclusion levels of 1.83 and 1.76%, respectively to aflatoxin-contaminated feeds 
results in optimum layer performance.



CHAPTER FIVE

General discussion, conclusions, and recommendations5

5.1 General discussion

68

Whereas several studies have suggested the use of biological aflatoxin degradation 

approaches, such decontamination methods have equally had a multitude of criticisms 

(Shetty, 2006). The limitations of such approaches have been attributed to their 
mechanisms of decontamination which result in alterations of the nutritive value of the 

feeds (Yan-Ni, 2008). Yet, aflatoxin decontamination approaches should be effective 

under low binder inclusion levels with no significant alterations in the nutritive values and 

acceptability of feeds. In addition, any effective detoxification approach must be 

economical, accessible, and capable of eliminating a broad spectrum of toxins. For these 

reasons, bentonites have been identified to best mitigate aflatoxicosis since they have been 

reported to be closest to meeting such requirements. Therefore, since the extraction and

Aflatoxicosis in poultry is associated with reduced productive performance and vaccine 

efficacy. The performance decline is attributed to the fact that aflatoxicosis affects the 

utilization of key nutrients like proteins, carbohydrates, calcium, and phosphorous. As a 

result, the compromised nutrient utilization hence the decrease in productivity affects the 

profitability of the poultry enterprise. However, the aflatoxin contamination thresholds 

beyond which binder inclusion is necessary are not established. Similarly, the optimum 

bentonite inclusion levels in aflatoxin-contaminated diets are not well defined as well 

(Williams et al., 2004). On the contrary, the performance broilers are less affected by low 

aflatoxin contamination levels while layers are highly affected by even low aflatoxin 

contamination levels. But, even such low-level aflatoxin exposures have been observed to 

significantly affect feed utilization and vaccine efficacy in both layers and broilers just 
like it was reported by Oguz et al., (2003). Moreover, poultry productivity is largely 

dependent on feed utilization efficiency whereas survival is highly dependent on vaccine 

efficacy and tolerance to microbial stress. Therefore, since feed utilization, vaccine 

efficacy, and microbial tolerance are affected by aflatoxicosis, aflatoxin decontamination 

remains a key requirement for improved poultry productivity.
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utilization of Albertine bentonites as aflatoxin-binders is still in its infancy, it implies 
that adoption of the technology largely depends on bridging the information given the 
trend in the growth of the Ugandan oil industry.

Besides feed utilization, results from these studies also indicated an increase in feed 
intake, feed conversion ratio, and protein utilization due to increased aflatoxin 
decontamination levels. Whereas broilers have been observed to be less responsive to 
dietary toxin-related influences on feed utilization, laying hens were highly sensitive to 
dietary toxicity. This implies that the broilers had a higher degree of tolerance to chronic 
aflatoxicosis than the layer birds. Arguably, broilers tend to consume to maximum gut fill 
unless limited by acute toxicities and disease factors while layers could be limited by 
mild toxicities as reported by Ferket &Gemat, (2006).

Identified as cheap wastes from oil extraction, results from these studies have indicated 
that the Ugandan bentonites are effective aflatoxin decontamination agents. This implies 
that bentonite utilization has the potential to offset the aflatoxicosis-induced increase the 
poultry production costs. This is justified by the fact that most poultry farmers stabilize 
production costs through bulk feed purchase (Katongole et al., 2012). However, their post­
harvest and feed storage conditions predispose the feeds to aflatoxin contamination. 
Moreover, according to Byarugaba (2007), aflatoxin contamination in poultry feeds has 
been reported to be the biggest threat to poultry production in Uganda. But, as earlier 
reported the reduced feed utilization efficiency and decreased vaccine efficacy which is 
due to aflatoxicosis greatly contribute to the increased costs of production. Therefore, in 
response to this threat, the study focused on evaluating the effect of adding the cheap 
Ugandan bentonites on poultry performance and identifying the optimum inclusion levels 
of these bentonites into the aflatoxin-contaminated diets.

On the other hand, similar trends in the Newcastle and IBD antibody titers as well as 
relative organ weights were observed. This implied that the addition of Ugandan 
bentonites improved vaccine potency hence the survival of the experimental birds. Such 
an observation can be explained by the increased tolerance to microbial and 
environmental stress as earlier reported to be affected by aflatoxicosis. Consequently, the
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Therefore, as farmers tend to improve profitability in a commercial poultry enterprise 
they should be able to cheaper inputs without compromising performance 
(Thirumalaisamy et al., 2016). Moreover, the Ugandan bentonites were observed to be 
comparable to the commercial bentonites in performance yet they are wastes obtained

risks of losing birds to infectious challenges can be mitigated through the inclusion of 
bentonites in contaminated feeds.

The observed improvement in feed utilization and survival of the experimental birds 
treated with the test bentonites consequently confirms the ability of the bentonites to 
sequester aflatoxins through binding. Furthermore, calcium bentonite had a better 
performance than sodium bentonite on both layers and broilers. Arguably, such a 
performance was not only attributed to its better lattice separation but also the ability of 
calcium bentonite to offset the calcium deficit created by aflatoxicosis. Similarly, the 
increased eggshell percentage and feed conversion efficiency in layers implied that 
calcium bentonite could also become a potential source of calcium for layers besides 
aflatoxin decontamination. Results from both studies hence are interpreted to mean that 
layer productivity was more responsive to aflatoxicosis than broilers productivity. 
Consequently, this was due to the fact that broilers were exposed to contaminated feeds 
for a shorter time (7 weeks) than the layers which spent more than 30 weeks in 
experimentation. Moreover, the effects of aflatoxicosis are largely dependent on the 
duration of exposure as well as levels of contamination.

Consequently, as poultry farmers embrace the bulk feed purchase strategies to stabilize 
poultry production costs, they also need to adopt bentonite inclusion to cub the 
aflatoxicosis-induced production decline. Unfortunately, most commercial poultry 
farmers have not embraced this technology. This is due to the fact that most farmers lack 
information about the dangers of aflatoxicosis as well as the ability of Ugandan 
bentonites to mitigate these dangers. On the contrary, the few informed fanners have 
adopted the utilization of commercial feed additives, which include the expensively 
imported commercial binders in addition to the antibiotics. Possibly, it is because such 
farmers have been impacted by extension messages which made them appreciate the role 
of aflatoxin binders given the high levels of aflatoxin contamination reported in the feeds.
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during the petroleum drilling process. Ultimately, the use of these bentonites in aflatoxin 
decontamination has the potential to improve the self-sufficiency of Ugandan poultry 
farms by reducing their dependence on imported toxin-binders.



5.2 Conclusion

5.3 Recommendation and further studies

5.3.1. Recommendation

1.

2.

3.

4.

5.

5.3.2
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The areas of further study arising from this research include, but are not limited to the 
Characterization of all Ugandan bentonites based on their mycotoxin binding abilities.

Commercial poultry production is greatly constrained by the high levels of aflatoxin 
contamination in commercial feeds. As a coping strategy to this challenge, some of the 
elite farmers resort to using less accessible and expensive commercial toxin binders. 
However, the performance of calcium bentonite clay is exceedingly comparable to that of 
the commercial aflatoxin binder. This implies that there is a great potential in the 
utilization of the readily available inexpensive Albertine bentonite clay of Uganda in 
poultry diets. This is justified by the fact that Albertine bentonite clay inclusion was 
effective in mitigating the aflatoxicosis-induced decline in commercial poultry 
performance thus underscoring the utmost need to use commercial aflatoxin binders for 
decontamination. Therefore due to disparities in their performance, Albertine bentonite 
clays can be included at 1.5 and 1.7% inclusion levels of NaB and CaB, respectively in 
the broiler diets while in layer diets optimum performance is achievable at 1.76 and 
1.83% inclusion levels of NaB and CaB, respectively.

Given the levels of aflatoxin contamination in the Ugandan poultry feeds, the 
addition of aflatoxin binders is unavoidable.
Farmers need to adhere to proper feed storage practices to lower the risks of 
aflatoxin contamination.
Smallholder poultry farmers can use Albertine bentonites to mitigate the 
aflatoxicosis induced performance decline in commercial poultry
The Albertine bentonites should be characterized, further purified for enhanced 
aflatoxin adsorption to acquire optimum responses at relatively lower inclusion 
levels.
Farmers and poultry feed dealers need to be trained in techniques of feed 
processing and storage to ensure lower aflatoxin contamination levels.
Further studies
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Appendix 1: Dehulled ground nuts after soaking (a), after 7 day incubation, (b)

a



Percentage Composition of key elements in calcium and sodium bentonitesAppendix 2:

Nutrient Fish meal Soybean meal Maize Maize bran

Dry matter (g/kg) 925 890 915 918
Crude protein (g/kg DM) 703 503 96 139

105 12 33 49
216 88 21 57
801 397 98 109
40 7.3 52 39
196 192 189 191
40.2 41 54 43

87

Crude fat (g/kg DM)

Ash (g/kg DM)

Nitrogen free extract (g/kg DM)

Phosphorous (g/kg DM)

Gross energy (MJ/kg DM)

Calcium (g/kg DM)

Appendix 3: Determined nutrient composition of ingredients used in experimental diet 
formulation

Sodium bentonite 
(NaB) 
51.21 
4.49
I. 37 

8.342 
22.22 
2.74 
0.30 
0.38 
0.39 
3.46 
0.12 
0.00 
0.00
II. 9

Element (%)
O
Na
Mg
Al
Si
Cl
K
Ca
Ti
Fe
Cu
Zn
S
Na/Ca ratio

Calcium bentonites 
(CaB) 
48.76 
1.78 
1.50 
9.07 

25.85 
1.25 
0.55 
1.99 
0.85 
6.85 
0.76 
0.90 
0.0 

0.89


