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GENERAL ABSTRACT 

The use of non-conventional feed sources in poultry farming has a beneficial impact on 

sustainably improving nutrient supply in poor communities in South Africa. Fulvic acid (FA) 

is one of the feed resources which can promote animal performance by improving growth rate, 

immunity, feed efficiency and reducing the risk of infections, but its utility in broilers has not 

been fully assessed. This study was therefore, undertaken to investigate the effect of FA 

inclusion in broiler diets on growth performance, physiological and meat quality parameters. 

For six weeks, chickens were fed five isonitrogenous and isoenergetic experimental diets 

formulated as follows: negCON (T1): commercial diets without antibiotics, posCON (T2): 

commercial diet with antibiotics, FA1 (T3) commercial diet + 1% FA1, FA2 (T4): commercial 

diet + 2% FA and FA3 (T5): commercial diet with 3% FA. The feeding trial was conducted 

over 3 feeding phases, Starter (day 1-14); Grower (15-28) and Finisher ration (day 28-42). 

Birds fed the posCON diet had the highest (P < 0.05) ADFI (93.33 g) followed by those fed 

the FA2 (90.66 g) diet. Dietary inclusion on cumulative weight gain (CWG) in the final week 

revealed that birds fed the FA2 (1897.34 g) diet gained at the same level as those fed the 

posCON (1932.74 g) diets and birds in both treatments achieved similar final weights at the 

end of the feeding trial. Dietary inclusion treatments significantly influenced protein utilization 

and growth efficiency parameters in all the three growth phases apart from the protein 

efficiency ratio (PER) in the grower phase, the protein consumed (PC) and the specific growth 

rate (SPR) at the finisher phase. Chickens offered the negCON (44.05) diet had the highest 

platelet count, while broilers offered the FA3 diet had the lowest platelet count values. Birds 

fed the posCON, FA1 and FA2 diets had statistically similar values for platelet counts with 

FA3 having the least value. Dietary treatments significantly (P <0.05) affected the glucose 

concentration, symmetric dimethylarginine (SDMA), alanine transaminase (ALT), alkaline 

phosphatase (ALP), phosphorus and lipase concentration. The SDMA was observed to decline 



III 
 

with increasing levels of FA inclusion in diet with the birds fed the FA3 (6.87 μg/dL) diet 

having the lowest levels of SDMA compared with all other diets. Diet had a significant effect 

(P <0.05) on all measured carcass characteristic parameters apart from the dressing percentage, 

chilling loss percentage and the thigh index. Chickens fed the posCON diet (1959.27 g) 

obtained the highest slaughter weights, followed by those offered the FA2 diet (1942.10 g), 

while broilers offered the negCON diet had the lowest (1789.25 g) value. Chickens offered 

posCON (42.61) diet had statistically similar values for lightness as with those fed FA1 (42.62) 

and FA3 (42.54) diets. However, the birds fed the FA2 (41.90) diets appeared to have darker 

breast muscle compared to all other treatments. Findings from this study illustrate that the 

experimental diets cooperated with FA inclusion revealed an increase in total PUFA/SFA ratio 

compared to the control diets. However, diets consisting of FA reduced the total n-3/n-6 ratio 

in all the FA treatments with FA2 having a ratio of 5 in the n-3PUFA, resulting in a beneficial 

impact on the important fatty acid needed for human and animal health maintenance. Results 

showed that diet had no effect on latency to lie, feather and gait scoring test. The highest latency 

to lie was observed in broilers fed the positive control diet with the highest standing persistence 

observed in broilers fed FA2 followed by FA3. Diet showed no dietary influence on all micro 

and macro minerals apart from phosphorus, iron and molybdenum. Serum calcium levels were 

higher in all the diets containing FA compared to the control. FA inclusion in diets also 

increased calcium levels and ash concentration with increment levels. Overall, the inclusion of 

FA in broiler diets did not compromise the nutrient utilization efficiency, broiler performance, 

health status, meat quality traits, internal organs, carcass traits and bone development of broiler 

diets. Collectively, findings from this study may be useful in developing low-cost feed formulas 

that will benefit customers and enhance future chicken farming systems for growth 

performance, health status, carcass features, meat quality. 
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CHAPTER ONE 

1.  GENERAL INTRODUCTION 

1.1 Background 

Commercial growth promoters and feed additives have been commonly used in extensively 

large-scale broiler production units to stimulate growth, health and general productivity 

(Dibner & Richards, 2005). However, their continuous usage is becoming a cause of concern 

among consumers as they are increasingly inducing persistence of residues in poultry products 

and increased microbial resistance (Alloui et al., 2014). This has resulted in a ban of the use of 

antibiotic growth promotants (AGPs) by European Union (EU) in 2005. The exclusion of AGPs 

has stimulated great efforts by researchers to explore effective alternatives to antibiotics 

(Yanga et al., 2019). Many attempts have now been made in assessing the efficacy of 

alternatives to commercial growth promotants and performance enhancers including the 

potential use of natural phytogenic essential oils or phytobiotics, organic acids and pre and 

probiotics (Mpofu et al., 2016; Disetlhe et al., 2018). As early as the 1950s, AGPs were 

commonly used in food-animal production systems all over the world to develop growth and 

animal performance (Van et al., 2020; Zommiti et al., 2020). Amid the growing consumer 

concerns on antibiotics use, numerous alternative feed additives have been suggested including 

organic acids, which are naturally occurring compounds such as acetic, lactic, propionic, 

butyric acids and humic elements which includes humic and fulvic acid (Polycarpo et al., 

2017). 
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Fulvic acid (FA) is one of the organic humic substances that is receiving much attention as an 

alternative AGPs due to their chemical composition and characteristics. These include among 

others, their ability to improve animal production performances by enhancing growth rate, 

boost feed efficiency and immunity, and weaken the risk of infections (Islam et al., 2005; 

Vucskits et al., 2010; Kunavue et al., 2012). FA is obtained from humic substances, which are 

a class of high molecular weight, heterogeneous organic substances that occur naturally 

(Ukalska-Jaruga et al., 2021). The bacterial and chemical degradation of lignin and other 

structural plant carbohydrates within the subsoil are responsible for forming the intermediate 

products of humic acid and FA (Kunavue et al., 2012). Several reactive groups functional 

groups, such as phenols, hydroxyls, carboxyls and quinones are present in these organic 

substances (Jusadi et al, 2020). These reactive groups indicate that FA may select from a 

variety of advantageous effects, including stress management Plaza et al. (2005), 

immunostimulation, metal chelation, antioxidant mechanism Chang et al. (2013), Mao et al. 

(2019), induction of efficient intestinal permeability and improved gut function (Winkler et al., 

2018). It is therefore, imperative to evaluate the efficiency of FA usage as a potential alternative 

growth promotant in Cobb 500 chickens. 

The effect of dietary FA inclusion in diets on growth performance traits of broilers was 

assessed. The results showed that inclusion levels of FA in broiler diets had no negative effects 

on growth performance and protein utilisation efficiency. Diet significantly affected all 

measured carcass parameters apart from the dressing percentage, chilling loss percentage and 

the thigh index. Results showed that broilers fed the FA2 and FA3 diets appeared to have the 

highest standing persistence, indicating that the inclusion of FA in two experimental diets led 

to the optimum bone strength qualities 
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1.2 Problem statement  

The increasing consumer concerns of the use of AGPs in broiler meat production, which has 

led to the ban of AGPs in the European Union Yanga et al. (2019) has stimulated immense 

efforts by scientist, researchers, and industries in search of potential alternatives to AGPs, 

particularly naturally occurring compounds. FA can be used as a potential alternative to the 

conventional antibiotics. The functional groups in the acid, such as carboxyl, phenol, hydroxyl, 

amine, and quinine can alter meat quality characteristics in Cobb 500 broilers (Hanim et al., 

2012; Gasco et al., 2020). Some research has suggested that FA may be utilized as a natural 

feed supplement in animal production to protect against infections and poisoning Arief et al. 

(2019) as well as increasing nutrient utilization and growth performance (Winkler et al., 2018). 

Nevertheless, there is general lack of scientific evidence of their potential use in the broiler 

industry. Although there is vast amount of evidence of the potential of other organic acids as 

growth promoters, their effects are rather specific and cannot be generalised because their 

chemical composition and origins differs. Due to this fact, assessment of the efficacy of FA as 

a potential growth promoter is imperative.  

 

1.3 Justification 

In recent years, concerns about antibiotic usage long term effects on the environment and 

possible risks to human health have grown (Kadykalo et al., 2018; Marshall & Levy, 2011). 

Therefore, researchers are in constant pursuit of potential naturally occurring compounds, to 

eliminate pathogenic resistance found in poultry by products and to improve broiler 

performance, carcass characteristics, blood parameters and intestinal enzyme activity as a non-

antibiotic option. Generally, there is vast amount of empirical evidence of the potential of some 

organic acids as growth promotants. However, the effects of various organic acids are rather 

specific because their chemical composition differs and cannot be generalised to all other 
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untested organic acids. The use of FA as a substitute feed additive in animal production, is still 

at its infant stage, therefore, it is of importance to gather as much information on the positive 

effects as it may have on broilers to improve its integration in the poultry production systems. 

Knowledge of the utilization of FA is expected to provide a sustainable and safe approach to 

commercial poultry production. The information from this study may also provide ways in 

which FA can be incorporated in broiler diets for optimum productivity and provide advanced 

knowledge on the influence of FA on growth traits, physiological, meat quality parameters and 

bone development in broiler chickens. 

1.4 Objectives of this study 

The study evaluated the effect of FA inclusion levels in broiler diets, growth performance, 

physiological parameters, meat quality and bone development in broilers. 

 

Specific objectives 

(a) To determine the effect of FA inclusion in diets on growth performance, protein 

utilization efficiency and health. 

(b) To investigate the effect of FA inclusion in diets on carcass characteristics, meat quality 

characteristics and fatty acids profiles of broiler meat.  

(c) To determine the effect of FA inclusion in diets on bone development and welfare in 

broilers. 

 

1.5 Hypothesis  

a) Inclusion of FA in broiler diets does not affect growth performance, and protein 

utilization efficiency and health. 

b) Inclusion of FA in broiler diets does not affect carcass characteristics and meat quality 

characteristics of broiler meat. 



 

5 
 

c) Inclusion of FA in broiler diets does not affect bone development, latency to lie, tibia 

characteristics and bone mineralization. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

Broiler meat is one major contributors to the meat basket for consumer and is widely consumed 

globally. Broilers are nutritionally demanding, albeit highly efficient feed converters, hence 

their diets are generally formulated to fulfil minimum nutritional requirements for muscle build 

up (Frempong et al., 2019). Antibiotic growth promoters (AGPs) inclusion in broiler feeds has 

been practiced over years, and this has enhanced optimisation of nutrient utilisation and general 

broiler performance. However, the continuous use and misuse of AGPs has raised anxiety from 

consumers, who are wary of the transference of antibiotic residues from the broiler meat to 

their body systems, affecting their health. Therefore, there has been increased interest in the 

exploration of alternatives to AGPs in animal nutrition. Among other alternative growth 

promotants, organic acids have been receiving much attention by researchers. One of the 

organic acids that has potential to be used in broilers is FA, which is an organic substance found 

in soil and natural water systems. FA is a subclass of diverse compounds known as humic 

substances, which are by-products of organic degradation from microorganisms (Senesi et al., 

1999). These organic substances contain many reactive functional groups, including phenols, 

hydroxyls, carboxyls and quinones (Jusadi et al., 2020). The presence of these reactive groups 

means that FA can elicit many beneficial effects, including induction of efficient intestinal 

permeability and improved gut function (Mao et al., 2019). The use of FA in this review 

evaluates it’s potential to serve as a potential growth promotant alternative in broiler diets. 

 

2.2 Use of feed additives in broiler diets 

Use of antibiotics as growth promoters in animal feeds has been permitted in the member states 

of the European Union during the last 50 years. AGPs have been effectively applied to increase 

growth rates and productivity in broilers and other livestock (Donoghue, 2003). However, 
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anxiety over the transference of residues from animal to human and increasing antimicrobial 

resistance and led to a ban in the use of antibiotics use as growth promoters in the European 

Union since January 1, 2006 (Swiatkiewicz et al., 2018).  Over the years, the increased usage 

of antibiotics as feed additives could cause bacteria to become resistant to the drugs used to 

treat infections (Banin et al., 2017). These resistant gene microbes could be harmful to people 

if they are assigned to individuals. Because of this, the World Health Organization (1997) and 

the Economic and Social Committee of the European Union (1998) have determined that the 

use of antimicrobials in food animals is a matter of public health. Examples of antibiotics often 

used in broilers and other livestock include penicillin, cephalosporins and aminoglycosides.  

 

2.3 Alternative feed additives 

In recent times, there has been an increase in livestock industry’s interest in the use of natural 

compounds either for direct addition or for use in synergy with other compounds in animal 

diets (Islam et al., 2005; Vucskits et al., 2010; Kunavue et al., 2012). Many attempts have now 

been made in assessing the efficacy of alternatives to commercial growth promotants and 

performance enhancers including the potential use of natural phytogenic essential oils or 

phytobiotics, organic acids and pre and probiotics (Mpofu et al., 2016; Disetlhe et al., 2018). 

It has been accepted that organic acids, as well as combinations of these acids and phytogenic 

feed additives, may serve as potential substitutes with unique mechanisms of actions. Organic 

acids are effective antimicrobials that have been illustrated to stop the growth of pathogenic 

bacteria in the gut and support a balanced gut microbiota (Islam et al., 2005; Vucskits et al., 

2010; Kunavue et al., 2012), while selected phytogenic feed additives including humic 

substances proved to be able to reduce inflammation and oxidative stress in animals, improving 

herewith the nutrient digestibility.  
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2.4 Humic substances as alternative growth promotants 

Humic acid (HA) and FA are two humic substances that have been suggested as alternatives to 

the antibiotics. These two acids belong to a group of organic humic substances that are 

receiving much attention as alternatives to AGPs because of their characteristics and chemical 

composition (Nardi et al., 2021). Based on its possible anti-inflammatory capabilities, studies 

show that HA has been employed as a neuron- or nephron-protective drug in clinical therapy 

(Ozkan et al., 2015). Recent research established that HA had substantial antiviral motion 

against the human immunodeficiency virus, which is currently untreated due to the absence of 

appropriate treatments (Dai et al., 2020). HA may cure certain clinical symptoms including 

diarrhoea, dyspepsia, and acute intoxication in horses, ruminants, swine, and poultry in 

veterinary medicine (Pettit, 2004). On the other hand, FA has also been utilized to boost growth 

rates, enhance the efficiency of feed and boost immunity, as well as elevating the economic 

and environmental advantages of animal production (Dai et al., 2020). Peat and various coal 

types, including lignite and weathered coal, are sources of HA and FA, it can increase animal 

performances by improving growth rate, feed efficiency, immunity and weakening the risk of 

infections (Vucskits et al., 2010; Kunavue et al., 2012). FA is obtained from the breakdown 

products of plant and animal remnants that have been extracted in an alkaline solution (humic 

Substance) Ukalska-Jaruga et al. (2021), which have low molecular weight component of 

humic substance, a short-chain molecule that dissolves in acids and bases (Hasan et al., 2020). 
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Figure 2. 1. Average molecular structure of HA (source Guan-qun Gong, 2020). 

 
 

 

                                          Figure 2. 2. Compound structure of FA.
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Subbituminous coals, ignites, peat, soil, composts, and raw organic wastes are only a few of 

the places, where they humic substances can be found (Rose et al., 2014). The bacterial and 

chemical degradation of lignin and other structural plant carbohydrates within the subsoil are 

liable for creating the intermediate products of HA and FA (Schellekens et al., 2017). Jusadi et 

al. (2020) stated that organic substances have many reactive functional groups, including 

quinine, phenol, hydroxyl, carboxyl and amine as well as the ability to combine heavy metals. 

However, the occurrence of these reactive groups in FA can stimulate countless valuable 

effects, including metal chelation Plaza et al. (2005), antioxidant action, stress management, 

immunostimulation, induction of efficient intestinal permeability, improved gut function and 

anti-inflammatory activities Chang et al. (2013) and Mao. (2019). However, the effects of FA 

as a natural feed additive have not been extensively researched in agriculture. Several studies 

pertaining to the positive effects of FA relate to their effects on aquatic animals; however, 

studies related to poultry production is limited. It is, therefore, important to evaluate the 

efficiency of use of FA as a potential alternative growth promoter in broiler chickens. 

 

2.5 Potential effects of fulvic acid 

2.5.1 Immunomodulation effects  

The most sufficiently investigated claim of FA is its capability to regulate the immune system 

(Winkler et al., 2018). Numerous diseases, including eczema, allergies, and asthma, can be 

brought on by immune cells that are overactive (Ngoc et al., 2005; Winkler et al., 2018). Anti-

inflammatory medications are essential in these situations for alleviating symptoms. According 

to several studies, FA can reduce inflammation by preventing cells from releasing pro-

inflammatory mediators. Following exposure to the endotoxin Lipopolysaccharide (LPS), 

differentiated human monocytes (U937) have been demonstrated to express less tumour 
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necrosis factor alpha (TNF-alpha) when FA, at 200 g/mL, is added (Junek et al., 2009). FA has 

also been demonstrated to decrease the secretion of prostaglandin E2 (PGE2) and 

cyclooxygenase 2 (COX2) in prime human monocytes after homocysteine stimulation (Chien 

et al., 2015; Winkler et al., 2018). FA from solubilized sludge (SS-FA) has been found to 

decrease B-hexosaminidase and histamine production in mast cells and basophil cells that have 

been immunoglobulin-E-sensitized (Winkler et al., 2018). These findings imply that FA may 

have anti-inflammatory and anti-allergenic properties. According to a pilot clinical research, 

oxifulvic acid, which is generated from coal, at 4.5% (w/w), lowers wheal and flare size after 

allergen challenge in people (Snyman et al., 2002). A decrease in FA produces effects 

comparable to those of 1% hydrocortisone. 
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Figure 2. 3. The origin of humic substances and the relationship among them. 

 

 

Mice have also demonstrated FAs anti-inflammatory effects (Van Rensburg et al., 2001; 

Winkler et al., 2018). According to Gandy et al. (2011), topical treatment of CHD-FA has been 

verified in a randomized clinical trial, to significantly lessen eczema rash in people. 

Additionally, oral administration of the South African CHD-fulvic acid at a dose of 100 mg/kg, 

can diminish paw oedema in rats at a level comparable to that of nonsteroidal anti-

inflammatory medicines (Sabi et al., 2012; Winkler et al., 2018). The afore mentioned research 

suggests that FA may be used to treat autoimmune diseases, particularly eczema (Winkler et 

al., 2018). 



 

    
 16 

 

 

 
 

 

Figure 2.1. Potential effects of fulvic acid on immune system in different animal species. 

 

2.5.2. Oxidative stress 

According to Reuter et al. (2010), oxidative stress and chronic inflammatory disorders are 

strongly associated. Metcalfe et al. (2010), defined oxidative stress as the disparity among 

highly reactive oxygen species (ROS) and antioxidants. Endogenous antioxidants like 

glutathione (GSH) and superoxide dismutase (SOD), lose out as the cellular balance swings 

towards higher ROS. According to Dotan et al. (2004), this results in cellular malfunction, lipid 

peroxidation, and perhaps, even cell death. Figure 2.5 summarizes the effects of FA on the 

oxidative state in cells and animals. 
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                                      Figure 2.2. Potential effects of FA on oxidative stress. 

 

 

 

 

Superoxide radicals and other ROS have been shown to be retained by FA outside of the cell 

(Rodrguez et al., 2011). However, FA may dissociate the electron transport chain in the liver 

mitochondria inside the cell, which is related to a reduction in ROS production (Klaine et al., 

2008). In addition, the decrease in oxidative stress indicators following isoproterenol (ISO), 

caused cardiac injury in rats, which is the most encouraging thing in vivo studies in terms of 

the antioxidant capacity of FA. According to Shikalgar & Naikwade (2018), feeding chickens 

FA at doses of 300 mg/kg/day for the duration of 30 days, reduces cardiac damage and lipid 

peroxidation markers following ISO while also markedly raising SOD levels. Another study 

supports this finding by showing that when FA was administered to fish for 60 days, lipid 
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peroxidation was reduced and the production of SOD, CAT, and glutathione peroxidase was 

increased (Gao et al., 2017). 

 

2.5.3. Gut health 

 

The gut serves as a transitional zone between the outside world, the microbiome, and the host. 

Inflammation and disease are linked to poor gut health, according to literature (Round & 

Mazmanian, 2009: Winkler et al., 2018). FA has been demonstrated to promote gut flora, 

nutritional absorption, and the healing of gut disorders (Winkler et al., 2018). Regarding the 

microbiota, limited literature exists in animals. Gao et al. (2017) reported that FA at 1.5% 

(w/w), can alter the intestinal flora of the loach (Paramisgurnus dabryanus fish). Proteobacteria 

phyla are less prevalent and firmicute levels are higher in the colon after 60 days of feeding. In 

addition, FA therapy affected 10 different bacteria genera. The bacteria Variovorax, 

Lactococcus and Lactobacillus have increased, while Serratia and Acinetobacter have 

decreased (Winkler et al., 2018). The data that is now available on the impact of FA on 

intestinal health is summarized in Figure 2.6 below.  

 

 

                                             Figure 2.3. FA effects on gut health. 
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The movement of gastric enzymes such lysozyme, proteases, and acid or alkaline phosphatases 

in fish is increased by FA (Gao et al., 2017). A thorough investigation of nutritional 

digestibility in pigs (Kunavue et al., 2012) lends support to this. In animal models, FA has also 

been demonstrated to affect the bioavailability of heavy metals. FA can both increase copper 

absorption and decrease lethal copper in swine oviductal epithelial cells (Sanmanee & 

Areekijseree, 2010). FA has also been demonstrated to mediate medication transport in rats in 

addition to nutrients (Mirza et al., 2011). Common anticonvulsant carbamazepine (CBZ) has a 

limited bioavailability, but when it is coupled with FA, absorption across an everted rat 

intestinal sac rises along with blood plasma levels of CBZ. 

 

According to the latest research by Winkler et al. (2018), FA has been shown to boost nutrient 

and medication absorption, making it dangerous for contaminants and toxins to enter the 

bloodstream. However, according to Qiang et al. (2016), FA did not escalate the immersion of 

perfluorooctanesulfonate (PFOS) in carp. This finding was made in light of the difference 

between the concentration of PFOS in fish faeces and controls. There is a preliminary clinical 

study looking at the effectiveness of probiotics combined with FA in treating gastrointestinal 

(GI) diseases (Kim et al., 2006). Unfortunately, neither the gastrointestinal quality of life index 

(GIQLI) nor the visual analogue scale (VAS) scores for GI symptoms increase in any group, 

even those who get FA. However, FA had no impact in the previous investigation, FA herein 

its extraction from Shilajit showed promise as an antiulcerogenic agent in a battery of albino 

rat battery tests (Winkler et al., 2018). 
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2.5.4 Bone development and incidents of bone disease 
 

Organic acids, such as FA, have also been shown to enhance mineral assimilation and bone 

matrix mineralization during digestion (Nkukwana et al., 2014). Poor bone growth can 

frequently be caused by a diet low in certain minerals, such as calcium and phosphates 

(Muszyński et al., 2018). Additionally, inadequate dietary calcium can cause blood 

hypocalcemia, which can impair bone mineralization and strength. The metabolism and 

structure of bones are significantly influenced by phosphorus and calcium, and phosphorus is 

crucial for the storage of energy (Ciosek et al., 2021). The broiler industry, particularly in rapid 

growth chickens, has recognized bone conditions related to leg weakness as a serious issue, 

because of the reduction in productive efficiency brought on by mortality and culling, which 

reduced economic profits and raised questions about the welfare of chickens (Selaledi et al., 

2020). According to Selim et al. (2022), bone related issues is one of the major concerns for 

poultry breeders of broiler chickens. Tibia dyschondroplasia rickets and valgus deformities, leg 

breakage and osteoporosis are some of the disorders, which results in lameness of chickens, 

resulting in poor performance on broiler chickens (Fleming, 2008).  According to Barve et al. 

(2017), the origin of the broiler weakness on legs and reduced movement is not well 

understood, as it is associated with numerous issues including, amino acid (AA) metabolism, 

genetic modification, management and insufficient nutrition by pathological aliment of 

different organs. 

 

2.5.5 Potential of fulvic acid as ethnomedicine 

For around 3000 years, FA has been used gradually in Ayurvedic therapy in India for both 

Homo sapiens and animals (Wilson et al., 2011). Shilajit is a tar-like exudate from the 

Himalayas that is used medicinally and contains about 15-20% FA. Shilajit may have 

immunomodulatory, antioxidant, diuretic, antihypertensive and hypoglycaemic properties, 
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according to ancient writings (Wilson et al., 2011). It has been reported to have analgesic and 

antimicrobial properties when used externally (Batiha et al., 2020).  Stohs (2014) suggest that 

the intake of Shilajit is safe, although Wilson et al. (2011) note that the pharmacological dosage 

of such compounds is still unclear. Despite this lack of knowledge, Shilajit/FA is being 

currently offered to the general population as a nutraceutical (Pena-Mendez et al., 2005).  The 

goal of recent scientific study has been to increase poultry production (Elnesr et al., 2022). The 

diet of poultry includes various feed additives, such as humate compounds (HS). The effects 

of FA supplementation on productivity and intestinal morphology appeared beneficial 

(Hajiaghapour & Rezaeipour, 2018; Hazrati et al., 2020). Increasing usage of artificial growth 

promoters and antibiotics has always been linked to increased broiler production (Mehdi et al., 

2018). As a result of the linked health conditions, the safety and quality of meat are starting to 

be questioned by the public, this has therefore, made it necessary to evaluate how natural 

antibiotics are used in poultry production. According to Gao et al. (2018), humic compounds 

include FA, which is a kind of humic acid. Humic substances are straw-coloured, aquaphobic 

organic acids produced mostly from soil humus and plants, and they often make up a significant 

amount of the natural organic material found in soils, residues and waters (Jusadi et al., 2020). 

Humic compounds are utilized in animal husbandry methods as alternative feed additives to 

boost animal output by enhancing growth rates, feed efficiency, and immunity. Chosen 

phytogenic feed additives, including humic compounds, have shown to lower inflammation 

and oxidative stress in animals, Organic acids are strong antimicrobial constituents Vucskits et 

al. (2010) and Kunavue et al. (2012), which play a crucial role in enhancing the nutritional 

digestibility while also preventing the formation of pathogens in the gut and supporting a 

healthy gut microbiota.  

 

https://onlinelibrary.wiley.com/doi/full/10.1111/jpn.13543#jpn13543-bib-0015
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2.5.6 Influence on blood parameters and health  

The primary factors influencing the sustainability of poultry production are diseases control 

measures and performance. Therefore, it is of economic importance to improve livestock 

performance, particularly in broiler production, without compromising their health status, 

specifically blood metabolites. Poultry farmers frequently look for less expensive alternative 

ingredients to feed their chickens without considering the anti-nutritional factors (ANFs) 

present in different diets that can have a negative influence on the haematological parameters. 

According to Marcin et al. (2021), humic substances administered as feed additives, can 

positively alter parameters of animals. Enriching the ability of animals to grow depends on HA 

and FA sources found in humic substances. Published results demonstrated various 

observations of the use of humates in the improvement of broiler production in several 

parameters including blood metabolites and their potential benefits in improving the health 

status and wellbeing in animals. According to Wang et al. (2008), humic substances positively 

affect the animal’s immune system. Humic substances’ action mechanism is linked to their 

ability to form compound saccharides in animal bodies, which are important regulators of 

intercellular interaction. These compounds regulate the immune system development and 

balance, preventing insufficient reactions. HA promotes the immunocompetence resulting in 

increased phagocytic activity. Terratol (2002) also reported that HA may increase the 

production of glycoproteins, which can synchronise the immune system by maintaining the 

balance of T and B cells. 

 

2.5.7 Effect of fulvic acid in meat quality attributes 

FA has the ability to elevate the absorption of nutrients and quicken digestive roles that can 

change and control the metabolism to improve animal carcass traits (Bai et al., 2013). 

According to Ozturk et al. (2012), the body and carcass weights increased when HA 
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compounds were added to the broiler diet. According to Macit et al. (2003), water holding 

capacity is associated with lipid peroxide contents in the meat muscle. Lipid peroxidation is 

defined as the loss of unsaturated lipids by peroxidation, which results in lipid degradation and 

membrane disruption. Reports by Beer et al. (2000) specified that FA has a stimulating effect 

on the smooth muscle tissues' impulsive contractile activity. According to Mir et al. (2017), 

meat colour, texture, drip loss and cook loss are all common meat qualities. These 

characteristics are inclined by the pH of the meat at the time of slaughter. 

 

 2.6 Summary 

Ensuring safety for poultry in the feed is the industry's overall trend. The goal of recent 

scientific research has been to increase poultry production (Elnesr et al., 2022). The diet of 

poultry includes various feed additives, including antibiotics. Due to the associated health 

issues, people are starting to doubt the quality and safety of meat, leading to intense efforts to 

assess the utilization of natural feed additives in poultry production. Select phytogenic feed 

additives, including humic substances, have shown to decrease inflammation and oxidative 

stress in animals, improving nutrient digestibility in the process. FA belongs to a group of 

chemicals known as humic substances, which are by-products of microbes’ degrading organic 

matter. The presence of these reactive groups allows FA to produce a variety of beneficial 

effects, including metal chelation (antioxidant activity, stress management and 

immunostimulant. This study, therefore, sought to assess the efficiency of FA in broiler diets 

as a growth factor in place of conventional antibiotics. 
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CHAPTER 3 

EFFECT OF FULVIC ACID ON GROWTH PERFORMANCE, PROTEIN 

UTILIZATION EFFICIENCY AND BLOOD METABOLITES IN BROILER 

CHICKENS 

Abstract  

This study was conducted to investigate the effect of fulvic acid (FA) inclusion levels on 

growth performance, protein utilization efficiency, haematology, and serum biochemistry of 

Cobb 500 broiler chickens. A total of 400, day-old, unsexed chicks were randomly and equally 

allocated to five dietary treatments distributed across 8 replicates with each pen carrying 10 

chicks. The five isonitrogenous and isoenergetic diets were formulated as follows: NegCON 

(T1): commercial diets without antibiotics, posCON (T2): commercial diet with antibiotics, 

FA1 (T3) commercial diet + 1% FA1, FA2 (T4): commercial diet + 2% FA and FA3 (T5): 

commercial diet with 3% FA. The feeding trial was conducted over 3 feeding phases, Starter 

(day 1-14); Grower (15-28) and Finisher ration (day 28-42). Chicks had ad libitum access to 

freshwater and feed throughout a period of 6 weeks. Blood was collected for haematology and 

serum biochemistry 2 days before the chicks were humanly slaughtered at a local abattoir. 

From the results, it was revealed that dietary treatment only affected (P < 0.05) the FCR in the 

starter phase. Birds fed FA3 diet had the lowest FCR when compared to posCON diet. In the 

Grower phase, diet had a significant effect on all the growth performance parameters. Birds 

fed the posCON diet had the highest (P < 0.05) ADFI (93.33 g) followed by those fed the FA2 

(90.66 g) diet. Dietary inclusion on cumulative weight gain (CWG) in the final week, revealed 

that birds fed the FA2 (1897.34 g) diet, gained at the same level as those fed the posCON 

(1932.74 g) diets and birds in both treatments achieved similar final weights at the end of the 

feeding trial. Overall, ADG was higher in posCON diets (49.37 g/d) followed by FA2 diet 

(45.17 g/d), whilst negCON had the least. Dietary inclusion treatments significantly (P <0.05) 

influenced protein utilization and growth efficiency parameters in all three growth phases apart 
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from the protein efficiency ratio (PER) in the grower phase, the protein consumed PC and the 

specific growth rate (SPR) at the finisher phase. Dietary treatment had no effect on all of the 

haematology parameters apart from platelet count. The highest (P <0.05) platelet count was 

observed in chickens offered the negCON diet, while broilers offered the FA3 diet had the 

lowest platelet count values, Birds fed the posCON, FA1 and FA2 diets had statistically similar 

values for platelet counts with FA3 having the least value. Diet had similar (P <0.05) effects 

on the glucose concentration, symmetric dimethylarginine (SDMA), alanine transaminase 

(ALT), alkaline phosphatase (ALP), phosphorus and lipase concentration. The SDMA 

concentrations declined as the levels of FA inclusion in diet increased with the birds fed the 

FA3 (6.87 μg/dL) diet having the lowest levels of SDMA compared with all other diets. 

Therefore, it was concluded that supplementing FA up to 3%, improves the growth 

performance of broiler chickens without affecting their physiological and health status. 

 

Keywords: Feed additive; Feed intake; Haematology; Health status; Humic substance; 

Performance traits. 

 

3.1 Introduction      

 Over the years, poultry researchers have successfully developed fast-growing broiler strains 

through genetic selection, while learning more about the metabolism and utilization of nutrients 

and how those nutrients affect gene expression (Nkukwana, 2018). In addition, the usage and 

development of antibiotic growth promoters (AGPs) had enhanced the welfare of the birds and 

significantly increased feed efficiency and broiler performance (Oladukan & Adewole, 2020). 

Nevertheless, the continued use of antibiotics in broiler diets has been increasing causing 

anxiety among consumers due to the fear of residues in meat and antimicrobial resistances, 

which may affect consumer health (Gallo et al., 2020). Consequently, a ban was imposed on 
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the use of antibiotics in broiler production in developed countries and partially in South Africa. 

Efforts are therefore, being made to explore alternatives to antibiotics as well as the use of 

natural organic acids, phytogenic essential oils, and probiotics among others, for safe and 

sustainable broiler production. 

 

Humic substances, such as humic acid (HA) and fulvic acid (FA), are straw-coloured, 

hydrophobic organic acids produced mostly from soil humus and plants, and they often make 

up a significant amount of the organic material found in water, soil and sediments (Jusadi et 

al., 2020). FA contains some reactive groups that have the effects of improving growth 

performance, feed utilisation and ultimately meat quality in animals by stimulating the gut 

health and immune system development (Bai et al., 2013). According to Chang et al. (2013), 

gut health is critical as gut microbiota have an influence on animal cell functions which affects 

the physiological, developmental, nutritional and immunological processes of the host. Gao et 

al. (2017) also observed that FA improved the growth performance and intestinal health of 

juvenile loach Paramisgurnus dabryanus (Sauvage). Whilst there is quite ample knowledge 

regarding HA influence on animal performance, limited information is known on the influence 

of FA as a possible replacement of antibiotics on performance in broilers. Therefore, the study 

assessed the influence of FA inclusion in diet on growth performance, protein utilisation 

efficiency and blood metabolites in broilers. 

 

3.2 Materials and methods 

3.2.1 Description of the study site 

The study was carried out at Rooigrond, Braaikuikens located in the Northwest province of 

South Africa at coordinates of 25° 08′ 0″ South and 25° 05′ 0″ east. The experiment was 

conducted during the winter season from April until the end of May 2022.  
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3.2.2 Sourcing of fulvic acid 

FA was donated from Ecofarma Southern Africa, Pretoria (Pty) Ltd – 2016/388451/07, a 

biotech company involved in the production of bio stimulants including the production of FA 

and other humus substances such as HA for the agricultural sector.  

 
    

 Figure 3. 1. Picture of FA.                                          

 

3.2.3 Dietary treatments and experimental design 

Five isonitrogenous and isoenergetic diets were formulated in accordance with the nutrient 

requirements of the broilers for the different growth phases. Formulation of dietary treatments 

was done with the inclusion of FA in diets in place of conventional antibiotics as follows: 

Negative control (T1): Commercial diet without antibiotics (NegCON). Positive control (T2): 

Commercial diet with antibiotics (posCON) FA1 (T3): Commercial diet + 1% FA, FA2 (T4): 

Commercial diet + 2% FA, and FA3 (T5): Commercial diet + 3% FA). The five dietary 

treatments were randomly allotted to a total of 40 pens. Each dietary treatment had eight 

replicate pens and each pen holding 10 birds, was considered as the experimental unit. The pen 

size was 3.5 m long x 1.0 m wide x 1.85 m high, which were designed in accordance with 
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standards ensuring welfare of chickens. Dietary ingredients and treatments are shown in Tables 

3.1 to 3.3. 

 

3.2.4 Animal management 

A total of 400-day old chicks were purchased from Chicken Ranch Animal Feeds and 

Agricultural Supplies at Gauteng. On arrival, birds were arranged randomly and equally in 

broiler pens under brooding conditions. Broiler units were maintained at brooding temperatures 

of between 32.5°C and 33°C through the provision of heat from the installed infra-red lights. 

Before being placed in pens, the chicks were weighed to determine the initial weight. From day 

1 to day 3, chicks received stress pack for the development of immune system and a layer of 

wood shavings were used as bedding of each pen. Chicks had ad-libitum access to feed and 

freshwater, provided by tube feeders and drinkers, respectively. Chicks were fed in a 3-phase 

feeding programme: Starter (day 1-14); Grower (15-28) and Finisher ration (day 28-42). 

Chickens were regularly monitored for general behaviour and health with a weekly monitoring 

report completed. Any sick chickens removed from the study and any mortalities recorded. 

Ethics approval was sought before commencement of the experiments from NWU-

ANIMPROD REC and the following ethics number was given: NWU-00815-21-A5. Refer to 

7.1 in page 120. 
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Table 3.1. Ingredient composition (%) of (FA) for starter diet. 

            Dietary treatments 

Ingredients negCON posCON FA1 FA2 FA3 

Fulvic acid (ml) - - 0.10 0.20 0.30 

Fine-Yellow maize 63.20 55.40 53.4 53.4 53.40 

Prime gluten (60) 1.20 1.20 1.20 1.20 1.20 

Soybean meal 31.70 31.70 31.70 31.70 31.70 

Full fat soya 0 0 0 0 0 

Limestone (powder) 1.62 1.62 1.62 1.62 1.62 

MCP 0.90 0.90 0.90 0.90 0.90 

Fine Salt  0.34 0.34 0.34 0.34 0.34 

Koeksoda 0.18 0.18 0.18 0.18 0.18 

Choline (powder) 0.08 0.08 0.08 0.08 0.08 

Lysine 0.25 0.25 0.25 0.25 0.25 

Threonine 0.048 0.048 0.048 0.048 0.048 

Methionine 0.23 0.23 0.23 0.23 0.23 

 BrStr +phytase 0.17 0.17 0.17 0.17 0.17 

Coxistac (12) - 0.05 - - - 

Olaquindox - 0.04 - - - 

Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with 

antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal 

commercial broiler diet including 2% of FA. FA3 = normal commercial broiler diet including 

3% of FA. 
2 Ingredients: BrStr = Broiler Starter; BrGr = Broiler Grower; BrFin = Broiler Finisher. 
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Table 3.2. Ingredient composition (%) of (FA) for grower diet. 

       Dietary treatments 

Ingredients negCON posCON FA1 FA2 FA3 

Fulvic acid (ml) - - 0.10 0.20 0.30 

Fine - Yellow maize 69.90 59.50 59.50 59.50 59.50 

Prime gluten (60) 1.80 2.40 2.40 2.40 2.40 

Soybean meal 19.70 2.22 2.22 2.22 31.70 

Full fat soya 5.10 5.10 5.10 5.10 5.10 

Limestone (powder) 1.46 1.22 1.22 1.22 1.22 

MCP 0.72 0.5 0. 576 0. 56 0. 56 

Fine Salt  0.32 0.32 0.32 0.32 0.32 

Koeksoda 0.17 0.16 0.16 0.16 0.16 

Choline (powder) 0.08 0.08 0.08 0.08 0.08 

Lysine 0.28 0.28 0.28 0.29 0.29 

Threonine 0.04 0.00 0.00 0.00 0.00 

Methionine 0.23 0.23 0.23 0.23 0.23 

BrGr+ phytase 0.17 0.17 0.17 0.17 0.17 

Coxistac (12) - 0.05 - - - 

Olaquindox - 0.04 - - - 

Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with 

antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal 

commercial broiler diet including 2% of FA. FA3 = normal commercial broiler diet including 

3% of FA. 
2 Ingredients: BrStr = Broiler Starter; BrGr = Broiler Grower; BrFin = Broiler Finisher. 
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Table 3.3. Ingredient composition (%) of FA for finisher diet. 

         Dietary treatments 

Ingredients negCON posCON FA1 FA2 FA3 

Fulvic acid (ml) - - 0.10 0.20 0.30 

Fine - Yellow maize 72.20 72.20 72.20 72.20 72.20 

Prime gluten (60) 1.53 1.61 1.60 1.59 1.80 

Soybean meal 18.00 0.50 0.60 0.5 0.5 

Full fat soya 1.53 1.61 1.60 1.59 1.54 

Limestone (powder) 1.30 1.07 1.07 1.07 1.07 

MCP 0.50 0.33 0.33 0.33 0.33 

Fine Salt  0.33 0.33 0.33 0.33 0.33 

Koeksoda 0.13 0.12 0.12 0.12 0.12 

Choline (powder) 0.08 0.08 0.08 0.08 0.08 

Lysine 0.26 0.27 0.2 0.257 0.27 

Threonine 0.03 0.00 0.00 0.00 0.00 

Methionine 0.16 0.09 0. 09 0. 09 0. 09 

BrFin +phytase 0.17 0.17 0.17 0.17 0.17 

Coxistac (12) - 0.05 - - - 

Olaquindox - 0.04 - - - 

Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with 

antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal 
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commercial broiler diet including 2% of FA. FA3 = normal commercial broiler diet including 

3% of FA. 
2 Ingredients: BrStr = Broiler Starter; BrGr = Broiler Grower; BrFin = Broiler Finisher. 

 

 

 

Table 3.4. Nutrient composition % (unless otherwise indicated) of formulated experimental 

diets of starter, grower and finisher for broilers.                                                        

                                Phase 

Parameters Starter Grower Finisher 

Volume 100 100 100 

Moisture 11.56 11.35 11.58 

ME (mg/kg) 11.40 12.10 12.30 

Protein 20.78 18.00 16.01 

Fat 3.13 4.16 3.67 

Fibre 2.32 2.31 2.21 

ASH 5.61 4.81 4.22 

Calcium 0.95 0.84 0.75 

Phosphorus 0.56 0.49 0.44 

Sodium 0.19 0.18 0.17 

Chlorine 0.30 0.29 0.3 

Potassium 0.91 0.76 0.68 
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3.2.5 Growth performance 

The birds were offered measured amounts of feed each day. Refusals were collected every 

morning before the subsequent feeding. The ADFI for each feeding phase was calculated as 

follows:    

                                           

𝐴𝐷𝐹𝐼 =
𝐹𝑒𝑒𝑑 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 − 𝑓𝑒𝑒𝑑 𝑟𝑒𝑓𝑢𝑠𝑎𝑙

14 𝑑𝑎𝑦𝑠
 

                                              

The birds were weighed initially to obtain the start weight. Subsequently, all birds in each 

replicate per treatment were weighed on weekly basis, using a commercial weighing scale and 

average daily gain (ADG) and feed conversion ratio (FCR) were calculated as follows: 

                                          

𝐴𝐷𝐺 =
𝐹𝑖𝑛𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑠𝑡𝑎𝑟𝑡 𝑤𝑒𝑖𝑔ℎ𝑡

𝐴𝑔𝑒(𝑑𝑎𝑦𝑠)
 

 

Feed conversion ratio was calculated as the average daily feed intake divided by weight gain. 

                                                

𝐹𝐶𝑅 =  
𝐴𝐷𝐹𝐼 (𝑔)

𝐴𝐷𝐺(𝑔)
 

 

3.2.6 Protein utilization efficiency 

The quantity of Protein consumed (PC g/bird) was calculated by multiplying the feed intake 

during the feeding phase by the crude protein (CPd) concentration in the diet (g/kg DM 
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consumed), which is obtained from the diet sheet formula. Protein efficiency ratio (PER g/kg) 

was determined as the ratio of the mean body weight gain (BWG) over the mean protein 

consumed. Specific growth rate (SGR), representing the proportion of growth per feeding 

phase and growth efficiency (GE), were determined as follows: 

 

PC = FI ×CPd                                         

PER =   
𝐵𝑊𝐺

𝑃𝐶
                                                             

SGR =          
𝐼𝑛 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 −𝐼𝑛 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

14 𝑑𝑎𝑦𝑠
     × 100                         

GE =            
𝐵𝑊𝐺

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
 

 

3.2.7 Hematology and serum biochemical analysis 

Two days prior to the end of the experiment (day 40), 2 chickens were randomly selected for 

blood collection from each pen. Blood samples (4 ml) were collected from chickens bled via 

puncture of the brachial vein of birds into two separate vacutainer tubes (purple tubes which 

contained anti-coagulant for haematological parameters and red tubes with Anti-coagulant for 

serum biochemical analysis). Samples for haematological analysis were stored in an ice cooler 

and transported to IDEXX Laboratories Inc., (Gauteng, South Africa), where full blood 

analysis was done. An automated IDEXX LaserCytehd Haematology equipment was used to 

determine haematological parameters. The red top tubes were transported to the laboratory and 

centrifuged at 3000 g for 10 min at room temperature for serum separation. Pure serum samples 

were aspirated by pipette and stored in 1.5 ml Eppendorf tubes at -800C after, which the tubes 

were thawed at 40C pending biochemical analysis. After thawing, serum concentrations of 

albumin, total protein, glucose, chlorine, sodium, potassium, cortisol levels, urea and serum 

enzymes; alanine amino transferase and aspartate amino transferase were determined by using 
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commercial kits. Total cholesterol and triglycerides in serum were determined enzymatically 

using commercial reagent assay kits (ASAN total cholesterol, aminotransferase (AM 202-K) 

and ASAN triglyceride (TG-S, AM 157S-K), respectively, ASAN Pharm. Co. Ltd., Whasung, 

Korea). 

 

3.2.8 Statistical analysis  

Data on growth performance, protein utilization efficacy, serum biochemistry and haematology 

were analysed using the general linear model procedure of (SAS, 2010) with diet treatment 

being the only fixed effect. Repeated data on cumulative weight gain was analysed using the 

mixed procedure of (SAS, 2010) for repeated measures considering the effect of both the 

dietary treatment and week. The employed linear model is as follows: 

  

                                           𝑌𝑖𝑗 = µ + 𝑡𝑖 + 𝜀𝑖𝑗                                                                           

 

Where Yij = the observation of the dependant variables (growth and blood parameters). µ = the 

overall mean (general mean) constant to all observations. ti = the ith fixed effect of the diet 

level.  εij = random error or residual effect associated with ijth observation. 

 

                                    Yijk =µ + Ti+ Wj + (T * W)ij + Eijk                       

                                                        

Where: Yij = observation of dependant variables (cumulative weight gain parameter) 

µ = population mean constant to all observations.  Ti = effect of diet. T*Wij = effect of diet 

interacting with week Eij = random error term associated with observation ijk, assumed to be 

normally and independently distributed. 
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3.3 Results 

3.3.1 Feed intake and growth performance  

Table 3.5 shows the effects of FA incorporation in diets on growth traits in broilers in different 

feeding phases. From the results, dietary treatment only affected (P <0.05) the FCR in the 

Starter phase. Lowest FCR value was observed in birds fed FA3, whilst those offered the 

posCON diet had the highest. In the Grower phase, diet had a significant impact on all the 

growth performance traits. Birds offered the posCON diet had the highest (P < 0.05) ADFI, 

followed by those offered the FA2 diet. Birds offered the negCON diet had the least ADFI. 

Similarly, the birds fed the posCON and FA2 diets had the highest (P < 0.05) ADG with those 

fed the FA3 diet having the lowest. With regards to the FCR, the birds fed the FA diets had 

significantly (P < 0.05) lower values compared to the control diets.  In the Finisher phase, 

dietary treatment affected the ADG and the FCR. The birds offered the posCON diet had higher 

FCR values followed by those offered the FA2 diet. Broilers offered the posCON diet also 

contained the lowest FCR accompanied by those offered the FA2 diet. Overall, ADG was 

higher in posCON (49.37 g/d) followed by FA2 diet (45.17 g/d), whilst negCON diets had the 

least. Moreover, the FCR was the lowest in the posCON diet followed by the FA2 diet. In all 

instances, the ADG and FCR values for the posCON and the FA2 diet were not different in all 

feeding phases and overall. Across the different feeding phases and overall, diet had no effect 

on ADFI. 

 

 Figure 3.1 demonstrates the effect of dietary FA on cumulative weight gain (CWG). Between 

weeks 1 and 3, there was no differences in weight gain among the treatments.  From week 3 

onwards, the birds in the posCON treatment gained more that the birds in other treatments. In 
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the final week, birds fed the FA2 diet gained at the same level as those fed the posCON diets 

and birds in both treatments achieved similar final weights towards the termination of the  

 

Table 3.5. The effect of diets containing FA in ADFI (g), ADG and FCR of Cobb 500 broiler 

chickens. 

                                   Dietary treatments 

2Parameters negCON PosCON FA1 FA2 FA3 SEM P-values 

Starter        

ADFI (g) 33.44a 33.57ab 33.28a 33.31a 33.77b 0.44 0.0001 

ADWG (g/d) 20.82a 21 .18b 20.89a 20.90a 20.76a 0.36 0.0001 

FCR 1.61ab 1.69b 1.59ab 1.57a 1.62ab 0.04 0.0001 

        

Grower        

ADFI (g) 88.99a 93.33b 90.02ab 90.66ab 87.07a 1.34 0.0001 

ADWG (g/d) 52.35a 54.78b 53.31ab 54.09b 52.10a 1.32 0.0001 

FCR 1.70 1.80 1.69 1.68 1.67 0.05 NS 

        

Finisher        

ADFI (g) 144.82 145.02 144.41 144.95 147.05 0.97 NS 

ADWG (g/d) 51.43 72.17 53.54 60.25 54.24 4.30 NS 

FCR 2.90 1.82 2.93 2.50 2.84 0.28 NS 

        

Overall         

ADFI (g) 89.08a 89.97b 89.24a 89.64a 89.30a 0.48 0.0001 

ADWG (g/d) 41.53a 49.37b 42.58a 45.17ab 42.37b 1.29 0.0001 

FCR 2.07b 1.77a 2.08b 1.92a 2.04b 0.06 0.0002 

a,b, means significant differences are denoted by different superscripts in a row (P < 0.05). 

SEM= standard error of means  

Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with 

antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal 

commercial broiler diet including 2% of FA. FA3 = normal commercial broiler diet including 

3% of FA. 
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2Parameters: ADFI = average daily feed intake, ADWG = average daily weight gain, FCR = 

feed conversion ratio. 
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Figure 3. 2. The effect of dietary FA on cumulative weight gain on broiler chickens. 

Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; posCON = positive control containing a standard 

commercial broiler diet combined with antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler 

diet including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA.

0

500

1000

1500

2000

2500

0 1 2 3 4 5 6 7

C
u
m

u
la

ti
v
e 

w
ei

g
h
t 

g
ai

n
 (

G
/k

g
)

Week

negCON posCON FA1 FA2 FA3



 

49 
 

feeding trial. Generally, all diets showed a clearly linear increase in weight gain over the three 

feeding phases of the experiment. The final weight of broilers fed the negCON diet (1789.25 

g/w) was the lowest, whereas for those fed posCON (1959.27 g/w) was the highest. 

 

3.3.3 Protein utilization and growth efficiency 

Table 3.6 shows the results of protein utilization and growth efficiency. Dietary treatments 

significantly (P<0.05) influenced protein utilization and growth efficiency parameters in all 

the three growth phases apart from the protein efficiency ratio (PER) in the grower phase, the 

protein consumed (PC) and the specific growth rate (SPR) at the Finisher phase. Diet 

influenced (P <0.05) all the protein utilization and growth efficiency parameters in the Starter 

phase and PC in the Grower phase. In the Starter phase, PC and PER were highest in birds fed 

the positive control diet.  The birds fed the negCON and the FA3 diets, had the lowest PER. In 

the Grower phase, PC was also highest in birds fed the posCON diet although the values were 

not different from those of birds fed the FA1 and FA2 diets. Diet did not alter (P >0.05) on all 

parameters at the Finisher phase. Nevertheless, overall, PC was highest in birds fed the 

posCON diet followed by those offered the FA2 diet. Similarly, PER was observed to be high 

in broilers offered the posCON diet accompanied by those offered the FA2 diet. However, diet 

had no effect on overall SGR and GE. 

 

3.3.3 Haematological parameters 

Table 3.7 presents the effect of FA inclusion in diets on haematological parameters in broiler 

chickens. As indicted in the table, dietary treatments had no effect on all the haematology 

parameters apart from platelet count. Birds offered the negCON diet had the highest (P < 0.05) 

platelet count. Chickens offered the posCON, FA1 and FA2 diets had statistically similar 

values for platelet counts with FA3 having the least value.  



 

50 
 

Table 3.6. The effect of diets containing FA on protein utilization efficiency (g) of Cobb 500 

broiler chickens.                                                                            

                                                            1Dietary treatments 

Parameters negCON posCON FA1 FA2 FA3 SEM P-values 

Starter        

PC (g) 6.95a 8.92b 6.92a 6.92a 7.02ab 0.09 0.001 

PER 2.99a 4.55b 3.01a 3.06a 2.95a 0.06 0.001 

SGR (% day 1) 14.39a 14.40a 14.44b 14.39a 14.44b 36.86 0.001 

GE 0.46a 0.47b 0.46a 0.46a 0.46a 0.00 0.001 

        

Grower        

PC (g) 16.01b 17.66c 16.20b 16.31b 15.67a 0.24 0.001 

PER 3.27 3.39 3.29 3.31 3.33 0.13 NS 

SGR (% day 1) 8.27 8.49 8.34 8.34 8.26 0.17 NS 

GE 0.16 0.17 0.16 0.16 0.16 0.00 NS 

        

Finisher        

PC (g) 23.17 24.88 23.11 23.19 23.52 0.15 NS 

PER 2.82 3.09 2.87 2.99 2.86 0.19 NS 

SGR (% day 1) 3.66 4.27 3.73 4.07 3.83 0.28 NS 

GE  0.05 0.06 0.05 0.05 0.05 0.00 NS 

        

Overall        

PC (g) 15.38a 17.15b 15.40a 15.47a 15.40a 0.08 0.001 

PER 3.02a 3.68b 3.05a 3.12b 3.05a 0.06 0.001 

SGR (% day 1) 0.09 0.08 0.09 0.09 0.08 0.00 NS 

GE 0.22 0.23 0.22 0.23 0.22 0.00 NS 

a,b,c, means significant differences are denoted by different superscripts in a row (P < 0.05). 

 SEM = standard error of means (n = 6). 1Diet: negCON = negative control containing a 

standard antibiotic-free commercial broiler diet; posCON = positive control containing a 

standard commercial broiler diet combined with antibiotics; FA1 = normal commercial broiler 

diet including 1% of FA; FA2 = normal commercial broiler diet including 2% of FA. FA3 = 

normal commercial broiler diet including 3% of FA. 2PC = protein consumed, PER = protein 

efficiency ratio, SGR = specific growth rate, GE = gain efficiency. 
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Table 3.7. The effect of diets containing FA in blood haematology of Cobb 500 broiler 

chickens. 

                                   1Dietary treatments 

Parameters NegCON PosCON FA1 FA2 FA3 SEM P- values 

Haematocrit(g/dl) 34.00 34.66 34.83 33.33 36.16 1.38 NS 

WBC(×109/l) 18.29 17.72 18.12 14.04 15.88 2.15 NS 

Platelet count (x 109/l) 44.05c 31.21b 32.16b 30.25b 25.41a 6.34 0.03 

Heterophils(×109/l) 73.33 70.50 73.00 66.83 72.00 4.53 NS 

Lymphocytes (x 109/l) 18.66 19.66 16.83 23.83 20.33 3.86 NS 

Monocytes (×109/l) 8.16 8.66 9.50 9.50 8.83 1.94 NS 

Eosinophils (x 109/l) 0.00 0.00 0.16 0.00 0.00 0.07 NS 

a, b,c, means significant differences are denoted by different superscripts in a row (P < 0.05). 

SEM = standard error of means (n = 6) 

P-values are the effects of dietary FA in blood haematology. 

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler 

diet; posCON = positive control containing a standard commercial broiler diet combined with 

antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal 

commercial broiler diet including 2% of FA. FA3 = normal commercial broiler diet including 

3% of FA. 

2Parameters: WWC = white blood cells, MNC = monocytes, ESNP = eosinophils. 
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3.3.4. Serum biochemistry 
 

The effects of FA inclusion in diets on serum biochemistry are presented in Table 3.8. The 

inclusion of FA in diets had no effect (P > 0.05) on urea, total protein, calcium, chlorine, 

amylase lipase, bilirubin, and creatinine concentration. However, diet had similar impact (P < 

0.05) on glucose concentration, symmetric dimethylarginine (SDMA), alanine transaminase 

(ALT), alkaline phosphatase (ALP), phosphorus and lipase concentration. Broilers offered the 

FA diets had higher glucose concentration compared with those fed the positive control. SDMA 

levels were highest in chickens offered the negCON diet followed by those offered the posCON 

diet. The SDMA concentration declined as the levels of FA inclusion in diet increased with the 

chickens given the FA3 diet having the lowest levels of SDMA compared with all other diets. 

Regarding the liver enzyme activity, diet had the ALT (129.12 IU/L) concentrations were 

highest levels (P < 0.05) in broiler chickens fed posCON diet followed by negative control 

(126.12 IU/L). The least ALT concentration (107.75  IU/L) was observed in birds fed the FA3 

diet. The ALT level also declined with the inclusion of increasing levels of FA in diets. The 

broilers offered the posCON diet obtained the highest levels of ALP whilst the birds fed the 

FA diets had lower levels.  Lipase concertation was highest in chickens offered the FA3 diet 

(66.62 IU/L) followed by chickens offered FA2 diets (54.75 IU/L) whilst the birds fed FA1 

diet had the lowest levels (36.00 IU/L).  
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Table 3.8. The effects of diets containing of FA in serum biochemistry of Cobb 500 broiler 

chickens.      

                                           1Dietary treatments 

2Parameters NegCON posCON FA1 FA2 FA3 SEM P-values 

Glucose (mmol/L) 11.49b 10.86a 11.73b 11.04ab 11.26ab 0.20 0.03 

SDMA (μg/dL) 8.00b 7.87ab 7.62ab 7.42ab 6.87a 3.40 0.001 

Creatine (μ/L) 9.00 9.00 9.00 9.00 9.00 0.00 NS 

Urea (mmol/L) 1.51 1.33 1.42 2.32 1.37 0.43 NS 

Phosphorus (mmol/L) 4.50a 4.94b 4.97b 4.89b 5.20c 0.00 0.001 

Calcium (mmol/L) 1.44 1.25 1.31 1.40 1.44 0.09 NS 

TP (g/L) 120.00 230.25 120.00 113.50 114.00 51.25 NS 

Albumin (g/L) 59.62 54.62 60.00 50.37 56.87 2.87 NS 

ALT (IU/L) 126.12ab 129.12b 124.12ab 114.12ab 107.75a 7.37 0.042 

ALP (IU/L) 34.12b 85.12c 19.25a 22.25a 22.36ab 39.76 0.012 

Bilirubin (µmmol/L) 458.25 396.75 459.37 352.57 394.37 39.39 NS 

Cholesterol (mmol/L) 1.30 1.56 1.47 1.58 1.68 0.20 NS 

Amylase (IU/L) 396.25 392.62 438.87 371.62 357.62 29.35 NS 

Lipase (IU/L) 53.00b 53.12b 46.00a 54.75b 66.62c 9.16 0.001 

a.b.c means significant differences are denoted by different superscripts in a row (P < 0.05). 

 SEM = standard error of means. Diet: negCON = negative control containing a standard 

antibiotic-free commercial broiler diet; posCON = positive control containing a standard 

commercial broiler diet combined with antibiotics; FA1 = normal commercial broiler diet 

including 1% of FA; FA2 = normal commercial broiler diet including 2% of FA. FA3 = normal 

commercial broiler diet including 3% of FA. 2Parameters:  ALT = alanine amino transaminase. 

ALP = alkaline phosphatase. TP = total protein; SDMA = symmetric dimethylarginine. 
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3.4 Discussion  

Previous studies relating to the biological significance of humic substance as dietary feed 

additive have shown their potential in enhancing performance in livestock particularly in 

poultry production. Studies by Bai et al. (2013); Disetlhe et al. (2018), Arif et al. (2019) and 

Tang et al. (2023) showed that humic substances can promote animal growth and enhance feed 

efficiency in broilers. The objective of the current study was to investigate the effect of dietary 

FA, which is one of the humic substances, as an alternative growth promotant in place of 

commercial antibiotics in Cobb 500 broiler diets. In the current study, the effect of FA inclusion 

in diet on parameters was apparent. Whilst the broilers offered the posCON diet obtained the 

highest ADFI, ADG and lowest FCR, it appears that adding FA in diets at 2% had the same 

effect. Statistically, chickens offered the FA2 diets had similar values for growth performance 

parameters as those fed the posCON diet. Moreover, while the performance in birds fed the 

other FA diets was lower than those of the posCON and FA2 diets, the differences in 

performance appeared to be subtle. This, therefore, confirms that the inclusion of FA in diets 

had the same effect as the inclusion of antibiotics in diets. This is consistent with the findings 

by Bai et al. (2013) and Wang et al. (2020), who observed that the inclusion of humic substance 

enhanced growth performance in growing pigs, improved immunity in growing swine, Change 

et al. (2013) stimulated mice immune response, Vuckits et al. (2015); enhanced  the immune 

system of Litopenaeus vannamei Guti´errez-Dagnino et al. (2015) and positively altered 

growth performance in juvenile loach Paramisgurnus dabryanus (Sauvage) (Gao et al., 2017). 

In addition, Pistová et al. (2016); Jad’uttová et al. (2019) and Disethle et al. (2018) also 

observed enhanced growth performance in broilers fed diets containing HA.  

 

The results from this study are consistent with the study conducted by Tang et al. (2023), who 

observed an increase with 0.5% FA inclusion in FI, FCR and gain in the first 7 days in broiler 
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diets. Where 0.3% increased feed intake and FCR at the grower phase with FA having no effect 

on growth traits for the rest of the feeding days. Nevertheless, Tang et al. (2023) used lower 

FA inclusion levels than those used in this study. Morales et al. (2011) and Tang et al. (2023) 

hypothesized that the mechanism of action of the FA could be through its ability to significantly 

boost the processes of mineral ion ingestion, absorption in a particular organ or fluid, and 

animal excretion, which could account for the positive impact on broiler weight gain with the 

incorporated of FA diets. Prayogi (2011) and Bahadori et al. (2017) also suggested that this 

could be attributed to the ability of substances in stabilizing the intestinal microflora, which 

ensures improved utilization and availability of nutrients from the diet, making them more 

absorbable. 

 

The protein utilization efficiency concept is often applied in the determination of the closeness 

of the relationships between amino acids dietary supply and the needs of the animal (Ismali et 

al., 2020). Generally, apart from fish and rats, there is limited literature available regarding the 

utilization of the parameters in assessing the feed value of various protein sources, or how 

certain feed additives may increase the biological value of protein in animals. It is widely 

acknowledged that the growth rate of weanling rats grown in controlled environments are 

reliable indicators of the dietary protein value (Wang et al., 2018). In the current study, there 

was very little effects of diet on the protein utilization efficiency parameters in all the feeding 

phases apart from the overall PC and PER. The fact that the birds fed the posCON diet obtained 

the highest PC and PER values showed that the antibiotics were more effective in increasing 

the biological protein value than the FA; PER is a popular technique for assessing the protein 

content of feed, it has been the benchmark used by the feed industry to assess protein feed. The 

value of a protein source in meeting requirements is determined by its nutritional value. 
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Although not affected by the diet specific growth rate and protein efficiency ratio of broilers in 

the 1.0%, 2.0 % and 3.0%, FA supplemented diets rapidly increased in the first feeding phase 

compared to the negative control group. There were no exceptional SGR differences between 

the control and 3% FA inclusion group in the last two growth phases of the experiment. 

Therefore, data from the current study is in line with observations by Gao et al. (2017), who 

showed increased levels of specific growth rate in juvenile loach supplemented with FA. 

Additionally, a decline in PC concentration, elevates protein efficiency ratio, which may 

indicate that more necessary amino acids in the diet become deficient, which can result in low 

gain efficiency (Walk & Olukosi, 2019). Currently, there are very few attempts made to 

investigate the use of protein utilisation efficiency parameters in animal nutrition studies. 

 

Haematology is used as one of the tools used to assess immunological, physiological and health 

status of an animal (Faye & Bengoumi, 2018). According to Swennen et al. (2005) and Abd 

El-Hack et al. (2019), it has been affirmed that livestock nutrition also affects haematological 

parameters. The current study demonstrated that all full blood counts apart from PC were not 

influenced by the experimental diets. Chickens fed the negCON diet with no addition of 

antibiotics, had the highest concentration of PC compared to the other dietary treatments. This 

could be in response to the unprotected immune system due to the absence of the antibiotics or 

FA in the diets. Haematocrit is closely related to haemoglobin concentration and high levels of 

haematocrit illustrate greater erythrocyte levels. Haematocrit levels which are lower than 

accepted levels, illustrate insufficient concentrations of red blood cells. Although there was no 

dietary effect, the haematocrit levels appeared to increase with increasing levels of FA in the 

diets. This could attribute to the effects of FA in increasing eryptosis activity in birds as 

observed in other studies (Disetlhe et al., 2018). Granulocytes (neutrophils, eosinophils and 

heterophils) and T and B lymphocyte cells (T and B cells) play an important role in immunity 
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development, they are white blood cells that act as a defence mechanism by attacking diseases, 

viruses and bacterial infections invading the body (Glen & Armstrong 2019). Although the 

increase had no effect of diet on the white blood cell, a marginal decreased in heterophils levels 

was observed in birds offered FA2, resulting in depressed percentage of heterophils and 

increased lymphocytes percentage compared to the control groups.  

 

The results are inconsistent to Akaich et al. (2022) who observed increased heterophils 

percentage in diets supplemented with 0.1% HA, resulting in declined lymphocyte percentage, 

leading to increased heterophil/lymphocyte ratio compared to the control group. On the 

contrary, results are similar to findings by Rath et al. (2006) and Arafat et al. (2017) who 

affirmed that HA (1.0% or 2.5%) did not alter white blood cell, red blood cell, monocyte and 

lymphocyte counts, or haematocrit values. All haematological results from this study were 

within the normal range for broiler chickens in good health (Kumanda et al., 2019; Van Niekerk 

et al., 2020; Matshogo et al., 2020). This shows that experimental diets were nutritionally 

acceptable for the Cobb 500 chickens and did not compromise their health status. Additionally, 

these observations can designate that tested FA dosage levels can depress stressful incidences 

in birds (Ipek et al., 2008). Therefore, data from this study illustrated that FA may have a 

positive impact on immune systems of broiler chickens.   

 

Serum biochemistry profiles in broilers can also be used to assess, the physiological state, 

health and nutritional status in birds (Alagawany et al., 2020). Serum biochemistry can thus be 

helpful in the diagnosis of infections and tracking chicken responses to the infections through 

exhibition of clinical symptoms. According to Hall & Cash (2012), ALP and ALT are liver 

enzymes that can be utilized to assess the homeostatic responses of liver metabolites passing 

through the blood portal. They are also indicators of liver diseases and liver enzyme activities, 
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which are subtle to toxic substances in the feed (Gudiso et al.,2019; Ahamefule et al., 2006). 

FA results of ALT and ALP concentrations in this study, confirmed a positive effect of FA in 

diet in reducing ALT and ALP concentrations in the broiler blood serum compared to the 

control groups. Thus, confirming no liver damage in broilers with the inclusion of FA in diets. 

According to Rajman et al. (2006), ALP has been linked with calcium and phosphorus 

metabolism and its mechanism has been implicated in the specific roles in regulating 

chondrogenic and osteoblastic activities in the growth process of birds.  

 

Literature on broilers describes the normal acceptable ALP value to be between 8 and 108 IU/L 

(Fuge, 2003). Therefore, results from the present study fall within the acceptable normal 

reference range (19.25 IU/L – 85.12 IU/L) of ALP poultry levels. Increasing levels of 

ALT/ALK in serum biochemistry can be attributed to exposure of toxins resulting to toxaemia, 

alteration in permeability of hepatocellular membrane and inflammation (Khanyile et al., 

2016). High levels of phosphate and calcium were observed in diets supplemented with FA 

compared to the control groups. The highest calcium: phosphorus ratio was observed in broilers 

offered 3% FA. Results are consistent to previous reports by El-Ratel et al. (2022) who 

observed increased levels of calcium and phosphorus in diets containing humates in broilers. 

According to Korsakov et al. (2019), low phosphorus concentrations in blood serum are 

associated with vitamin D deficiency, avitaminosis, hyperparathyroidism, impaired intestinal 

absorption and kidney diseases. Increasing FA levels corresponded with high lipase as 

observed in previous studies (Gao et al., 2017). 

 

 According to Yerramilli et al. (2016), SDMA is widely used as a renal biomarker for 

perceiving early diagnosis in renal and kidney function. SDMA is formed when methyl groups 

are added to the nitrogen molecules on polypeptides containing arginine during 
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posttranslational modification (Hall et al., 2016). In the present study, SDMA significantly 

decreased with increasing FA levels compared to the control groups. The least SDMA 

concentration was observed in birds fed the highest FA level (FA3), illustrating that FA did not 

jeopardize the birds’ state of health. Usually, high SDMA levels are linked to stress, cardiac 

problems, and other illnesses (Thema et al., 2022). Nevertheless, all serum biochemical 

parameters obtained in the current study fell within the normal serum biochemical values for 

healthy animals (Manual Merk, 2012). 

 

3.5 Conclusion 

Supplementing FA in diets had a positive influence on growth attributes, wherein a linear stable 

increase was observed in all treatment’s groups. ADG, ADFI, FCE and PUE were similar in 

mostly the posCON, FA2 and FA3 groups. Low concentration levels of AST/ALP and SDMA 

in treatment diets, indicated the importance of the hepato-protective ability of FA in reducing 

the possibility of liver and kidney damage. Furthermore, haematological parameters fell within 

the normal recommended range for normal healthy animals. Therefore, data from this present 

study proved that the inclusion of FA in broiler rations at 3%, promoted similar growth 

performance and health status as could have been the standard grower diet combined with 

antibiotics. Supplementing FA in drinking water can be considered a viable alternative of AGPs 

in broiler diets. Results obtained from this study are vital in providing low-priced feed 

formulation that elevate the growth performance and health status in poultry production 

systems. Nevertheless, it is paramount to investigate the impact of FA in meat quality attributes 

in broilers diets as it is an important factor for consumer acceptance. 
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CHAPTER 4 

THE EFFECT OF FULVIC ACID ON CARCASS CHARACTERISTICS AND 

MEAT QUALITY PARAMATERS IN BROILER CHICKENS 

 

Abstract 

The current study was conducted to assess the effect of fulvic acid (FA) inclusion in diets on 

carcass characteristics and meat quality parameters on broilers. A total of 400 (Cobb 500) day-

old chickens were reared in 40 pens (experimental unit), each pen carrying 10 birds, replicated 

8 times. The experimental diets were formulated to be isonitrogenous and isoenergetic as 

follows; NegCON (T1): commercial diets without antibiotics, posCON (T2): commercial diet 

with antibiotics, FA1 (T3) commercial diet + 1% FA1, FA2 (T4): commercial diet + 2% FA 

and FA3 (T5): commercial diet with 3% FA. The feeding trial was conducted over 3 feeding 

phases, Starter (day 1-14); Grower (15-28) and Finisher ration (day 28-42). Chicks had ad 

libitum access to freshwater and feed throughout a period of 6 weeks. All the chickens were 

deprived feed for 13 hours to empty the GIT. At day 42, 20 birds per treatment were 

slaughtered, dressing percentages, digestive tract traits were evaluated, and breast samples 

(Pectoral majors) were taken to evaluate meat quality parameters. From the results, diet had a 

significant effect (P < 0.05) on all measured carcass characteristics parameters apart from the 

dressing percentage, chilling loss percentage and the thigh index. Chickens fed the posCON 

diet (1959.27 g) obtained the highest slaughter weights, followed by those fed the FA2 diet 

(1942.10 g), while the birds fed the negCON diet had the lowest value (1789.25 g). The heaviest 

gizzards and liver weights were observed in chickens fed the posCON diet (42.25 g & 49.35 

g) followed by chickens offered the FA1 diet (37.68 g and 39.37 g), respectively. Chickens 

offered the posCON (42.61) diet had statistically similar values for lightness as with those fed 

the FA1 (42.62) and FA3 (42.54) diets. However, the birds fed the FA2 (41.90) diets appeared 
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to have darker breast muscle compared to all other treatments. Diet had no effect (P > 0.05) on 

all the SFAs parameters apart from the docosanoic (C22:00) acid. Birds fed the FA1 and FA2 

diets had the highest (P < 0.05) concentrations of docosanoic acid (C22:00), whilst those fed 

the FA3 diet had the lowest. Diet had a significant effect on the following polyunsaturated fatty 

acids (PUFAs): eicosadienoic acid (C20:2) and 16-docosadienoic acid (C22:2). Dietary 

treatments had no effect on all the total fatty acids profiles from the the omega 6 fatty acid (n-

6PUFA) and PUFA/SFA ratio. Findings from this study illustrate that the experimental diets 

cooperated with FA inclusion, revealed an increase in total PUFA/SFA ratio compared to the 

control diets. However, diets consisting of FA reduced the total n-3/n-6 ratio in all the FA 

treatments with FA2 having a ratio of 5 in the n-3PUFA, resulting in a beneficial impact on the 

important fatty acids needed for human and animal health maintenance.  Therefore, it can be 

concluded that inclusion of FA up to 3% in broiler diets did not compromise internal, organ 

sizes, meat quality attributes and carcass characteristics. 

 

Keywords: Carcass traits; Fatty acids; Humic substance; Meat quality; Poultry meat; 

Visceral organs. 

 

4.1. Introduction 

Broiler meat is the most popular and cheapest protein source globally and in the developing 

world because it does not have dietary or religious restriction compared to beef and pork 

(Haque et al., 2020). Apart from being cheap, broiler meat is highly nutritious with high protein 

content as well as the high levels of desirable polyunsaturated fatty acids that influence meat 

quality and acceptability (Ivanović et al., 2016). The nutritional composition of meat is critical 

and vital for consumer acceptance (Santoso et al., 2018). According to Mir et al. (2017), 

texture, juiciness, odour, tenderness, firmness and meat appearance are some the most 
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paramount meat quality attributes that influence meat acceptability. Ismail & Joo (2017) 

reported that texture and meat visual appearance are critical determinants of consumer 

purchasing decision. Therefore, the influence of production procedures on meat quality should 

also be considered in the broiler production industry to ensure production of safe, wholesome, 

and acceptable meat (Geletu et al., 2021).  

 

A variety of factors, among them, breed and nutritional changes, have been observed to 

influence meat quality. Nutritional manipulations have been observed to significantly influence 

meat visual quality and nutritional composition. Currently, there has been greater efforts to 

replace the antibiotic growth promoters (AGPs), which have been effective in improving the 

feed efficiency, health, and general performance of broilers. The use conventional antibiotics 

is becoming problematic due to the fear of increased antimicrobial resistance and accumulation 

of residues in meat that may affect consumer health. In Chapter 3, the FA as an alternative to 

antibiotics was explored. Apart from its reported influence on growth performance in Chapter 

3, FA is characterised by carboxyl and hydroxyl groups that may influence meat quality and 

composition in broilers as reported elsewhere (Pietrosemoli & Green, 2018; Disethle et al., 

2019). Therefore, the study assessed the effect of FA inclusion in diets on meat quality and 

fatty acid profiles in broiler meat.   

 

4.2 Materials and methods 

4.2.1 Study site, source of diets and animal management 

The study was carried out at Rooigrond, (Braaikuikens) as explained in Section 3.2.1. The diets 

and experimental design are explained in Sections 3.2.2-3.2.3., while the animal management 

is explained in Chapter 3 under Section 3.2.4.  
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4.2.2 Slaughter process 

At the end of the trial (day 42), the chickens in the pens were deprived of feed for a period of 

12-13 hours from 18h00 to 06h30, to empty the crop. The chickens were weighed to obtain the 

slaughter weight and taken to the Rooigrond Braaikuikens abattoir; a local commercial abattoir 

located close to the experimental houses for slaughter. At the abattoir, the chickens were placed 

in a movable rack facing down with their feet on the rail before being stunned. The birds were 

immediately exsanguinated, defeathered and eviscerated according to standard procedures for 

humane animal slaughter. Chickens were exsanguinated by manually severing both the carotid 

artery and the jugular vein with a knife and allowed to bleed for 120 seconds. After bleeding, 

birds were scaled in hot water at 59 degrees for 30seconds in a rotary drum scalder or plucker, 

followed by de-feathering and the removal of the heads and legs. The carcass were; 

subsequently eviscerated with the internal organs including the liver, spleen, gizzard, and 

intestines were removed and placed separately into small plastic bags and labelled according 

to their treatments.  

 

4.2.3 Carcass traits  

After slaughter, the carcasses were immediately weighed to obtain the hot carcass weight 

(HCW) and subsequently placed in a cold room to chill overnight at 4oC. After cooling for 24 

hours, the carcasses were reweighed by using an electronic weighing scale to obtain the cold 

carcass weight (CCW). The dressing out percentage was also determined as the proportion of 

HCW on slaughter weight. Breasts and thighs were then carefully removed and weighed. The 

proportion of HCW on slaughter weight was used to calculate the dressing percentage. 

Dressing percentage was calculated as follows: 

                                        Dressing (%) = HCW/ Slaughter weight*100% 
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 Eight breast samples per treatment were obtained, vacuum packed and sent for analysis of fatty 

acids at the Food Science Division. Stellenbosch University, Western Cape, (SA). 

 

4.2.4 Internal organs 

The liver, spleen, gizzard, proventriculus and small intestine (jejunum. duodenum and ilium) 

were surgically removed and individually weighed while the intestinal length was also 

measured using a tape measure.  

 

4.2.5. Meat quality measurements 

(i)   Meat pH and temperature measurements 

Meat pH and temperature were measured immediately after slaughter and 24 h after slaughter 

on the breast and thigh muscle using a corning model 4 pH-temperature meter (Stanford et al., 

2003). 

 

(ii) Meat colour 

Meat colour: (L* = Lightness. a* = Redness and b* = Yellowness) was determined using a 

Minolta colour-guide. (BYK-Gardener GmbH. Geretsried. Germany) with a 20 mm diameter 

measurement area, illuminant D65-daylight, and a 10⁰ observation angle after 30 minutes 

blooming time. The colour meter was calibrated before measurements using the green standard. 

Colour recording was done on 3 freshly cut breast muscles of the chicken of each pen. 

 

iii) Meat cooking loss 

Breast muscle samples were chilled overnight at 4°C and were individually weighed (70-80 g) 

to obtain initial weight (w1) of the pectoralis major muscle after thawing. The samples were 

then placed in a small, labelled plastic bag then attached to the rack inside the water bath and 
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then placed inside the water and cooked to a core temperature of 80°C for 60 minutes. The 

boiled samples were removed from the water bath and left to cool for about 20 minutes. The 

samples were re-weighed to obtain the cooked weight (w2) of the pectoralis major muscle. The 

cooking loss was calculated based on the difference between the weight of raw meat and 

cooked meat using the following equation: 

Cooking loss (%) =(w1-w2)/w1*100% 

Where: w1 is the weight of raw meat. W2 is weight after cooking. 

 

(iv) Meat tenderness 

After cooking cylindrical samples of breast muscle were cored parallel to the grain of the meat 

and sheared perpendicular to the fibre direction using Meullenet-Owens razor shear blade 

(A/MORS) mounted on a Texture analyser. The reported value in Newtons (N) represented the 

average of the peak force measurements of each sample. 

 

(v) Water holding capacity  

The water holding capacity (WHC) of the meat measurements were done on the surface of a 

freshly cut slice of the pectorals major muscle (PMM) (8-16 grams) and was determined as the 

amount of water expressed from fresh meat held under pressure (60 kg pressure), using the 

filter-paper press method developed by Grau & Hamm (1957). The fresh weights and initial 

weights were measured using a digital scale before and after pressure application. WHC was 

calculated using the equation: 

 

WHC (%) = (Initial weight-Weight after pressing)/Initial weight*100% 
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(vi)  Drip loss by suspension 

Drip loss measurement was determined using a method adapted from Zhang et al. (2009). 

Where pieces of muscle from the pectoralis major muscle (PPM) weighing ~ 2-3 grams (wet 

weight. w1) were hooked and suspended using wire steel in a plastic bottle and sealed properly 

so that the samples did not touch the sides of the bottle. The suspended samples were stored in 

a cold room at 4°C for 72 hours. The meat samples were reweighed to obtain weight after drip 

(w2). The difference in weight of each sample before and after drip was conveyed as percentage 

drip loss and calculated as follows: 

Drip loss (%) = (w1-w2)/w1*100% 

Where: w1 is initial weight and w2 is weight after drip. 

 

(vii) Proximate and fatty acid analysis 

Total lipid was obtained from feed material using a Soxhlet extraction method according to 

AOAC (2003) fat determination procedures. Total lipids from muscle samples were 

quantitatively extracted. According to the method of Folch et al.  (1957), fatty acid methyl 

esters (FAMEs) were quantified using a Varian 430 flame ionization GC. Butylated 

hydroxytoluene, an antioxidant was added to the chloroform: methanol combination at a 

concentration of 0.001%. The fat extracts were dried under vacuum in a rotary evaporator then 

dried overnight in a vacuum oven at 50°C with phosphorus pentoxide as a moisture adsorbent. 

The total extractable fat was calculated gravimetrically and represented as percent fat (w/w) 

per 100 g tissue. The fat removed from feed, known as the subcutaneous fat and muscle, was 

frozen in a polytope (glass vial with a push-in top) and kept at –20°C until fatty acid analysis. 

A disposable glass Pasteur pipette was used to transfer a lipid aliquot (20 mg) from the feed 

(subcutaneous and muscle lipid) into a Teflon-lined screw-top test tube. 0.5 M NaOH in 

methanol and 14% boron trifluoride in methanol, were used to trans-esterify fatty acids to 
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create methyl esters (Park & Goins. 1994), using a Varian 430 flame ionization GC with a 

fused silica capillary column (Chrompack CPSIL 88 (100 m length. 0.25 mm ID. 0.2 m film 

thicknesses). (FAMEs) from the subcutaneous fat, feed and muscle were measured. An initial 

isothermic time was used in the analysis (40°C for 2 minutes). The temperature was then raised 

to 250°C at a rate of 4°C/minute. After that, there was a 10-minute isothermic period at 230°C. 

A Varian CP 8400 Auto sampler was used to introduce a FAMEs n-hexane (1l) onto the 

column. Both the injection port and detector were kept at 250°C.  At 45 psi, hydrogen served 

as the carrier gas while nitrogen served as the makeup gas. The chromatograms were recorded 

using galaxy chromatography software. The retention durations of FAME peaks from samples 

were compared to those of Supelco standards to identify FAME samples (Supelco 37 

Component Fame Mix 47885-U., Sigma-Aldrich Aston Manor. Pretoria. South Africa). All 

additional reagents and solvents used were purchased from Merck Chemicals and were of 

analytical quality (Pty Ltd. Halfway House and Johannesburg. South Africa). Individual fatty 

acids were measured as a percentage of the total fatty acids in the sample. Omega-3 (n-3) fatty 

acids, omega-6 (n-6) fatty acids, total saturated fatty acids (SFA), total monounsaturated fatty 

acids (MUFA), polyunsaturated fatty acids (PUFAs) and the PUFA/SFA ratio (P/S) and n-6/n-

3 ratio atherogenicity index were calculated. 

 

4.2. 6 Statistical analyses 

Data on carcass characteristics, meat quality parameters and fatty acid profiles were analysed 

using the GLM procedure of SAS (2010) with diet treatment as the only fixed effect. Separation 

of mean was done by using the probability of difference (PDIFF) option of SAS (2010) while 

contrasts SAS (2010) was used to determine the specific effects of FA inclusion in diet on 

different parameters. 

The employed linear model is as follows: 
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𝑌𝑖𝑗 = µ + 𝑡𝑖 + 𝜀𝑖𝑗 

Where Yij = the observation of the dependant variables (carcass traits. meat quality and fatty 

acid profiles). 

µ = the overall mean (general mean) constant to all observations. 

 ti = the ith fixed effect of the diet level.  

 εij = random error or residual effect associated with ijth observation.            

 

4.3 Results 

 4.3.1 Carcass characteristics  

The effects of dietary inclusion of FA inclusion in diets on carcass characteristics of broilers is 

presented in Table 4.1. Diet had similar effect (P < 0.05) on all measured parameters apart from 

the dressing percentage, chilling loss percentage and the thigh index. Chickens fed the posCON 

diet (1959.27 g) obtained the highest slaughter weight and live weight, followed by those fed 

the FA2 diet (1942.10 g). Birds fed the negCON diet had the lowest. Similarly, the birds fed 

the posCON diet had the highest (1617.29 g) value for HCW followed by those fed the FA2 

(1598.66g) diet whilst those fed the negCON group had the lowest (1363.75 g). Nevertheless, 

birds fed diets containing the FA had statistically similar HCW. The CCW was highest in 

broilers offered the posCON (1584.41 g) diet, followed by those fed FA1 (1559.20 g). The 

posCON diet also had the heaviest breasts (308.41 g) and thigh weight (118.80 g) whilst the 

negCON (280.41 g) had the smallest. Chickens in the posCON group consistently had the 

highest values for all measured parameters while those in the negCON group had the lowest.  
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Table 4.1. The effect of diets containing FA on carcass characteristics in broiler diets. 

                                                                                      1Dietary treatments 

2Parameters negCON posCON FA1 FA2 FA3 3SEM P-values 

Initial weight (g) 44.70ab 45.81b 44.68ab       45.58b 44.40a 1.06 0.001 

Slaughter weight (g) 1789.25a 1959.27b 1833.31ab 1942.10b 1824.05ab 54.50 0.001 

HCW (g) 1363.75a 1617.29c 1597.41b 1598.66b 1568.37ab 40.77 0.001 

CCW (g) 1274.75a 1584.41c 1559.20c 1482.95b 1535.05bc 46.01 0.001 

Dressing (%) 83.23 90.75 83.05 81.60 86.52 3.23 NS 

Chilling loss (%) 0.02 0.05 0.02 0.05 0.02 0.01 NS 

Breast (g) 280.41a 308.41b 294.58ab 302.91b 290.21ab 16.48 0.001 

Breast index 17.30a 19.35c 18.47b 19.31c 18.46b 0.93 0.01 

Thigh (g) 117.50b 118.80b 116.45ab 112.08a 116.66ab 3.10 0.001 

Thigh index 7.28 7.31 7.31 7.16 7.43 0.22 NS 

Wings (g) 89.16b 95.83c 77.29a 87.91ab 94.99bc 3.50 0.001 

Drumstick(g) 100.29bc 105.54c 94.79a 96.25ab 98.12b 4.30 0.001 

Quarter leg (g) 216.87b 220.70c 211.25ab 201.87a 205.00ab 8.00 0.001 

a.b.c. means significant differences are denoted by different superscripts in a row (P < 0.05). 3SEM = standard error of means P-values are the effects 

of dietary FA on carcass characteristics. Significance = not significant P < 0.05 

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; posCON = positive control containing a standard 

commercial broiler combined with antibiotics; FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 
2Parameters: HCW = hot carcass weight; CCW = cold carcass weight.
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4.3.2 Internal organs 

Table 4.2 presents the effect of FA inclusion in diets on internal organs in broiler chickens. From the 

table, there were no dietary effects on all parameters apart from the weights of gizzards (g), livers (g) 

and the spleens (g). The heaviest gizzards and liver weights were observed in chickens fed the 

posCON diet (42.25 g & 49.35 g) followed by chickens offered the FA1 diet (37.68 g and 39.37 g), 

respectively. Highest spleen weights were observed in chickens fed the FA2 (2.90 g) while birds fed 

the negCON (2.27 g) had the lowest value. Birds fed the FA2 and FA3 diets had statistically similar 

values compared to other groups.  Birds fed the FA1 (22.38 g) and posCON (22.46 g) diets also had 

statistically comparable ileum sizes while chickens offered the posCON diet had slightly higher 

weights.  

 

4.3.3 Meat quality 

Table 4.3 shows the effect of experimental diets on meat quality measurements. Diet had no effect 

on breast initial, ultimate pH and temperature, dripping loss, cooking loss and shear force. Although 

diet had no effect on meat pH, the expected post-mortem decline in meat pH was evident (Figure 

4.1). Nevertheless, dietary treatments had an effect (P <0.05) on WHC and the colour coordinates 

(lightness and yellowness). Chickens offered the posCON (42.61) diet had statistically similar values 

for lightness with those fed the FA1 (42.62) and FA3 (42.54) diets. However, birds fed the FA2 

(41.90) diets appeared to have darker breast muscles compared to all other treatments. In terms of 

yellowness, birds fed the FA2 diet had the highest values followed by those fed the negCON diet. 

The results of WHC demonstrated that breast muscle from birds fed the FA1 (9.70 %) diet had the 

lowest value, showing the greatest WHC capabilities followed by those fed the FA2 (10.95 %) diet. 

While there was no effect of diet on shear force values, it appeared that the birds fed the posCON 

(6.41 N) and those fed higher level of the FA (6.38 N) diet had numerically higher shear force values 

compared to those fed the FA1 (5.39 N) diet. 
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Table 4.2. The effect of diets containing FA on internal organs in broiler chickens.                                                           

   1Dietary treatments    

Parameters negCON posCON FA1 FA2 FA3 SEM P-values 

Gizzard (g) 37.32b 42.25c 37.68b 36.13ab 32.10a 2.25 0.01 

Liver (g) 38.72a 40.35b 39.37ab 38.07a 39.29ab 0.91 0.01 

Spleen (g) 2.27a 2.57ab 2.47ab 2.90b 2.57ab 0.26 0.05 

Provinticulus (g) 8.14 7.01 7.46 7.71 7.59 1.44 NS 

Duodenum (g) 18.04 16.62 18.10 16.66 17.44 0.61 NS 

Jejunum (g) 27.58 29.11 28.32 26.59 28.51 1.40 NS 

Ileum (g) 21.29a 22.46b 22.38b 21.53ab 21.66ab 1.06 0.23 

Colon weight (g) 3.76 3.60 2.79 2.45 1.88 1.02 NS 

Caeca (g) 9.86a 10.89ab 9.91a 11.79b 11.07b 1.07 0.03 

Intestinal length (cm) 174.50 175.31 172.27 167.13 173.90 3.30 NS 

a.b.c. means significant differences are denoted by different superscripts in a row (P < 0.05). 

 SEM = standard error of means. 

Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 
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Table 4.3. The effects of dietary treatments on meat quality traits of broiler chickens. 

                                     1Dietary treatments 

2Parameters negCON posCON FA1 FA2 FA3 3SEM P-values 

pH (45min) 6.02 6.22 6.12 6.12 6.24 0.85 NS 

Temp 14.48 13.81 13.54 13.40 13.80 0.33 NS 

Ultimate pH (24 h) 5.90 5.78 5.93 5.97 5.98 1.14 NS 

Meat colour        

• Lightness (L*) 42.19ab 42.61b 42.62b 41.90a 42.54b 0.54 0.001 

• Redness (a*) 2.67 2.77 2.18 2.11 2.33 0.22 NS 

• Yellowness (b*) 2.86ab 2.68ab 2.45a 3.40b 2.77ab 0.30 0.03 

Drip loss (%) 19.50 15.61 14.25 21.20 18.20 3.21 NS 

Cooking loss (%) 27.37 27.17 26.93 27.89 27.54 1.44 NS 

WHC (%) 11.32bb 12.40c 9.70a 10.95ab 12.35c 1.12 0.001 

Shear force (N) 5.72 6.41 5.39 6.23 6.38 0.28 NS 

a.b.c. means significant differences are denoted by different superscripts within a row (P < 0.05).  

SEM = standard error of means, 

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = n normal commercial broiler diet including 3% of FA. 

2Parameters: WHC = water holding capacity. 
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4.3.4 Individual fatty acid profiles 

The effect of dietary treatments on fatty acid profiles are shown in Table 4.4. The results illustrate 

that diet had no effect (P > 0.05) on all the SFAs parameters apart from the docasanoic (C22:00) 

acid. Birds fed the FA1 and FA2 diets had the highest (P < 0.05) concentrations of docosanoic acid 

(C22:00), whilst those fed the FA3 diet had the lowest. The major SFAs obtained across treatments 

were the palmitic acid (C16:00) and stearic acid (C18:00). With regards to the MUFAs, diet had no 

effect on any of the fatty acids. The major MUFAs obtained across treatments were the oleic acid 

(C81:1) and palmitoleic acid (C16:1). However, diet had a significant effect on the following 

polyunsaturated fatty acids (PUFAs): icosadienoic acid (C20:2) and 16-docosadienoic acid (C22:2) 

although the birds fed the posCON diet had the highest icosadienoic acid concentration, the value 

was not statistically different from those obtained for the birds fed the FA containing diets. Birds fed 

the negCON diet had the lowest icosadienoic acid. Diet also significantly altered the dihomo-gamma- 

linolenic acid (C20:3n6) with the highest value observed in chickens fed the FA3 diet (0.25) while 

posCON had the lowest. Moreover, diet also influenced the eicosatrienoic acid (C20:3n3) with the 

posCON group having the highest, while the negCON had the lowest. 
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Table 4 4. The effect of diets containing FA on fatty acid composition.                                                                           

      1Dietary treatments                                                                     

 

  

Parameters negCON posCON FA1 FA2 FA3 

 

2SEM P-values 

SFAs        

C8:00 0.10 0.03 0.03 0.03 0.05 0.02 NS 

C10:00 0.09 0.05 0.06 0.05 0.05 0.02 NS 

C12:00 0.15 0.12 0.14 0.13 0.13 0.03 NS 

C14:00 2.04 1.81 2.52 2.50 2.42 0.71 NS 

C15:00 0.20 0.25 0.24 0.25 0.25 0.06 NS 

C16:00 92.91 80.97 109.62 112.60 109.16 30.35 NS 

C17:00 0.13 0.16 0.11 0.10 0.14 0.03 NS 

C18:00 22.72 18.39 27.69 28.44 25.35 6.68 NS 

C20:00 0.25 0.24 0.19 0.22 0.28 0.06 NS 

C21:00 0.03 0.03 0.04 0.02 0.04 0.079 NS 

C22:00 0.10a 0.09a 0.15b 0.15b 0.09a 0.01 0.05 

C23:00 0.02 0.02 0.02 0.03 0.02 0.004 NS 

C24:00 0.03 0.03 0.04 0.04 0.04 0.005 NS 

MUFAs        

C14:1 0.61 0.60 0.72 0.75 0.79 0.22 NS 

C16:1 23.68 23.20 27.97 28.45 29.80 8.57 NS 

C20:2 0.26a 0.49b 0.31ab 0.38ab 0.34ab 0.06 0.05 

C22:1 0.03 0.03 0.04 0.04 0.05 0.006 NS 

C22:2 0.02a 0.02a 0.02a 0.02a 0.03a 0.003 0.05 

C24:1 0.023 0.022 0.023 0.020 0.028 0.003 NS 

C18:1cis 137.18 123.26 158.71 151.35 167.30 48.55 NS 

C18:2cis 48.00 57.85 58.31 62.11 60.80 16.20 NS 

C18:1t 0.26 0.49 0.31 0.31 0.38 0.34 NS 

PUFAs        

C18:3n6 0.61 0.60 0.72 0.75 0.79 0.22 NS 

C20:3n6 0.11a 0.07a 0.10a 0.09a 0.25b 0.05 0.05 

C20:4n6 0.03a 0.03a 0.04a 0.04a 0.05a 0.006 0.05 

C20:1& 

C18:3n3 

23.68 23.20 27.97 28.45 29.80 8.57 NS 

C20:3n3 0.26a 0.49b 0.31ab 0.38ab 0.34ab 0.06 0.05 

C20:5n3 0.02 0.02 0.02 0.02 0.03 0.003 NS 

C22:6n3 0.023 0.022 0.023 0.020 0.028 0.003 NS 
a.b.c. means significant differences are denoted by different superscripts within a row (P < 0.05). 

2SEM = standard error of means.  

P-values are the effects of dietary FA on fatty acid profiles.  
1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1= normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA; FA3 = normal commercial broiler diet including 3% of FA.  
 
,  
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4.3.5 Total fatty acids 

Table 4.5 shows results of the effect of  dietary tretaments on breast muscle fatty acid profiles. Dietary 

treatments had no effect on all the total fatty acids profiles from omega 6 fatty acid (n-6PUFA) and 

the PUFA/SFA ratio. Broiler chickens offered FA2 had a higher (P < 0.05)  n-6FAs values followed 

by those fed the FA3 diet whilst chickens fed the negCON diet had the least omega 6 fatty acid profile. 

The PUFA/SFA ratio was highest in broilers fed the posCON diet followed by those fed the FA3 diet 

while the birds fed the FA2 diet had the lowest. Despite the lack of effect of diet on the total PUFAs, 

MUFAs and omega-3 FAs, an increase in all values was apparent with the increasing levels of FA in 

the diets, with the birds fed the FA diets having numerically higher values for the parameters when 

compared to the control diets. 

 

4.4 Discussion  

A diversity of factors including nutrition, sex, age and genetic, and genetics make up have been 

observed to alter muscle development and carcass conformation of meat producing animals (López-

Pedrouso et al., 2019). In the current study, the results obatined on carcass traits are consistent with 

the results on growth performance obatined in Chapter 3 as well as the slaughter weights. The high 

carcass traits obatined in birds fed the posCON diet are confirmatory of the known effectiveness of 

antibiotics in improving growth effeciency in broilers. Nevertheless, the observed comparable values 

for carcass traits obtained in birds fed the FA diets also support the postulations that FA in diets may 

have the same effect as the conventional antibiotics on performance in broilers to a larger extend. 

This is consistent with findings from other studies using acids of similar nature (Disetlhe et al., 2019). 

This could be attributed to the fact that FA inclusion in broiler diets have the capacity to enhance 

digestion dynamics and nutrient absorption, which  improve growth and animal carcass traits (Serra 

et al., 2021; Le et al., 2016). Moreover, the observed increase in body and carcass weights with 

increase in FA in the broiler diets is also consistent with findings by (Ozurk et al., 2012).  
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Table 4.5. The effect of diets containing FA on fatty acids profiles (total nutritional indices) of broiler 

meat. 

   1Dietary treatments    

2Parameters negCON posCON FA1 FA2 FA3 3SEM P-values 

∑ SFA 118.85 102.26 140.90 144.62 138.06 37.88 NS 

∑ MUFA 209.96 205.58 246.25 243.25 259.42 73.12 NS 

∑PUFA 137.18 123.26 158.71 151.35 167.30 48.55 NS 

∑n-6PUFA 3.59a 3.78ab 4.22ab 4.84c 4.78b 0.30 0.01 

∑n-3 PUFA 3.94 3.68 4.54 5.00 4.93 1.05 NS 

PUFA/SFA 1.15ab 1.21b 1.13ab 1.05a 1.21b 1.11 0.03 

PUFA/MUFA 0.65 0.60 0.64 0.62 0.64 1.03 NS 

n6/n3 0.91 1.02 0.93 0.97 0.96 0.26 NS 

a.b.c.  means significant differences are denoted by different superscripts within a row (P < 0.05). 

3SEM = standard error of means. 

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 

2∑ SFA = sum of all saturated fatty acids (C8:00, 10:00, 12:00, 14:00, 16:00, 17:00, 18:00, 20:00, 

21:00, 22:00, 23:00, 24:00). ∑MUFA = sum of monosaturated fatty acids (cis MUFA, Trans MUFA). 

∑n6 PUFA = sum of omega 6 fatty acids (C18:3n6, C20:3n6, C20:4n6).  

∑n3 PUFA = sum of omega 3 fatty acids (C20:1& C18:3n3, C20:1& C18:3n3, C20:3n3, C20:5n3 

and C22:6n3). ∑PUFA = sum of polyunsaturated fatty acids (∑N6: ∑N3). 

PUFA/MUFA, n6/n3 = total omega- 3 fatty acids. 
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The lack of effect of the diet on dressing percentage in the current study correspondences to  the 

findings by Biagini et al. (2016) who also observed no dietary effect on the dressing percentage in 

broilers fed diets containing FA. This is also confirmatory of the lack of the negative effects of the 

FA inclusion in diets of carcass characteristics of the birds, which is desirable. 

 

According to Shang et al. (2018), the gastrointestinal tract (GIT) and gut microbial population play 

significant roles in nutrient utilisation, immune development, and disease resistance. The function of 

the gut is not only limited to nutrient digestion and absorption, but it also acts as the first defensive 

system against pathogens that may colonize and penetrate the host cells and tissues. Severance et al. 

(2015) reported that the gut is the largest immune organ found in the animal anatomy. Therefore, 

healthy animals consist of a vigorous gut, which digests and utilizes nutrients effectively (Yang et 

al., 2009). The results from the study showed no effect of FA inclusion in diet on intestinal 

parameters. The fact that all intestinal parameters were similar among all treatments, shows that FA 

inclusion in diets had no negative effect on intestinal structure and function, but rather may have had 

the same effect as the antibiotics in enhancing nutrient digestion and assimilations. Generally, humic 

substances such as FA have been found to be associated with significant changes in the structure and 

morphology of the gut (Disetlhe et al., 2019, Arif et al., 2019).  

 

The liver is the integral organ to animal growth that deals with excessive amounts of some undesirable 

substance and can simply adapt to ingredient and feed additive substitutions in rations. For instance, 

if FA inclusion in broiler diets was excessive, the excess FA will either be deemed to be toxic then 

eliminated from the animal body or will be utilized to synthesize carbohydrates and fat (Zaefarian et 

al., 2019; Zhang et al., 2020). The results on the effect of FA inclusion on visceral organs including 

the gizzard, spleen, liver caeca and Ileum weights, are consistent with the findings by Abd El-Hack, 
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(2016) and Disetlhe et al. (2017), who reported that the size of gizzards, livers and intestinal weights 

were unaltered by dietary HA and humic substances in broiler diets or drinking water.  

 

According to Mir et al. (2017), the meat functionality, taste, appearance, juiciness, and texture are 

the major attributes of meat quality. These attributes are predicted by meat instrumental 

measurements including meat pH, colour, WHC, drip loss and shear force (Kamruzzaman et al., 

2012; Geletu et al., 2021). Meat pH is a meat quality parameter that has direct influence on all other 

meat quality parameters. Generally, a decline in pH is observed 24hour post slaughter due to post-

mortem muscle biochemical activity. Thus, immediately after slaughter, broiler chicken breast 

muscle is expected to have a pH of 7.2, dropping to between 5.7 and 6.0 during the post-mortem 

period (Gonzalez-Rivas et al., 2020). Despite the lack of differences, the ultimate pH values for all 

treatments in the current study, falling between the normal setting range of 5.78 – 5.98, were within 

the expected range (Gonzalez-Rivas et al., 2020).  Ismail & Joo (2017) illustrated that lower pH 

values (<5.7) that are near the isoelectric point of the myofibrillar protein might cause depressing 

WHC and meat discoloration.  

 

The low WHC is associated with increased cooking loss and drip loss, meat tenderness and shelf life 

(Mir et al., 2017). Visual appearance (colour) is essential to consumers as it is one of the important 

factors that customers rely on for meat acceptance and purchasing decisions (He et al., 2020). Results 

from this study showed that the meat colour parameter for yellowness varied among all treatments. 

This could be attributed to the characteristic nature of the FA, which is yellow in colour that could 

have caused an increase in yellowness (b*) values in FA2 fed broilers while reducing the meat 

lightness (L*) values. Data from the present study is similar to findings of Ozturk et al. (2012), who 

observed that inclusion of 1g/kg humic substance did not influence lightness and yellowness of breast 

muscle meat. In contrary, Esenbuga et al. (2008) reported a significant influence in colorimetric 
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redness of broiler muscle meat between control group and humate groups. Various studies on higher 

concentrations of humic substance inclusion in diets showed that HA improved the visual meat 

appearance in consideration in colorimetric redness and yellowness (Disetlhe et al., 2019; Semjon et 

al., 2020; Hudak et al., 2021 & Akaichi et al., 2022). Meat lightness (L*) and redness (a*) typically 

increase with increasing weight and age at slaughter (Teixeira et al., 2005). Generally, the results of 

the study showed that inclusion of FA in the diets did not negatively alter the meat colour traits as 

observed in other studies (Disetlhe et al., 2019; Semjon et al., 2020; Hudak et al., 2021 and Akaichi 

et al., 2022).  

 

The ability to retain water describes WHC, which is a crucial parameter for consumer visual meat 

acceptability, which has a great impact on the amount of water lost during processing, storage, and 

transportation (Bertram et al., 2003; Sekali et al., 2020). Dietary treatments had no influence on drip 

loss, cooking loss and meat tenderness. This is consistent with the observations by Bai et al. (2013). 

Although the chickens offered the FA1 (9.70 %) diet had the least water loss, it appears the 

differences among the treatments was subtle. Nevertheless, the broilers fed the posCON diet showed 

the least capacity to retain water. Data from the current study is in line with similar observations 

made by Hudák et al. (2021) who reported that humic substances have some effect in meat quality 

attributes. 

 

Results from this study showed that inclusion of FA did not alter most of the fatty acid parameters as 

indicated by no differences in all the saturated fatty acids with the exception of the docasanoic fatty 

acid (C22:00). Experimental diets that were supplemented with FA had higher values of saturated 

fatty acids (SFAs) compared to the control group. High levels of unsaturated fatty acids, especially, 

myristic (C14:00), palmitic (C16:00) and stearic (C18:00) acids are undesirable as they are known 

for their hypercholesterolemia properties, which often lead to obesity, heart attack, abnormal blood 
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lipid profiles and insulin resistance in humans (Gilani et al., 2018; Wang et al., 2020). With regards 

to PUFAs, the results from the current study show that broiler chickens offered FA appeared to 

desirably increase the proportion of eicosadienoic (C20:2) and docasadienoic (C22:2) fatty acids. 

According to Ahmed et al. (2015), n-3 and n-6 (PUFAs) play a crucial role in human nutrition as 

they produce thromboxanes, eicosanoids and leucotriens, which are critical in the control of the 

cardiovascular system and immune functions. The breast muscle meat of broilers offered the FA3 

diet had the highest proportions in eicosatrienoic (C20: 3n6) (0.25) and arachidonic (C20: 4n6) (0.05) 

fatty acid.  

 

The observed increase in total MUFA and PUFAs in broiler meat with the inclusion of FA in the 

diets, compared to the control, is in line with results showed by (Mao et al., 2019). Meat containing 

a lower PUFA/SFA ratio of less than 0.4 and higher n-6/n-3 ratio (>5) is undesirable as it can lead to 

high cholesterol levels (Disetlhe et al., 2019; Wang et al., 2019). In general, the results from this 

study illustrated that inclusion of FA in diets may result in an increase in the PUFA/SFA ratio 

compared to control diets. However, diets consisting of FA appeared to reduce the total n-3/n-6 ratio. 

Therefore, the inclusion of FA can desirably affect some important fatty acid needed for the benefit 

of human and animal health. 

 

4.5 Conclusion 

Findings from this study demonstrates that inclusion of FA in drinking water as a natural feed additive 

in broiler diets can have positive effects on the carcass characteristics and meat quality attributes in 

terms of WHC, meat colour coordinates, drum, and breast muscle weights. Inclusion of FA as a 

dietary supplementation in broiler diet has a potential effect of increasing the quantity of PUFAs, n-

6 PUFA, n-3 PUFA fatty acids and the PUFA/SFA ratio, which is significant in assessing the 

nutritional value of meat. Therefore, inclusion of FA administered up to 3% does not compromise 
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the carcass and meat quality attributes of broiler chickens. Growth performances are closely 

correlates to bone development. Therefore, it is of importance to investigate the effect of FA inclusion 

in broiler diets on bone development. 
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CHAPTER 5 

THE EFFECT OF FULVIC ACID ON BONE DEVELOPMENT AND 

BROILER WELFARE 

 

Abstract 

The current study was conducted to evaluate the effect of fulvic acid (FA) inclusion in diets on carcass 

characteristics and meat quality parameters on broilers. A total of 400 (Cobb 500) day old chickens 

were reared in 40 pens (experimental unit), each pen carrying 10 birds replicated 8 times. The 

experimental diets were formulated to be isonitrogenous and isoenergetic as follows; NegCON (T1): 

commercial diets without antibiotics, posCON (T2): commercial diet with antibiotics, FA1 (T3) 

commercial diet + 1% FA1, FA2 (T4): commercial diet + 2% FA and FA3 (T5): commercial diet 

with 3% FA. The feeding trial was conducted over 3 feeding phases, Starter (day 1-14); Grower (15-

28) and Finisher ration (day 28-42). Chicks had ad libitum access to freshwater and feed throughout 

a period of 6 weeks. At day 35, one bird per pen, per treatments was randomly selected for broiler 

welfare measurements. Each bird was individually placed in a plastic storage tub, a bucket of 32℃ 

tepid water was poured into the tub of the bird(s) to a depth of 30 mm. At the end of the experiment, 

tibial samples were collected, de-flashed, weighed and examined visually to assess rickets 

prevalence. Mineral content was obtained using the ICP Spectrometer (Perkin-Elmer, 1982) Nex Ion 

300Q. Results showed that diet had no effect on latency to lie, feather and gait scoring test. The 

highest latency to lie was observed in broilers fed the positive control diet (416.21 seconds) with the 

highest standing persistence observed in broilers fed FA2 (462.28 seconds) followed by FA3 (435.36 

seconds). Diet had no effect on tibia weight, tibia length and tibia diameter proximal end. However, 

diet had a significant influence on tibia weight and tibia diameter distal end. Birds offered the 

posCON (0.60 g) diet had the highest tibia weight, whilst chickens fed the FA2 (0.50 g) diet had the 

lowest. Diet showed no dietary influence on all micro and macro minerals apart from phosphorus, 

iron and molybdenum. Serum calcium levels were higher in all the diets containing FA compared to 
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the control. FA inclusion in diets also increased calcium levels and ash concentration with increment 

levels. From the results, it can be concluded that increasing the levels of FA in drinking water 

improved the broiler welfare in chickens. 

 

Keywords: Gait; Latency-to-lie; Poultry health; Rickets incidence; Tibia biomechanics; Tibia gross 

mineralization. 

 

5.1 Introduction 

The broiler industry has made significant progress in improving the economics, genetics, 

management, development of vaccines, nutrition, and availability of chicken as a cost-effective 

source of protein (Weimer et al., 2020). Moreover, the use of antibiotics has resulted in significant 

enhancement of growth, feed efficiency and immunocompetency in broilers. Nevertheless, the rapid 

broiler growth rates have been associated with some negative effects on welfare, health, and general 

production in broilers (Bessei, 2006). Rapid growth rate in broilers has been observed to cause 

skeletal deformities, lameness, and metabolic illnesses such as sudden death syndrome and peritoneal 

fluid excess, which all increase mortality rates (Wideman, 2016; Hartcher & Lum, 2020). Apart from 

the associated welfare issues, the use of conventional antibiotics has been causing increased anxiety 

among consumers because of the accumulation of residues in meat and increased antimicrobial 

resistance, which may affect human health (Weimer et al., 2018). This, therefore, calls for the 

exploration of alternatives to antibiotics, which have the effects of improving growth rates, welfare 

and survival rates in broilers. 

 

The inclusion of some organic acids in diets have shown great potential as replacements for the 

conventional antibiotics particularly with regards to enhancement of bone development. For example, 

supplementation of broiler diets with humic substances was reported to prevent bone resorption while 
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stimulating bone formation, leading to an increase in bone mass matrix (Bezuglova & Klimenko, 

2022). Moreover, humates were reported to positively influence mineral repartition towards bone 

development, ensuring clinically strong legs and welfare of broiler (Yan et al., 2016). According to 

Steenfeldt et al. (2018) and Kolakshyapati et al. (2019), leg health and broiler metabolism are of 

major concern to geneticists, veterinarians, nutritionists, researchers, and broiler producers. 

Assimilation of minerals during digestion can be improved by organic acids and humic substances 

Nkukwana et al. (2014) and increase mineralization degree in the bone matrix (Jad’uttová et al., 

2019). Normally, lack of calcium and phosphorus in diets could result in poor bone development and 

cause blood hypocalcaemia that can cause decreased mineralization and bone strength (Jasielska and 

Grzybowska-Chlebowczyk, 2021). 

 

FA is one of the humic substances that can be included in broiler diets with potential beneficial effects 

on welfare in broilers (Domínguez-Negrete et al., 2019). While there is a vast body of information 

on the possible inclusion of HA in broiler diets as alternatives to the conventional diets, nothing is 

known on the effects of FA on bone development and welfare in broilers. Therefore, the study 

investigated the effects of FA inclusion in diets on bone development and welfare in broiler chickens.   

 

5.2 Materials and methods 

5.2.1 Study site, source of diets and animal management 

The description of the study site, diet formulation and experimental design was provided earlier on 

in Chapter 3 under Sections 3.2.1-3.2.3 whilst the slaughter procedure is described in the previous 

Chapter under Section 4.2.2. 
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One chicken was randomly chosen from a pen per treatment at 35 days old. The birds were exposed 

to the latency to lie (LTL) test. According to Berg & Sanotra (2003), the test is conducted on the 

basis that broiler chickens tend to avoid contact with water with their bodies as long as possible. Each 

bird was individually placed in a plastic storage tub, and a bucket of 32℃ tepid water was then poured 

into the tub of the bird(s) to a depth of 30 mm. According to the theory, it is stated that the better the 

leg health of the broiler, the longer it would stand up to avoid body contact with the water. The time 

it takes for the bird to sit down was recorded. The test was stopped if the chicken remained standing 

after 10 minutes because the legs were regarded sturdy and healthy. 

 

5.2.3 Gait scoring  

Gait scoring is known as the ability to walk, by showing little variation overtime and showing good 

leg health status (Perpetuini et al., 2022). One bird per treatment was randomly chosen to observe the 

leg health by their gesture and locomotion. This was done to increase the likelihood of observing 

chickens across a range of walking abilities. A 5-point rubric for gait scoring chickens was used to 

access the chickens’ walking abilities. According to Karcher et al. (2013), a score of 0 was assigned 

to broilers that walked without any obstacles. Chickens deemed to walk almost perfectly were 

assigned between 1 and 2 (moderate gait). Chickens deemed to have a slight limp were assigned a 

score of 3. Chickens that were reluctant to walk were scored 4, while those that could not walk at all 

were assigned a score of 5 (poor gait). 

 

5.2.4 Feather scoring  

Feather scoring was performed at day 35. One bird per treatment was randomly chosen and then 

feather scored. Four body parts including the neck, wings, chest and back were given a score from 1 

to 3 scoring system adapted from (Bright et al., 2016 and Schwarzer et al., 2022). 
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5.2.5 Tibia gross lesion analysis and tibia linear parameters 

At exactly day 42 of the experiment, the chickens were sent for necropsy to obtain bone samples for 

analysis of bone development. 6 right tibiae were surgically removed from each treatment, with all 

the flesh meticulously removed including cartilage caps. Thereafter, the muscle around the tibia was 

carefully removed, a very sharp scalpel was used to dissect the proximal end and expose the growth 

plates. The epiphyseal plates of the tibia bones were visually assessed for gross lesions and growth 

plate parameter measurements taken. The left tibiae were also obtained and weighed to obtain the 

tibia weight (TW), after which the following tibia linear measurements were determined using a 

Toshiba-Rotanode X-ray (Toshiba Electron Tubes and Devices. Tochigi. Japan) connected to the 

point-of-care (CR140) system for digital imaging: Tibia diameter proximal end (TDPE), tibia 

diameter mid-section (TDM), tibia length (TL) and tibia diameter distal end (TDDE).  

 

5.2.6. Bone ash and mineral content 

For the purpose of determining the laboratory dry matter (DM), the tibiae were placed into pre-

weighed crucibles and heated to 105°C for a duration of 12 hours. The difference between the initial 

sample weight and the dry weight was used to calculate the moisture content, which was then used 

to measure the weight loss. The tibiae were broken into small pieces then placed into a muffle furnace 

at 600°C for 24 hours to determine the amount of organic matter (OM). Samples where later cooled 

down in a desiccator for 40- 60 minutes before being weighed to determine ash percentage. Ash was 

used to represent the residue and organic matter (OM) content served as a proxy for weight loss. 

The following formula was employed as a percentage expression for tibia ash. 

 

                             Tibia bone ash % =  
𝑇𝑖𝑏𝑖𝑎 𝑎𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑡𝑖𝑏𝑖𝑎 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
    x 100 
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Mineral content was determined at the Animal Health laboratory to the procedures of the Agri-

Laboratory Association of Southern Africa's criteria (Agri LASA, 1998). The bone samples were 

ashed for 12 hours in a muffle furnace. The ash was weighed and digested in a Microwave Reaction 

System Model 3000 with 1 mL of 55 % nitric acid, therefore, samples evaporated to dryness on a 

slightly hot plate. Samples were later removed and allowed to cool and put into volumetric flasks 

(100 mL), which was later topped up with distilled water and permitted the sediment to settle for 24 

hours. Samples were decanted to McCartney bottles using Whatman filter papers into 14/15 ml 

centrifuge tubes without disturbing the sediment once 24 hours had passed. The concentration of 

minerals was determined using an ICP mass spectrometer. (Perkinelmer, NexION 300Q). 

Microminerals were measured in mg/kg DM, while macrominerals were measured in g/100 g DM. 

 

5.3 Statistical analysis  

Data on latency to lie, tibia parameters and mineral content were analysed using the GLM procedure 

of (SAS, 2010) with dietary treatment as the only fixed effect. Mean separation was compare using 

the probability of difference option of (SAS, 2010). The level of significance was set at P < 0.05, for 

all statistical tests. 

The employed linear model is as follows: 

𝑌𝑖𝑗 = µ + 𝑡𝑖 + 𝜀𝑖𝑗 

Where Yij = the observation of the dependant variables (bone development). 

µ = the overall mean (general mean) constant to all observations. 

 ti = the ith fixed effect of the diet level.  

 εij = random error or residual effect associated with ijth observation. 
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5.4 Results  

5.4.1 Latency to lie test, gait and feather scores  

The effects of dietary FA inclusion in broiler diet on broiler welfare indicators are shown in Table 

5.1. From the table, diet lacked significance effect on all the welfare measurements (latency to lie, 

gait and feather score) of the broiler chickens. Broilers fed the posCON diet had the highest tendency 

to lie as reflected by the lowest time before they lay down (416.21 seconds). Nevertheless, chickens 

fed the FA2 and FA3 diets appeared to have higher standing persistence with birds fed the FA2 diet 

having numerically higher standing periods (462.28 seconds) followed by those fed the FA3 diet 

(435.36 seconds).  Gait score ranged from 1.62 to 2.00 and feather score ranged from 1.25 to 1.75. 

 

5.4.2 Tibial growth plate analysis 

The results on the tibia histomorphometry of the birds are presented in Table 5.3. The results revealed 

no effect of diet on all the tibial growth plate parameters (hypertrophic zone, proliferative zone and 

growth plate). Nevertheless, the birds fed the posCON and FA3 diets appeared to marginally have 

higher values for the proliferative zone and the total growth plate area. 
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 Table 5.1. The effect of dietary FA inclusion on welfare indicators in broiler diets.       

 

                1Dietary treatments  

 

  

2Parameters negCON posCON FA1 FA2 FA3 3SEM P-value 

LTL (seconds) 423.10 416.21 403.93 462.28 435.36 83.42 NS 

Gait Score 1.87 2.00 2.00 1.75 1.62 0.14 NS 

Feather Score 1.25 1.62 1.75 1.25 1.62 0.19 NS 

3SEM = standard error of the means.  

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 

2Parameters: LTL = latency to lie. 

NS = no significance 
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Table 5.2. The effect of dietary FA inclusion on tibia gross lesion analysis in broilers.                                             

  1Dietary treatments 

 

    

       

Parameters negCON posCON FA1 FA2 FA3 2SEM P-value 

Hypertrophic zone (mm) 4.33 5.33 4.86 5.66 4.66 0.93 NS 

Proliferative zone (mm) 0.90 1.00 0.93 0.83 1.00 0.09 NS 

Growth plate(mm) 5.23 6.33 5.80 5.50 6.66 0.92 NS 

2SEM = standard error of the means.  

NS = no significance 

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 
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5.4.3 Tibia biomechanical parameters 

The results of the effect of FA inclusion in tibia linear parameters in broiler diets are shown in Table 

5.3. Diet had no effect on tibia weight, tibia length and tibia diameter proximal end. However, diet 

had a similar influence (P < 0.05) on tibia weight and tibia diameter distal end. Birds offered the 

posCON (0.60 g) diet had the highest tibia weight, whilst chickens fed the FA2 (0.50 g) diet had the 

lowest. Values for posCON, FA1 and FA3 were not statistically different in terms of tibial diameter 

distal end measurements with the highest value observed in chickens fed the FA3 (1.80 g) diet 

followed by those offered the posCON (1.77 g) diet with FA3 having the least values. 

 

5.4.4 Bone ash and mineral content  

Tibia bone ash and mineral content results are demonstrated in Table 5.4. From the results, there was 

no effect of diet (P < 0.05) on all minerals apart from phosphorus, iron and molybdenum. Serum 

calcium levels were higher in all the diets containing FA compared to the control. Highest calcium 

levels were observed in birds fed the FA3 diet (5.20 mg/l) and the lowest levels in broilers offered 

posCON (3.99 mg/l). Phosphorus levels were also higher in chickens offered FA3, while chickens 

offered the negCON diet contained the least phosphorus levels. The highest iron content was 

observed in chickens fed the FA3 (322.51 mg/l) diet while the negCON diet had the lowest (272.41 

mg/l). Ash percentage significantly increased in dietary FA supplementation groups. The highest ash 

percentage was recorded in chickens offered the FA3 diet (97.92%) followed by chickens fed the FA 

diet (97.52%). Generally, an increase in bone ash and mineral content was observed in dietary 

treatments that included FA. 
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Table 5.3. The effect of dietary FA inclusion on tibia biomechanics in broiler diets. 

  1 Dietary treatments     

Parameters negCON posCON FA1 FA2 FA3 2SEM P- value 

Tibia weight (g) 23.79 24.63 21.82 22.63 24.15 2.11 NS 

Diameter weight (g) 0.57b 0.60c 0.53b 0.50a 0.56b 0.04 0.03 

Tibia length (cm) 10.50 10.53 10.46 10.10 10.26 0.16 NS 

Tibia proximal (cm) 1.70 1.83 1.66 1.56 1.80 0.10 NS 

Tibia distal (cm) 1.65b 1.80b 1.66b 1.53a 1.77b 0.10 0.05 

a.b c. means significant differences are denoted by different superscripts in a row (P < 0.05). 

2SEM = standard error of the means.  

NS = no significance. 

 1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 
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 Table 5.4. Bone ash, micro and macro mineral content in broiler bones supplemented with FA.                                                     

                   1Dietary treatments      

Parameters negCON posCON FA1 FA2 FA3 2SEM P-value 

Calcium (mg/l) 4.96b 3.99a 4.97b 4.89b 5.20c 0.40 0.001 

Phosphorus (mg/l) 1.25 1.44 1.31 1.37 1.44 0.09 NS 

Ca:P 3.97 2.77 3.79 3.57 3.61 0.41 NS 

Copper (mg/l) 11.55 14.46 6.38 3.59 8.99 2.80 NS 

Cobalt (mg/l) 2.62 3.35 3.44 3.65 4.99 0.23 NS 

Iodine (mg/l) 0.21 0.18 0.24 0.22 0.24 0.04 NS 

Manganese (mg/l) 93.80 75.52 63.83 78.38 78.45 23.15 NS 

Zinc (mg/l) 270.34 107.07 101.05 93.91 105.64 79.86 NS 

Iron (mg/l) 272.41a 294.44b 281.37b 320.36c 322.51c 58.21 0.03 

Sulphur (mg/l) 1081.43 1335.80 1575.12 848.94 1664.71 220.48 NS 

Molybdenum (mg/l) 16.48c 6.27a 9.39b 8.49b 16.48c 2.58 0.03 

Ash (%) 96.92ab 97.16b 93.85a 97.52b 97.92b 1.47 0.06 
a.b.c, means significant differences are denoted by different superscripts in a row (P < 0.05). 

1Diet: negCON = negative control containing a standard antibiotic-free commercial broiler diet; 

posCON = positive control containing a standard commercial broiler diet combined with antibiotics; 

FA1 = normal commercial broiler diet including 1% of FA; FA2 = normal commercial broiler diet 

including 2% of FA. FA3 = normal commercial broiler diet including 3% of FA. 

2SEM = standard error of the means.  

NS = no significance. 
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5.5 Discussion 

This study intended to assess the effect of FA inclusion in broiler diet on broiler welfare and bone 

development. The results of the welfare measurement indices demonstrated no effect of FA inclusion 

on all the welfare measurements. This is contrary to previous studies by Disetlhe et al. (2017), who 

observed differences in relative measurements caused by HA, a humic substance similar to FA. 

According to Weeks et al. (2002), the LTL test can either be conducted in groups or individually 

(Berg & Santora, 2003). In this current study, the LTL was conducted individually. Data from this 

current study is in line with results of Weimer et al. (2020), who reported that the LTL test would 

provide a quantitative grit of leg health that was sensitive enough to scale stress and pain experienced 

by broilers, which had bigger body weights. The presumption was that birds with weaker bones are 

expected to sit sooner as they might experience more leg pain quicker compared to chicken with 

stronger bones. Numerically, chickens fed the posCON (1959.27 g) diet had lower standing 

persistency followed by chickens offered FA1 the (1942.10 g) diet, this might be due to the higher 

body weights allowing them to sit within minutes. Moreover, chickens offered the diets containing 

higher levels of FA had longer standing persistency compared to the control groups.  This could be 

attributed to the humic substances such as fulvic, humic and ulmic acid capabilities in influencing 

the cell wall absorption and accelerated mineral transfer from the blood to the bone and the cells, 

enhancing stronger leg health (Yildiz et al., 2013; Jaďuttová et al., 2019). Data from the current study 

is also consistent with the findings of Disetlhe et al. (2017), who observed higher standing persistency 

in birds fed diets containing 1.5% potassium humate.  

 

Gait score systems are the most often used instruments for assessing the walking ability and 

asymmetry in chickens (Sassi et al., 2016). Gait score definitions should be descriptive enough to 

allow different users to interpret and use them in a similar manner for the results of their analyses to 

be meaningful and to allow comparisons to be made across assessments or studies (Makagon et al., 
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2015). In the present study, it was discovered that the 3-point gait score system categories correlated 

with gait structural measurements and were linked to both strong intra-rater agreement. Therefore, 

results from the current study, falling within a range of 1.62 to 2.00, were equivalent to best gait 

scoring, attributing to strong healthy legs of broilers fed diets containing FA as a feed additive. 

Previous studies on FA supplement effect on feather scoring is limited. However, results from this 

study showed positive feedback on chickens fed FA inclusion, which had moderate feather scoring 

as the visual plumage assessment score. The results fell within a range of 1.25-1.62. Data from the 

current study is in line with observation of (Schwarzer et al., 2022). 

 

From the results, it appeared that broiler chickens fed the FA1 and FA2 diets resulted in a slight 

decrease in tibia linear measurement.  Nevertheless, high values were obtained in birds fed the FA3 

diet. According to Jad’uttová et al. (2019), high values obtained on birds fed the FA3 diets could be 

due to the effects of FA in enhancing intestinal permeability, subsequently increasing the absorption 

and assimilation of calcium and phosphorus for bone development. Humic substances have 

previously been reported to increase mineral uptake in broiler bone mineralization matrix (Disetlhe 

et al., 2017; Angeles et al., 2022). Studies by Nkukwana et al. (2014) and Yan et al. (2006), reported 

that depression in linear biochemical parameters can be attributed to low available phosphorus and 

increased calcium concentration levels without phytase supplementation. It has been revealed that the 

ability of the bone structure of an immature growing bone to withstand weights is genetically 

associated and further influenced by whether the chickens were given access to feed ad libitum 

(Williams et al., 2004). In general, when a chick gets older, its phosphorus needs to decrease. 

Furthermore, a few studies have concentrated on phosphorus requirements at three or four weeks of 

age to correspond with increases in broiler feed intake when faecal excretion is higher due to poor 

utilization (Yan et al., 2001). However, this observation does not appear to be associated with 

any severe incidence of rickets as previously reported by (Pelicia et al., 2012). The organic material 
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in the bone mass of broiler tibial bones was converted normally, resulting in healthy tibial without 

any signs of rickets. This finding conflicts with those of Disetlhe et al. (2017), who reported least 

calcium and phosphorus levels supplemented with 1.5% humates, observing a transition of the 

proliferate zones in the tibia zones, which is connected to the incidence of rickets. 

 

Phosphorus and calcium are micro elements which plays a crucial role in bone development and 

energy metabolism (Ciosek et al., 2021). Data on the current study shows that inclusion of FA was 

linked to an increase in calcium. However, both the phosphorus and calcium concentration in birds 

fed diets containing FA increased with increasing levels of FA in diets. This data is in line with 

Ozturk et al. (2012), who also observed similar results of increased levels of plasma phosphorus 

concentrations in broiler diets supplemented with 1.5 g/kg humic substance. In contrast to the 

increased levels of plasma phosphorus and calcium in FA diets, Rath et al. (2006) showed a trend for 

calcium and phosphorus content to be reduced by HA. Additionally, Yildiz et al. (2013) also observed 

no influence of humic substances on bone development and mineral content.  

 

According to Jaďuttová1et al. (2019), humate substances consist of a significant number of 

carboxylic acid groups with chelating properties of metals and could have caused a reduction of 

calcium and phosphorus concentration in blood serum, which can be allied to improve mineral uptake 

in broiler bone mineralization (Jad’uttová et al., 2019). The results of the current study also concur 

with findings by Yildz et al. (2013) and Angeles et al. (2022), who observed that broilers offered 

humate substances demonstrated an increase in calcium and ash concentration in tibia bone as well 

as an increases in copper, iron, and calcium content in broiler meat concentration (Angeles et al., 

2022). For most chicken rations, the micromineral calcium generally has a higher accessibility than 

phosphorus, but phosphorus accessibility varies significantly depending on the source (Williams et 

al., 2000; Waldenstedt, 2006). Because of this, when calcium is also restricting, phytase 
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supplementation has no effect on phosphorus deficiency (Yan et al., 2006). The lack of significant 

influence of FA on phosphorus does not agree with results presented from previous studies in broiler 

supplementation of HS that increased both calcium and phosphorus mineral content (Disetlhe et al., 

2017, Domínguez-Negrete et al., 2019). This can be due to the reduction in calcium and available 

phosphorus intake in conjunction with reduced feed intake in broilers offered FA (Domínguez-

Negrete et al., 2019). 

 

5.6 Conclusion 

From the results, it can be concluded that increasing levels of FA in drinking water improved the 

broiler welfare in chickens. FA inclusion in diets also increased calcium levels and ash concentration 

with increment levels. Although there was a slight depression at the tibial biomechanical 

measurements in birds fed diets containing FA, this did not have any effect on the tibial gross lesion 

incidences as no incidence of rickets was observed in the leg health. Therefore, it is evident that FA 

inclusion in diets can desirably influence bone development, leg health and general welfare in 

broilers.  
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CHAPTER 6 

GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

 

6.1 General discussion  

The conflict between animals and humans for food and feed has increased due to the development of 

both human populations and livestock. The fastest way to meet the continent of Africa's growing 

demand for animal protein is probably through poultry production. This is because of their rapid 

reproduction, short generation interval and effective food processing into high quality protein 

(Nkukwana, 2018). The high poultry productivity, broilers, has been achieved through genetic 

improvement and the use of AGPs. Nevertheless, the use of conventional antibiotics has caused some 

anxiety among consumers due to the associated risks on consumer health. Hence the need to explore 

alternatives to conventional antibiotics. Previous studies that have proposed to substitute humic 

substances for part of AGPs showed that this feed additive can potentially promote improved poultry 

performance and meat quality traits without jeopardizing the health status and well-being of the 

chickens (Schmidt et al., 2019).   

 

In this experiment a study was conducted for a period of 42 days to investigate the impact of FA in 

broiler diets on growth performance, blood parameters, physiological characteristics, and meat 

quality parameters on Cobb 500 broiler chickens. FA was included in water in place of AGPs at 1% 

(FA1,) 2% (FA2) and 3% (FA3). The effect of dietary FA inclusion in diets on growth traits, blood 

parameters and protein utilization efficiency of broilers was assessed in Chapter 3. The results 

showed that inclusion levels of FA in broiler diets had no negative effects on growth performance 

and protein utilisation efficiency, particularly in the finisher phase, as highlighted by the similarities 

in performance among the dietary treatments. Nevertheless, the inclusion of FA above 2% appeared 

to depress the daily feed intake in the last two feeding phases, which could have compromised the 
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performance of broilers. With regards to haematology, the inclusion levels of FA up to 3% had no 

effect on haematology parameters apart from the platelet count. However, the inclusion of FA in diets 

significantly influenced the following serum biochemical parameters: SDMA & ALK/ALP, whereby 

lower values were observed in FA supplemented diets. This indicates that FA did not affect the liver 

and kidney functions. Generally, all values for serum biochemistry and haematology observed in this 

study fell within the normal setting range for normal and healthy broilers.   

 

In Chapter 4, the effect dietary FA inclusion in broiler diets on carcass characteristics and meat 

quality parameters was assessed. The results of the study showed that diet significantly affected all 

measured carcass parameters apart from the dressing percentage, chilling loss percentage and the 

thigh index. The HCW was the highest in broilers fed the posCON diet followed by in FA2 and FA1. 

The breast muscle and shank weights were the lowest in the negCON diets, implying that FA can be 

used as a potential supplement without affecting carcass traits and external organs. The results on 

meat quality parameters also demonstrated a lack of significant effect on diet on breast initial, 

ultimate pH and temperature, dripping loss, cooking loss and shear force. However, diet altered the 

WHC and 2 colour coordinates (yellowness and lightness). With regard to meat colour, broiler muscle 

fed the posCON, FA1 and FA3 groups had the highest colour coordinates for lightness, while broilers 

fed the FA2 diet had the lowest. Results on WHC illustrated that breast muscles from broilers fed the 

FA1 group had the lowest value showing the greatest WHC capabilities followed by breast muscle 

broilers from the FA2 diet. With regards to fatty acid profiles, highest values for PUFAs, n-3 fatty 

acids and n-6 fatty acids were observed in all the FA containing diets particularly in the FA2 and FA3 

groups. FA inclusion increased the PUFA/SFA ratio whilst at the same time, reducing the n-6/n-3 

ratios, which are essential tools in assessing the nutritional value of the meat.  
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 In Chapter 5, the effect of FA inclusion in diets on bone development and welfare measures was 

assessed. The results showed that diet had no effect on all the welfare measurements. Nevertheless, 

broilers fed the FA2 and FA3 diets appeared to have the highest standing persistence, indicating that 

the inclusion of FA in two experimental diets led to the optimum bone strength qualities. Diet had no 

effect on tibia length and tibia diameter proximal end. However, diet had a significant influence on 

tibia weight and tibia diameter distal end. Birds offered the posCON diet had the highest tibia weight, 

whilst chickens fed the FA2 diet had the lowest. Diet showed no dietary influence on all micro and 

macro minerals apart from phosphorus, iron and molybdenum. Serum calcium levels were higher in 

all the diets containing FA compared to the control group. Overall, FA was shown to have great 

potential as an alternative for antibiotics in broiler diets. Collectively, findings from this study may 

be useful in developing low-cost feed formulas that will benefit customers and enhance future chicken 

farming systems for growth performance, health status, carcass features, meat quality, and bone 

development. 

 

6.2 Conclusion and recommendations 

The study showed that inclusion of FA in broiler diets did not compromise the nutrient utilization 

efficiency, broiler performance, health status, meat quality traits, internal organs carcass traits and 

bone development of broiler diets. The inclusion FA in broiler diets represents a sustainable, cost-

effective, safe and environmentally friendly way of providing high quality and naturally produced 

meat and meat by products. Therefore, FA can be recommended to small scale and commercial 

farmers as a natural feed additive, safely administered at 3%, with significant improvement in broiler 

performance, health status, meat quality, bone development and broiler welfare in broilers. 
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6.3 Future prospects 

While the findings from the current study revealed that adding FA in broiler diets encouraged 

comparable performance, in terms of growth, haematology, serum biochemistry, carcass 

characteristics and meat quality traits, as with the antibiotics diet in unchallenged broilers, inclusion 

levels higher than 3% may negatively affect broiler health and growth performance. Therefore, 

possible research can be designed to investigate the administration of FA in broiler diets on 

performance traits and immune development in challenged birds. The challenge can be in the form 

of heat stress, feed deprivation and infection. This may provide valuable information on how to use 

FA in cases of disease outbreaks or some discomforts that may affect the welfare of birds. 
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