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GENERAL ABSTRACT
This study was designed to investigate the effects of selected zootechnical feed additives [probiotic
(live Bacillus subtilis), organic acids, protease enzyme and chelated minerals] combinations as
alternatives to zinc-bacitracin (ZnB) antibiotic growth promoter in broiler diets on growth
performance, blood parameters, meat quality and tibia bone parameters. Eight hundred Cobb
broiler chicks were evenly distributed to 40 pens to which five dietary treatments: negative control
(T1) (commercial broiler diets with no antibiotics); T2 (positive control (commercial broiler diets
with zinc-bacitracin); T3 (T1 + chelated minerals + protease enzyme); T4 (T1 + chelated minerals
+ protease + organic acids) and T5 (T1 + chelated minerals + protease + probiotic) were randomly
allocated. The inclusion levels of chelated minerals, protease enzyme, organic acids and probiotic
were 0.03, 0.05, 0.5 and 0.02%, respectively. The chelated minerals additive was a composite of
19.3% copper, 36% zinc, and 44.7% manganese by weight. A maize grain-soybean meal-based
starter diet was fed to chicks from 0-13 days of age. On days 14, 15 and 16, after a 16 hour fast,
the birds were challenged with a high protein diet (40% soybean meal and 10% poultry byproducts) and a finisher diet was fed thereafter till day 35. Intake and weight gain data were used
to calculate average daily feed intake (ADFI), feed conversion ratio (FCR) and average daily gain.
There was no week × diet interaction effect on feed intake (FI), body weight gain (BWG) and
FCR. There were no dietary effects (P>0.05) on FI, average daily gain and FCR. Haematological
parameters influenced (P<0.05) by the diet were haemoglobin and haematocrit (HTC) only.
Chickens fed T5 (9.57 ± 0.32 g/dl) and T1 (9.52 ± 0.32 g/dl) had the highest haemoglobin levels
while T2 resulted in the lowest levels. T1 (0.37 ± 0.01%) also caused the highest number of
haematocrit followed by the T5 (0.36 ± 0.01%) and T2 (0.31 ± 0.1%) resulted the lowest value of
haematocrit. Dietary treatments did not have any effect (P>0.05) on erythrocytes, leucocytes,
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neutrophils, lymphocytes, monocytes, eosinophils, basophils and normoplasts. The serum
biochemistry indices, alanine transaminase (ALT), sodium and total serum protein were
significantly (P<0.05) influenced by the dietary treatments but not aspartate aminotransferase
(AST), potassium, albumin, urea, calcium and cholesterol. T2 (8.50 ± 1.57 IU/L) resulted in the
highest level of ALT compared to the lowest of treatment T3 (2.25 ± 1.57 IU/L). Feeding T1 (33.37
± 1.14 g/l) caused the highest total protein meanwhile T2 (29.75 ± 1.14 g/l) diet resulted in the
least total protein. The T1 continues with same trend of causing the highest level even in sodium
while T3 (144.00 ± 1.25 mmol/l) resulted in the lowest value. The T1 (0.39 ± 0.05 mmol/l) diet
also had the highest urea levels and T3 (0.20 ± 0.05 mmol/l) the lowest. There were no dietary
effects (P>0.05) on bone development parameters. Similarly, dietary treatments did not influence
(P>0.05) all carcass traits. Diet had no effect (P>0.05) on all internal organs apart from the spleen
and proventriculus. The highest weight of spleen was observed in chickens fed T3 (3.81 ± 0.32 g)
while T1 (2.12 ± 0.32 g) had the lowest weight. T3 (12.63 ± 0.61 g) had the heaviest proventriculus
weight while T2 (9.63 ± 0.61) had the lowest weight. The results of external organs of broilers
also showed a lack of significant effect (P>0.05) of diet on breast, drumstick, wing, head and shank
weights. However, diet had an effect (P<0.05) on neck weight; T1 (55.50 ± 2.08 g) promoted the
heaviest necks while T3 (44.88 ± 2.08 g) promoted the lightest neck weight. With regards to meat
quality measurements, there was no dietary effect (P >0.05) on pH, dripping loss and shear force.
All meat colour parameters were not influenced by diet apart from redness. Overall, the proposed
zootechnical feed additives were shown to have potential as alternatives to zinc-bacitracin
antibiotic growth promoter in broiler diets. Collectively, the results of this study can be used in
informing formulating antibiotic-free diets that will not have any negative effects on growth
performance and the meat quality of broilers.
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1.1

CHAPTER 1 - GENERAL INTRODUCTION
Background

The main goal in livestock production is to maximise yields at a low cost without compromising
quality of the product. The use of drugs and similar products, as feed additives, to enhance growth
are important strategies for achieving this goal (Huyghebaert et al., 2011), however the integrity
in application of drugs in livestock production is in question. In broiler production, the use of feed
additives results in increased body weight gain (BWG) over a short period of time, often
accompanied by lower feed intake (FI). Broilers are susceptible to micro-organisms such as
Salmonella spp., Escherichia coli and Clostridium perfringens, which establish a pathogenic
microbiota population in the small intestine resulting in poor digestion and competition with the
host for nutrients (Engberg et al., 2000). Traditionally, antibiotics have been used to control these
pathogenic micro-organisms due to their antimicrobial effect and are also used as growth
promoters.
Antibiotics can be defined as naturally-occurring semi-synthetic and synthetic compounds with
antimicrobial activity that can be administered orally, parentally or topically. They are used in
human and veterinary medicine to treat or to prevent diseases, and for other purposes including
growth promotion in animal feed (Phillips et al., 2003). Antibiotic growth promoters (AGP) have
been widely used in poultry feed for the last 50 years (Yegani & Korver, 2008). Antibiotics are
used therapeutically to improve the general health and well-being of animals, but are mostly given
for prophylactic or methaphylaxis purposes to avoid risk of infections. They are also given to
improve growth rate and feed conversion efficacy (as antimicrobial growth performance
promoters) (Huyghebaert et al., 2011).
1

1.2

Problem statement

The use of antibiotics as growth promoters in animal feed has raised concerns about increased
resistance by pathogens to antibiotics and the existence of antibiotic residues in animal products
(Truscott & Al-Sheikhly, 1977; Waldroup et al., 1985; Powell et al., 1998; Hernández et al., 2005;
Pirgozliev et al., 2008). These concerns saw the European Union (EU) ban AGPs in 2006
(Castanon, 2007), which resulted in animal performance problems caused by poor feed conversion
efficiency and a rise in animal diseases such as (subclinical) necrotic enteritis (Wierup, 2001;
Dibner & Richards, 2005). Therefore, viable alternatives to AGPs must be identified and
introduced to enhance animal performance. Chelated trace minerals, organic acids, prebiotics,
probiotics, herbs and etheric oils may have the potential to increase performance, improve
resistance to pathogenic bacterial colonisation and enhance mucosal immunity, consequently
reducing pathogenic load and improving the health status of animals (Yalcinkaya et al., 2008;
Huyghebaert et al., 2011).
1.3

Justification

Various studies (Huyghebaert et al., 2011; Demir et al., 2003) have been conducted to determine
the effects of alternatives to AGPs on growth indices and their general effect on the microbiota
and carcass characteristics of broilers (Ashayerizadeh et al., 2011). However, there is a paucity of
information on the effectiveness of combinations of organic acids, enzymes and probiotic feed
additives as alternatives to AGPs in broiler chickens. Such combinations may result in positive
associative effects, thus enhancing the effectiveness of these feed additives as substitutes for
AGPs. Consumers are concerned about the role of antibiotic feed additives in the proliferation of
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drug-resistant pathogenic bacteria. This has resulted in a high demand for antibiotic-free animal
products.
1.4

Research aim

The aim of the current study is to investigate the effects of an organic acid, a probiotic, minerals,
and enzymes and their combinations on the performance, organ size, bone development and meat
characteristics in broilers, as alternatives to AGPs. The effect of these feed additives will be
compared to Zn-bacitracin, a commonly used AGP in broiler diets.
1.4.1 Specific research objectives
To evaluate the effects of combinations of feed additives [organic acid, a probiotic (Bacillus
subtilis), chelated minerals (Zn, Mn and Cu) and protease enzyme] as alternatives to AGPs in
broiler diets on:
1.

Growth performance, feed intake (FI) and feed utilisation efficiency

2.

Blood biochemistry and general blood count

3.

Carcass traits and bone parameters.

1.5

Research hypothesis

The proposed zootechnical feed additives will improve the production parameters, feed utilisation
efficiency, bone parameters and meat quality in broiler chickens.
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2.1

CHAPTER 2 - LITERATURE REVIEW
Introduction

Around the world, poultry production is amongst the largest growing segments of the animal
industry. Advances in genetics, nutrition, housing and marketing of broiler chickens have fuelled
the expansion of the poultry industry. This has led to the growth of more controlled and intensive
production systems designed to increase number of birds produced within a short time frame using
minimum space (Moore et al., 1946). However, increased production has led to outbreaks in a
number of diseases such as necrotic enteritis (Bray, 2008). As a result, antibiotic growth promoters
(AGPs) were introduced to control disease outbreaks after animals fed dried mycelia of
Streptomyces aureofaciens demonstrated substantial improvements in growth (Castanon, 2007).
Moore et al. (1946) and Jukes et al. (1950) were the first to report the beneficial effect on
production efficiency of feeding antibiotics at sub-therapeutic levels.
2.2

Enteric diseases

Disease is defined as any malfunction or disturbance of the normal structure and function of any
part, organ or system within the host (Hoerr, 1998). Enteric diseases refer to the malfunction of
the gastrointestinal tract (GI tract) (Hoerr, 1998). In poultry production, enteric diseases have a
negative impact on production and also pose a threat to human health through food-borne illnesses
(Patterson & Burkholder, 2003). All these contribute to an increase in the costs related to poultry
production.
The primary functions of the GI tract are to carry out the processes of digestion and absorption of
nutrients, which are both influenced by the transit time of the digesta, pH and changes in the net
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absorption of water (Hoerr, 1998). In addition, the GI tract can act as a barrier, protecting internal
organs from exposure to pathogens found in the lumen. It also represents the largest mass of
lymphoid tissue in the body, known as the gut-associated lymphoid tissue (GALT) (Salminen et
al., 1998). Pathogens are forced to content with a number of the host’s natural defence mechanisms
to cause disease hence GIT also provide immune function. A decreased gastric pH, rapid transit
through portions of the GI tract, competitive microbiota and GALT have a synergistic relationship
that prevents pathogens from causing disease. Besides these pathogens (bacteria, fungal, viral and
parasitic), enteric disease can result from nutritional factors, stress, injury and ingestion of toxins.
These factors may not be direct causes of disease, but will predispose the bird to the disease (Wiley
et al., 2011). The duration and severity of stress components, such as harsh environmental
conditions, inappropriate handling and very high or low temperatures can increase the
susceptibility to diseases (Wiley et al., 2011).
2.3

The gastrointestinal microflora

The GI tract of simple non-ruminants consists of a large variety of microbial species. In broilers,
microbial species number over 650 species with over half being of unknown genera (Apajalahti et
al., 2004). The stomach, initially was thought to be free from indigenous microflora but it is now
known that it is in fact resident to a number of microorganisms, albeit in low numbers compared
to the colon (Lee et al., 1993). Likewise, the proximal large part of the small intestine was once
thought to be free of a resident microflora. The microbes begin to colonize the gastrointestinal
tract of the chicken at hatching and the synergy between the host and the microflora progresses
throughout lifecycle of the bird.
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At hatching, chicks are sterile and the microflora develops slowly thereafter. Dietary components
are the main suppliers of energy to the bacteria present in the GI tract. These dietary components
are either resistant to the animal’s endogenous enzymes or slowly digested and, as a result, the
composition and structure of the diet plays a role for the microbial community of this ecosystem
(Apajalahti et al., 2004). The effect of diet is easily observed in the microbial community structure
and diversity (Gibson et al., 1996; Reid & Hillman, 1999; Apajalahti et al., 2001).
Apajalahti et al. (2001) indicated that within 24 hours of hatching, both cecal and ileal bacteria
counts can reach as high as 1010 and 108 per gram of digesta, respectively. During the first three
days, these numbers tend to increase, reaching between 109 and 1011. Even though the numbers
remain relatively stable, the overall composition of the microflora undergoes a lot transformation
over the same time of period (Apajalahti et al., 2001). Lu et al. (2003) showed that the age of the
bird could directly have an impact on the microbial community stability based on profiles obtained
from 16s gene sequence. Enterococci and lactobacilli have been shown to be high in the crop, and
the lower portion of the small intestine, while coliforms, enterococci and lactobacilli are the
predominant microorganisms in the cecum (Barnes, 1972; Mead & Adams, 1975; Van der Wielen
et al., 2002).
2.4

Antibiotic use in poultry

Antibiotics in poultry production can be used therapeutically or as growth promoters (NRC, 1980).
Antibiotics that are fed to promote growth and for prevention of diseases are given at low doses
(sub-therapeutic) compared to those given for therapeutic purposes. The in-feed antibiotics have
the capacity to suppress certain microbial communities (Hofacre et al., 2006). However, antibiotic
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use has the potential to induce bacterial resistance. Commercial poultry producers primarily
include AGPs in feed in order to enhance feed efficiency and growth rates (Stutz et al., 1984).

An increase in demand by consumers for chickens raised without antibiotics resulted in the need
for non-antibiotic alternatives, such as organic acids, probiotics, prebiotics, natural antibacterials
and enzymes to inhibit the growth of pathogenic intestinal bacteria such as E. coli and Clostridium
perfringens (Elwinger et al., 1992; Hofacre et al., 1998). These alternatives, in combination with
management changes, may improve gut health and promote uniformity in terms of growth
performance of chickens (Casewell et al., 2003).
Therapeutic antibiotics are given in case of a disease outbreak on a farm. The veterinarian will
determine whether the birds can be treated with an antibiotic and if so, which antibiotic and by
using what route of administration (in feed or via drinking water). The type of antibiotic to be used
is frequently constrained by the stability between the value of the drug and the severity of the
disease incidence. Antibiotic decisions can also be influenced by using the regulated duration of
withdrawal before slaughter to make certain that no drug residue is found in the meat.
Recent studies have suggested that the positive effects of AGP have become more profound
(Graham et al., 2007). This is due to further improvements in management, genetics and facilities
(Graham et al., 2007). A counter argument to the use of AGPs is that the practice increases the risk
of endemic bacterial populations developing resistance to the antibiotics, which is one possible
hypothesis for the apparent loss of efficacy of these compounds. There is evidence that consistently
feeding AGPs for several years could result in the loss of their ability to have a positive effect on
growth performance (Marshall & Levy, 2011; Waibel et al., 1954; Libby & Schaible, 1955). This
loss of efficacy was shown to be reversible when a different AGP was used, indicating that the
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problem might be related to development of antibiotic resistance (Nesse et al.,.,.,.,.,.,., 2015;
McGinnis et al.,.,.,.,.,.,., 1958). As early as 1951, indications of emerging antimicrobial resistance
in animals began with turkeys fed streptomycin (Starr & Reynolds, 1951). Between 1958 and 1959
similar resistance was observed in chickens fed tetracycline as an AGP (Wong, 2001).
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Table 2.1. Therapeutic antibiotics used in poultry production
Egg layer chickens

Broiler chickens

Antibiotic

Feed

Drinking
water

Growth
promotant

Feed

Drinking
water

Growth
promotant

Bacitracin

Yes

Yes

No

Yes

Yes

Yes

Bambermycin

No

No

No

Yes

Yes

Yes

Chlortetracycline

Yes

No

No

Yes

Yes

Yes

Erythromycin

No

No

No

Yes

Yes

No

Enrofloxacin

No

No

No

No

Yes

Yes

Lincomycin

No

No

No

Yes

Yes

Yes

Neomycin

No

No

No

No

Yes

No

Novobiocin

No

No

No

Yes

No

No

Oxytetrecycline

No

No

No

Yes

Yes

Yes

Penicillin

No

No

No

Yes

No

Yes

Streptomycin

No

No

No

No

Yes

No

Sulfonamides

No

No

No

Yes

Yes

No

Tylosin

Yes

No

Yes

Yes

No

Yes

Virginiamycin

No

No

No

No
No
Yes
(Code of Federal Regulations, 2005)

2.5

Mode of action of Antibiotic growth promoters

Antibiotic growth promoters have been reliably used in poultry production over the years because
of their impact on promoting growth and protecting the health of broiler chickens (Rosen, 1996;
Engberg et al., 2000; Dibner et al., 2005). The mode of action for AGPs has been described as an
interaction between the antibiotics and the intestinal micro-flora (Castanon, 2007). The four
proposed mechanisms for their effects on increase overall performance (Niewold, 2007) are as
follows:
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1.

Inhibiting endemic subclinical infection, therefore decreasing the metabolic cost of the
innate immune system.

2.

Reducing metabolites that are produced by microbes, which supress animal growth, such
as bile degrading products and ammonia.

3.

Enhancing the absorption and the usage of nutrients, by thinning of the intestinal wall in
AGP-fed animals.

4.

Reducing nutrient use by pathogenic microbes.

An emerging thought suggests that reduced enteric inflammation is responsible for the benefits
associated with the dietary addition of AGP (Nieworld, 2007). The imbalance of the microflora is
usually caused by changes in diets, although sometimes it can be the result of infection or even
stress (Isolauri et al., 2002). All these situations are usually encountered in animal production.
When this imbalance occurs, it leads to an increase in inflammation in the intestinal tract and the
enteric bacteria population is in state of flux (Huyghebaert et al., 2011). Niewold (2007) reported
that gut inflammatory status has an effect on how AGPs impact on the microflora. The AGPs
cannot add any benefits to the birds directly via an antimicrobial effect since they are provided at
very low doses. The microflora of the intestinal tract consists of a large variety of microbial, and
research has indicated that as the animals age the microbial population experiences a great deal of
change, becoming more and more sophisticated (Lü et al., 2003). It becomes unlikely that a lone
AGP could show consistent positive growth responses in such conditions; therefore a range of
combination products are required.

Nieword (2007) also indicated that a number of popular AGP are in a category that accumulates
in phagocytes with known attenuation of the innate inflammatory. This hypothesis is consistent
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with the observation that the intestinal wall of animals fed AGPs tend to have thinner intestinal
walls, which could be attributed to a reduced influx and accumulation of inflammatory cells (Jukes
et al., 1956). AGPs have a minimal effect on the intestinal microbiota population, especially in the
cecum (Reti et al., 2013). Even though some differences have been observed in the microbial
population of the ileum between antibiotic-free birds and AGP-fed ones, it could have been
affected by other diet factors and could contribute to the rapidly changing microbial population
dynamics of the GIT (Wise & Siragusa, 2007).
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2.6

The use of zinc-bacitractin as a growth promoter

Zinc-bacitracin (ZnB) is a mixture of high molecular weight polypeptides (bacitracin A, B and C
and various minor components), first described in 1945 as a product of a Bacillus sp. (now regarded
as Bacillus licheniformis). Bacitracin has several verified biological activities that affect microbial
populations of the gut, and may account for the antibiotic’s growth-promoting capability (Lin et
al., 2009). The primary site of antibiotic activity is inside the GI tract, where ZnB acts to modify
the intestinal flora as well as the gut structure (Visek, 1978; Stutz et al., 1983; Valfre, 1983;
Armstrong, 1986; Boorman, 1987; Bernsten, 1994). However, the mechanisms of action of ZnB
are not yet fully understood.
2.7

The ban of antibiotic growth promoter

One of the first countries to ban the use of AGP in livestock production, on account of the danger
they pose to human health, was Sweden in 1986. In 1995, Denmark banned the use of avoparcin
and glycopeptide antibiotics in diets of livestock. The EU also banned avoparcin in 1997 due to its
cross-resistance with the vancomycin antibiotic. The streptogamin class of antibiotic such as
virginiamycin, was banned in 1998 in Denmark because of possible cross-resistance with the
human streptogamins such as quinupristin. In 1999, the EU banned a number of antibiotics
(tylosin, virginiamycin, spiramycin and ZnB) in livestock production, but continued the use of
bambermycin and avilamycin until the banning of all antibiotics in 2006 (Burch, 2006).
2.8

Antibiotic resistance in bacteria

Resistance to antibiotics related with the use of antibiotics in animals is an issue of principal
concern. There are worries about the risk of transferring antibiotic-resistant pathogens via the food
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chain and of transferring antibiotic-resistant genes from animal enteric flora to human pathogens.
Secondly, there is a problem of decreased efficacy of antibiotics remedy in animals colonised with
resistant bacteria. There is little research on antibiotic resistance in the bacterial isolates from
animals. In spite of that, on account that the issues arose pertaining to AGP choice for resistance
in human pathogens, a number of nations have set up antibiotic resistance surveillance
programmes for bacterial isolates from animals (Barton, 2000; Martel & Coudert, 1993).
There is little research (Quesada et al., 2016; Liljebjelke et al., 2017) done on antibiotic resistance
in E. coli and salmonella, as these bacteria are known as disease-causing micro-organisms in
livestock. There is also very little statistics (Ndi & Barton, 2012) about antibiotic resistance in
thermophilic campylobacter and enterococci, as these microorganisms are now not pathogenic;
rather they are commensal enteric organisms. Antibiotic resistance can be seen in isolates of E.
coli from animals soon after antibiotics were included into animal feeds (van den Bogaard et al.,
2000). Studies in the UK in the late 1950s found that tetracycline resistance was already detectable
in E. coli isolates from chickens and pigs fed rations containing much less than 100 g tetracycline/t
(Smith, 1967). Resistance to different antibiotics used to be detected as new retailers had been
introduced for therapeutic and growth-promotant purposes (Oluwasile et al., 2014; Smith, 1967;
Anderson, 1968). Some researchers (Linton, 1986; Lee et al., 1993) also referred to the occurrence
of tetracycline resistance, even in piggeries where tetracycline had not been used. It is commonly
concluded that resistance persevered after antibiotics had been withdrawn (Smith, 1973; Rollins
et al., 1976; Langlois et al., 1983; Hinton et al., 1984).
Antibiotic resistance in salmonella was also reported soon after animals started to be fed antibiotics
at sub-therapeutic level (Anderson, 1968). As salmonella is a recognised food-borne pathogen, a
range of the published reports of resistance patterns in animal isolates had been linked with studies
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of human isolates or with concerns about resistance to specific antibiotics (Wray et al., 1986;
Heurtin-Le Corre et al., 1999).
The mechanism of action of resistance development in antibacterial population happens when an
antibiotic is applied in feed at sub-therapeutic level, which results in eliminating the sensitive
population of bacteria, leaving the variants that have unusual traits and resist the effect (Apata,
2009). These resistant bacteria then multiply, becoming the predominant population. The resistant
population so produced transmits the resistance genetically to subsequent progeny and to other
bacterial strains via mutation or plasmid mediated (Catry et al., 2003). Humans are mainly exposed
to such resistant bacteria through the consumption and handling of meat contaminated with such
disease-causing microbes (Van den Bogaard & Stobberingh, 2000). The moment these resistant
bacteria are acquired they colonise the intestinal tract of the human. The gene coding resistance to
antibiotics in these bacteria can be transferred to more than a few microorganism belonging to the
endogenous microflora of humans (Ratcliff, 2003; Stanton 2013), which lead to impediments in
the effective treatment of bacterial infections.
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Overview of zootechnical feed additives
2.9

Zootechnical additives as alternatives to antibiotic growth promoters in poultry

Zootechnical feed additives can be defined as any additive, which favours the overall performance
of a healthy animal. They are four functional groups into which ‘zootechnical additives’ are
categorized: digestibility enhancers, gut flora stabilizers, substance which favours the environment
and other additives (Annex I of Regulation (EC) No 1831/2003).
2.9.1 Organic acids
Around the world, potential for poultry acidifiers has been rising due to the increasing demand for
good quality poultry (Upadhayay & Vishwa, 2014). It has been proven that in some circumstances,
organic acid can be used as an alternative to AGPs (Yadav et al., 2016). The foremost impact of
antibiotics is antimicrobial; all their digestibility and overall performance effects can be explained
by their impact on the gastrointestinal microflora. Like antibiotics, short chain organic acids have
a specific antimicrobial activity (Kil et al., 2011). Unlike antibiotics, the antimicrobial activity of
organic acids is pH-related (Eidelsburger et al., 1992; Boling et al., 2000;). Their antimicrobial
activity is the result of the deleterious consequences of the free proton and, perhaps, the free anion
on the bacterial cell (Dibner & Richards, 2005). Organic acids and their salts have been allowed
as additives in poultry diets by the EU and have been declared safe (Adil et al., 2010).
Researchers (Brake, 2012; SA et al., 2008) additionally advise that in the intestine enterocytes, the
dissociation of organic acids result in the synthesis and secretion of a hormone that subsequently
stimulates pancreatic secretion. Thus, organic acids are known to have benefits beyond just
antimicrobial activity. As for AGPs, the enhanced digestibility and overall performance effects
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can be explained by their impact on the gastrointestinal microflora and the ensuing reduction in
immune stimulation (Hermans & De Laet, 2014). Correspondingly, feeding organic acids reduces
gram positive species of bacteria, with specific effect against acid-intolerant species like E. coli,
Salmonella spp. and Campylobacter spp. (Hermans & De Laet, 2014). Both antibiotics and organic
acids enhance protein and energy digestibility by lowering the immune stimulation and the ensuing
synthesis and secretion of immune mediators (Dibner & Richards, 2005). Additionally, they both
minimize the production of ammonia and different growth-depressing microbial metabolites and,
perhaps, reduce the universal microbial load (Dibner & Richards, 2005)
A mixture of organic acids (Hassan et al., 2010; Hamed & Hassan, 2013) is reported to have a
more synergistic effect with better efficiency than AGPs against intestinal colonised pathogens
such as E. coli and salmonella. Organic acids have the potential to reduce the contamination of a
litter with pathogens and diminish the risk of reinfection, thus reducing the bacterial challenge to
poultry birds.
Organic acids such as carboxylic acids and fatty acids have a chemical formula of R COOH, where
R represents the chain length of the acids. In poultry production, short chain organic acids like
formic (C1), acetic (C2), propionic (C3) and butyric (4) have been used as feed additives more
often (Dibner & Buttin, 2002). Other carboxylic acids that are used include citric, lactic, fumaric,
malic and tartaric acids (Dibner & Buttin, 2002). Most organic acids are weak acids that
dissociated partially in solution. The organic acids that possess antimicrobial activity have pKa
values in the range of 3 to 5 (Khan & Iqbal, 2016)
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2.9.2 Mode of action of organic acids in poultry gut
After ingestion, direct antimicrobial activity is greatest in the foregut, which has a very limited
capability to change the digesta pH. Organic acids actively reduce microbial load, especially
Escherichia coli and other acid-intolerant organisms (Khan & Iqbal, 2016). Many of these
pathogens such as campylobacter and salmonella are opportunistic. A consequent reduction in
subclinical infections may contribute to improved nutrient digestibility and a reduction in nutrient
demand by the gut-associated immune tissue. The relatively low pH of the upper gut tends to
favour not only the antimicrobial activity of organic acid, but also their absorption by diffusion
into the gut epithelium (Mroz, 2000). Antimicrobial action in the crop is an important part of the
organic acid benefit as it is a major site of colonisation for E.coli and salmonella. It is highly
desirable for the organic acid activity to continue into the lower gut, where many of the anaerobic
opportunistic pathogens are found. Lower microbial proliferation in the ileum is also important
because it reduces the microflora’s competition with the host for endogenous nitrogen lost into the
gut by pancreatic and epithelial secretions and by enterocyte attrition and shedding. Continuous
organic acid antimicrobial activity into the jejunum and ileum is also critical to another of its
mechanisms of action. Lower microbial proliferation in the jejunum reduces the competition of
the micro flora with the host for nutrients. This reduction in competition is the mechanism through
which digestibility is improved (Huyghebaert et al., 2011).
There is a body of literature on the influence of organic acids on poultry production. Several
experiments have been performed using fumaric acid. Vogt et al. (1981) reported on the impact of
fumaric acids in broilers and layers. Fumaric acids improved feed efficiency by 3.5 to 4% in
broilers while feed efficiency was also improved without the rate of lay being affected. Skinner et
al. (1991) indicated a significant improvement in the weight gain of broilers with the use of 0.5 to
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1% fumaric acid, but there was no impact on feed use. Very high acids have been associated with
reduction in feed intake (FI) and body weights. Skinner et al. (1991) found a significant
improvement of 49 d body weight and feed utilisation in male broilers fed 0, 0.125, or 0.5%
fumaric acid. Dressing percentage, abdominal fat share and mortality were not affected. A similar
study was reported by Dibner and Buttin (2002) in which 0.25 to 1% fumaric acid was compared
to an AGP (Nitrovin) fed to Hubbard broilers. Feed consumption decreased while growth was not
affected, resulting in a significant improvement in feed to gain. Feed efficiency for 0.5, 0.75 and
1 % fumaric acid have been comparable to the antibiotic control (Dibner & Buttin, 2002). Along
with this performance improvement was a significant improvement in apparent metabolisable
energy that was dose related. The linear regression analysis indicated an increase of 782.408 j/kg
for each 1% of fumaric acid added.
Experiments additionally examined the overall performance outcomes of feeding malic, propionic,
sorbic, tartaric, lactic and formic acid. The impact of buffered propionic acid, both in the presence
and absence of ZnB, were discovered by Izat et al. (1990), who found a considerable increase in
dressing proportion for female broilers and a large reduction in abdominal fat from adult males at
49d. There have been no difference performance results seen. Vogt et al. (1981), appeared at malic
and tartaric acid (0.5 to 2%) in broilers. They found an increase in body weight achieve with
foremost tiers of 1.12 and 1/3 for sorbic and tartaric acid, respectively. Sorbic and malic also
showed signs of improving feed efficiency. Simons et al. (1990) observed the effect of dietary
lactic acid on the overall performance of broilers at zero to 6 weeks of age. Body weight gains
(BWG) tended to be greater, whereas feed-to-grain rations were significantly improved when birds
were fed 2% lactic acids.
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2.9.3 Minerals
Trace minerals such as zinc, copper, and manganese are required for a number of physiological
processes in all animals. Livestock diets are mainly supplemented with minerals to prevent
deficiencies which can lead to a number of clinical and pathological disorders. They play a vital
role in a wide variety of body processes such as proper growth and development of all livestock
animals. Trace minerals also act as a catalyst in both hormone and enzyme systems (Underwood
& Suttle. 1999), which will directly have an impact on bone development, feathering, overall
growth performance and appetite. Deficiencies can be caused by low mineral intake or by the
presence of antagonists in the diet, which interfere with or lead to unbalance mineral uptake.
2.9.3.1 Zinc
Richards and Augustine, (1988) stated that Zn is one of the most vital trace elements and plays
three main biological roles in the animal: structural, catalyst or regulatory. Zn is usually given in
large quantities, more than required in the swine industry, for its growth permitting properties
(Richards & Augustine, 1988), but in the broiler industry it is given according to the maintenance
levels. The amount of Zn required for maintenance and growth, normally supplemented in broiler
diets, is 0.012% to 0.018% (Nutr. Req. Polt., 1994). The inclusion rate of Zn for broilers, according
to the National Research Council (NRC year 1994), is 40 ppm. The two main forms of Zn used in
diets are zinc sulphate and zinc oxide. Additionally, Zn is a vital cofactor in a variety of biological
pathways (Shankar & Prasad, 1998; Sahin et al., 2009). It plays a huge role as a cofactor in a
number of enzymatic activities, including DNA and RNA synthesis (Shankar & Prasad, 1998). It
also has the capability of interacting with bacteria and has a microbicidal effects in the gut.
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Zinc deficiency in broiler diets can lead to increased susceptibility to infection (Keen & Gershwin,
1990) and will result in an inadequate growth and tissue accretion. Zn takes part in regulating
immunity in cells by helping with leukocytes synthesis and phagocytosis (Sahin et al., 2009).
Therefore, Zn deficiency may suppress the bird’s immunity through diminished immune cell
synthesis. Previous research indicated a diminished immune capacity in animals fed a Zn-deficient
diet (Bao et al., 2003; Bao et al., 2006; Beck et al., 2006). Excessive Zn amounts can result in
considerable harm to broiler health, even though broilers can generally tolerate the high amounts
of Zn. Dewar et al. (1983) indicated a diminished growth and mortality in birds fed 2000, 4000
and 6000 ppm Zn from zinc oxide (Dewar & Downie, 1984). The broiler birds in the same
experiment showed liver and pancreatic lesions. Bafundo et al. (1984) observed similar results
with reductions in weight gain and feed efficiency. Other experiments indicated an excess of Zn
in the kidney, liver and pancreas with supplementation of zinc oxide between 2000 and 5000 ppm
(Blalock & Hill, 1988; Lü and Combs, 1988). The mode of action behind Zn supplementation is
not yet fully understood, despite a large number of experiments done on the mineral.
In humans, Zn is commonly used in third-world countries and is administered to children to
improve growth (Martorell, 2002). Zinc oxide is usually added to piglets’ starter diets just after
weaning to reduce diarrhoea (Katouli et al., 1999). Experiment on supplementation of zinc oxide
indicates a significant reduction of diarrhoea in weaning piglets, but does not reduce the amount
of E.coli excreted through faeces (Jensen-Waern et al., 1998). This suggests that most effect of Zn
may be more pronounced in the intestine compared to the immune system. Studies on Zn
supplementation indicates that it can minimise intestinal damage from a bacterial challenge (Zhang
et al., 2012) and alleviate oxidative damage from a pathogenic challenge (Georgieva et al., 2011).
These results may be due to Zn’s antimicrobial properties. In vitro experiments of Zn showed that
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Zn inhibits bacterial growth (Söderberg et al., 1990; Podbielski et al., 2000; Sawai, 2003). It was
also noticed that zinc oxide supplementation has a greater effect on gram-positive bacteria
(Söderberg et al., 1990), and gram-positive bacteria are more pathogenic compared to gram
negative because they cause greater infection and resistance in the broiler industry (Nandi et al.,
2004). However, further experiments using in vivo approaches must be done to confirm Zn’s
antimicrobial effects.
The relationship between Zn and the immune system is not well known in broilers. Roselli et al.
(2003) indicated that zinc oxide do not reduce the number of colony-forming units cultured in
media when added to plated E. coli. This suggests that zinc oxide does not have a direct effect on
certain bacterial populations. However, it does not rule out the fact that zinc oxide has the potential
to prevent bacterial adhesion to the intestinal wall (Roselli et al., 2003), maintaining intestinal
integrity for improved feed efficiency and digestion. The supplementation of zinc oxide also
reduces the inflammatory cytokine expression in vitro (Roselli et al., 2003), suggesting that zinc
oxide has a positive effect on the immune system as well as intestinal morphology. The mode of
action of this effect is not yet fully understood. Further in vivo studies are required to confirm the
antimicrobial activity of Zn. Most experiments examining Zn supplementation in broilers have
focused on mineral accretion in organs resulting from zinc toxicity (Bafundo et al., 1984; Lü &
Combs, 1988; Blalock & Hill, 1988). Very few studies have focused on the potential benefits of
zinc oxide in broiler chickens.
2.9.3.2 Manganese
Manganese is very vital for growth and fertility in animals. It is crucial for embryonic and postnatal bone development of the growing chick (Richards et al., 2010). It also activates enzymes in
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the metabolism of carbohydrates, fats, proteins and nuclei acids. Manganese assist in collagen
formation process, bone growth, urea formation and the functioning of the immune system
(Zimbro & Power, 2003). It is also involved in enzymes associated with oxidative phosphorylation
in mitochondria. The fundamental substance of the growing bone, in particular the proteoglycan
matrix in which collagen and elastin are embedded, requires Mn for glycosylation of its protein
core molecule (Bloom & Fawcett, 1997).
2.9.3.3 Copper
Copper is an essential mineral for the suitable maintenance and organ function of broiler chickens.
It is also essential for reproduction and embryonic development and plays an important role in the
proper cross-linking of collagen and elastin (Vieira, 2007). The dietary component requirements
for copper are 8 mg/kg (Acetoze, 2013), and is mostly added in excess of requirements to improve
broiler growth (Pesti & Bakalli, 1996; Ewing et al., 1998). Usually, Cu is supplemented in the
forms of copper sulphate or copper chloride and copper montmorillonite. Research has shown that
Cu possess antimicrobial properties (Aarestrup & Hasman, 2004) and can influence intestinal
health and nutrient absorption. Cu plays a vital role in a number of biochemical pathways that may
contribute to its antimicrobial qualities. Cu is an essential component of the superoxide dismutase
pathway (Bozkaya et al., 2001), which plays a part in preventing oxidative damage to cells; thus,
it helps to combat low levels of infection causing reactive oxygen species in cells. It is also a
necessary component of a number of enzymes that function in increasing structural strength,
elasticity of connective tissues and blood vessels (Rucker et al., 1998; Bozkaya et al., 2001).
Since copper has been shown to possess antimicrobial activity, it has been used in food services
for its antimicrobial qualities (Faúndez et al., 2004). Cu also plays position in collagen cross-
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linking, which has a direct impact on skin, bone, tendon and intestinal strength. Experiments in
fowl have indicated that bone breaking strength correlates strongly with the extent of collagen
cross-linking (Rath et al., 1999). Cu has the ability to interact with radicals and form hydroperoxide
radicals, which have a great toxicity to bacteria (Suwalsky et al., 1998). Therefore, Cu ions have
the potential to directly inhibit bacterial growth in the gut. Cu is usually supplemented as part of
the ration as a growth promoter in the broiler industry, at levels between 125 and 250 ppm (Pesti
& Bakalli, 1996). However, different views have been raised over the optimum level of Cu to
supplement as different experiments use varying levels and forms (Banks et al., 2004; Luo et al.,
2005; Arias & Koutsos, 2006; Pang et al., 2009). The optimum dose of Cu for growth promotion
is not yet accurately known.
The mode of action of Cu on the gut is not yet known, despite its supplementation in the broiler
industry for growth purposes (Acetoze, 2013). A number of researchers have tried to elucidate the
impact of Cu on the gut. Arias & Koutsos (2006) showed that CuSO4 and tribasic copper chloride
included in the feed increases the carcass weights of birds compared to un-supplemented birds.
The same experiment also demonstrated a decreased number of intestinal intraepithelial
lymphocytes in birds when supplemented with Cu compared to un-supplemented birds. It was
concluded that Cu can modulate the intestinal lining and positively affect nutrient availability. The
low numbers of intraepithelial lymphocytes also suggest a diminished immune response that could
benefit growth by allocating more nutrients to digestion and growth rather than inflammation.
Copper montmorillonite has been shown to increase bird weight gain and feed efficiency compared
to un-supplemented (Ma & Guo, 2008). Birds supplemented with Cu produce higher levels of
digestive enzymes such as protease, lipase, trypsin and amylase (Ma & Guo, 2008), which provides
an explanation for the improved feed efficiency and weight gain. The inclusion of copper-bearing
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montmorillonite has also been shown to improve intestinal morphology, including increased villus
height and decreased crypt depth in the duodenum, jejunum and ileum (Xia et al., 2004; Ma &
Guo, 2008). A longer villus height provides greater surface area, which improves overall digestion.
Longer crypts are a sign of a higher level of tissue regeneration, suggestive of infection. Shorter
crypts allow for more energy to be focused on weight increase rather than intestinal tissue
regeneration. The results of this experiment indicated that supplemented Cu has a direct effect on
intestinal morphology itself to improve feed efficiency and weight gain. Pang et al. (2009)
indicated an increase in the similarity of ileal microbiota in broilers supplemented with varying
levels of Cu compared to un-supplemented birds.
Despite the positive research on the impact of Cu on broiler performance, there is still an
inconsistency of literature towards broiler Cu supplementation. Some studies indicate
supplementing Cu beyond dietary requirements improved average daily gain of broilers and FI
(Arias & Koutsos, 2006; Ma & Guo, 2008; Lü et al., 2010) and others found contrary results for
the same parameters (Luo et al., 2005; Miles et al., 2005; Pang et al., 2009). This difference may
be due to the types of copper (Cu Sulfate and tribasic Cu Chloride) and various amounts used,
which led to confusion regarding Cu’s true antimicrobial mode of action. Further research into
Cu’s protection mechanism and its different forms is necessary to fully comprehend the most
effective method of supplementing Cu to broiler feed.
2.9.3.4 Issues with trace minerals in poultry
The NRC has played a vital role in coming up with standardised nutrient requirements for
livestock animals. Since 1994, the NRC has not updated for poultry (NRC, 1994), which led to a
debate about the nutrient accuracy requirements. Over the years, genetic improvements have
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resulted in an increased growth rate at a very young age. Thus poultry has exhibited higher growth
rates and improved feed efficiency that probably needs greater available nutrient requirements.
Most broiler producers have opted to supplement certain minerals (Cu, Mn and Zn) in excess due
to their potential growth-promoting effect. Most minerals were included in the diet for purposes
other than to meet traditional requirements and thus their dosages are way above NRC
recommendations. NRC (1994) copper requirement for broilers is 8 mg/kg; however, it has
routinely been given at 125 to 250 mg/kg as copper sulphate in both broiler and turkey diets to
protect the health of birds and increase growth. The supper-dosing of one mineral in the diet causes
a shortage of other minerals due to the inter-relationships among the minerals (Underwood &
Suttle, 1991). There is also a possibility that these minerals can form chelates with phytate in the
rations, which decreases the optimum efficiency of phytase (Maenz et al., 1999; Ondracek et al.,
2002; Banks et al., 2004). Excess minerals in the manure have also increased the environmental
burden (Blanco-Penedo et al., 2006).
Pressure from Regulatory Authorities has arisen to minimise environmental contamination caused
by animal production. Most of the trace minerals included in the feed are excreted and these extra
trace minerals, specifically copper and zinc, result in serious environmental pollution constraints
(Ferket et al., 2002). Nys et al. (2001) noted that 95 to 99% of all ingested trace minerals appear
in the faeces. Environmentalists also raise concerns that excess trace mineral in animal feed
pollutes surface and ground water, and oil. Excreta from animals and broilers that were fed high
copper and zinc diets led to an accumulation of these minerals in the soil and did not migrate
extensively to water (Ferket et al., 2002). However, the minerals can be removed by plant uptake
but can lead to crop toxicity. When the zinc concentration in the soil is above 200 ppm, the activity
of soil microflora is reduced (Ferket et al., 2002). Dozier et al. (2003) showed that decreasing the
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zinc concentration in the diet of chickens from 120 to 40 mg/kg reduced zinc excretion by 50%,
and decreasing copper supplementation from 12 to 4 mg/kg reduced copper excretion by 35%.
These results supported the use of exogenous enzymes that aid in liberating minerals and other
chelated nutrients from feed ingredients, as well as the use of organic sources of minerals since
they are added to the feed at lower concentrations.
2.9.4 Enzymes
Enzymes are one of the many types of proteins in biological systems whose function is to catalyse
biological reactions. They are involved in all anabolic and catabolic pathways of digestion and
metabolism (Buhler et al., 2013). The use of enzymes has expanded dramatically in the past 20
years and possibly one of their most vital actions is in mediating the diversity and composition of
microbial populations. Feed enzymes improve digestibility thus leading to increased gut health.
The nutrients required for the multiplication of bacteria in the intestinal tract are derived largely
from dietary components, which are either not easily digested by endogenous enzymes or are
absorbed so slowly that the bacteria in host’s digestive system compete for them. Therefore, the
use of exogenous feed enzymes has a direct impact on the diversity and numbers of gut micro
floral populations (Bedford et al., 2012).
To comprehend the role of exogenous enzymes, the need to understand the structure and function
of endogenous enzymes is vital. Endogenous enzymes such as trypsin, chemotrypsin,
carboxypeptidase and elastase are all synthesised in the pancreas as zymogens. Initially, all
zymogens are in inactive forms. After moving to the small intestine, they are subjected to
proteolytic cleavage reactions, which eventually convert them to the active state (McCleary, 2010).
Trypsin enzymes play a role in degradation of dietary protein. It is one the three principal digestive
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proteinases, the other two being pepsin and chymotrypsin (Tabata et al., 2017). During the
digestion process, trypsin acts with other proteinases to break down dietary protein molecules to
peptides and amino acids. Chymotrypsin is synthesised in the pancreas of birds and has also been
isolated from bovine pancreas. It is an endopeptidase, which preferentially splits peptide bonds in
which the carboxyl group is contributed by the aromatic amino acids (tryptophan, tyrosine and
phenylalanine). Chymotrypsin additionally catalyses the hydrolysis of the bonds of esters and
amides of aromatic amino acids as well as proteins and peptides. Pepsin is also more
environmentally friendly in cleaving bonds involving the aromatic acids and is synthesised in an
inactive structure (pepsinogen) in the stomach lining. Hydrochloric acid is produced through the
gastric mucosa, which helps to convert the inactive state of the enzyme and to maintain acidity for
pepsin function (Hanson, 2014).
Exogenous in-feed supplementation of protease, amylase and xylanase enzymes is designed to
breakdown protein, non-starch polysaccharides (NSP) and starch leading to improved digestion in
monogastric animals fed corn-soybean meal diets (Burnett, 1966). Xylanase is an overall
descriptor for variety of enzymes whose mode of action is manifested through the reaction of the
xylan part of NSP existing in dietary components (Paloheimo et al., 2010). Hydrolysis of soluble
NSP, generally in wheat-based diets, leads to reduced viscocity and extended passage rate of the
digesta. This, in turn, decreases microorganism proliferation within the gut, endogenous secretions
and accelerates nutrient absorption and growth performance. Hydrolysis of insoluble NSP
decreases the water holding capability (WHC) of the epithelial duct leading to an increased digesta
flow and nutrient diffusion. Hydrolysis of insoluble NSP will in addition increase cell membrane
porousness, resulting in elevated nutrient diffusion (Bedford & Schulze, 1998; Zanelle et al.,
1999).
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The main goal of including exogenous enzymes in poultry diets is improving the efficiency of
nutrient utilization in feed ingredients. This happens through the following modes of action: (i)
breaking down particular bonds not usually degraded by endogenous digestive enzymes, (ii)
degradation of the antinutritive elements that limit the availability of nutrients, (iii) improved
accessibility of nutrients to endogenous digestive enzymes, and supplementation of enzymes in
young animals (Bedford & Schulze, 1998). Exogenous enzymes affect the GI tract through
increasing the digestibility of complex molecules, especially in young animals that do not have a
well-developed intestinal enzyme profile (Mahagna et al., 1995; Leeson & Summers, 2001).
Research has indicated that the negative nutritional effects of non-starch polysaccharides (NSP),
oligosaccharides and phytic acid can be overcome with the aid of supplementation of diets with
suitable exogenous enzyme preparations (Adeola & Cowieson, 2011). Studies have indicated that
the use of exogenous enzymes in cereal-based diets is very beneficial since it helps to hydrolyse
NSP; reduce digesta viscosity and most importantly, it improves nutrient absorption, growth and
performance of the birds (Iji, 1999; Hetland et al., 2004; Wang et al., 2005).
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Figure 2.1: Substrates and anti-nutrients targeted by some commonly utilised exogenous enzymes.
(Bedford & Partridge, 2010).

The mode of action by which feed enzymes impact the intestinal microbiota have been
acknowledged for some time such as via enhanced nutrient delivery to the host and through
provision of fermentable oligosaccharides. However, the extent to which this effect contributes to
the net benefit of the enzyme use is still unknown, and it is not clear which major microbial species
are involved (Bedford & Cowieson, 2012). Recent studies show that if feed enzymes are to
substitute prophylactic antibiotics, then the objective of the enzymes must be to enrich the ileum
and cecum with Clostridium cluster XIVa species and E. coli whilst depressing the numbers of
Lactobacillus spp. (Czerwiński et al., 2010).
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The use of exogenous enzymes in poultry feed is of great value. The ever-increase in the price of
feed ingredients and banning of AGPs has been a major concern in most developing countries.
Consequently, cheaper and non-antibiotic feed ingredients have to be used.
2.9.5 Effects of enzymes on the gastrointestinal environment
Micro-organisms in the GI tract use the digesta for energy in a similar manner to the host animal.
Changes in rate of passage and the kind of nutrients available to the microbes have an impact on
the distinct microbial populations in the GI tract. The end product of metabolism of many of the
anaerobic bacteria observed in the gut are unstable fatty acids that have been proven to be altered
with enzyme supplementation (Choct et al., 1995). However, research studies analysing variations
in precise microbial populations such as starch or xylan-degrading microorganism has not yielded
meaningful results (Persia et al., 1999). This may be due to lack of technology to adequately
examine these populations since it stands to reason that as the substrate changes so should the
micro-organisms that can use them. Gastrointestinal histology is affected by barley and wheatbased diets with reductions in villi height, increased diameter and damaged villi being observed
(Viveros et al., 1994; Jaroni et al., 1999). Enzyme supplementation of these diets counteracted
some of these results with supplemented birds having an intestine morphology similar to birds
receiving a corn/soy diet. This can also help explain reduction in mortality often observed in birds
receiving enzyme supplementation (Bedford & Morgan, 1996). Damage to the GI tract may make
the organ extra inclined to pathogenic bacterial invasion. In addition, enzyme supplemented birds
had lower intestine and pancreas weights (Bedford & Morgan, 1996). Enzymes continue to receive
recognition among animal producers due to their capability to improve overall performance and
reduce nutritional variation in feed ingredients.
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2.9.6 Protease enzyme
Poultry feed consists of complex, ingestible compounds such as large globular proteins (Evans &
Moritz, 2014). Protease may be included in the diet to increase crude protein and amino acid
digestibility. Physiologically, proteases play an important role in cellular catabolism of digestion
and protein turnover of the immune system (Barrett, 1995). Exopeptidases and endopeptidases are
a sophisticated group of enzymes capable to hydrolyse the peptide bond in a protein molecule.
Exopeptidases cleave the peptide bond proximal to the amino or carboxyl termini of the substrate,
where endopeptidases cleave interior peptides bonds (McDonald et al 2011). In reference to the
functional group existing at the active side, proteases are classified into four groups: serine,
cysteine, aspartic and metalloprotease (Gupta et al., 2002).
Protease is a protein-digesting enzyme that breaks down storage proteins binding starch within
feed ingredients. This makes the energy from protein-bound starch available to the bird to be used
for productive purposes. Proteases are also effective in breaking down anti-nutrients, which are
proteins found in ingredients like soybean meal.
The addition of protease enzymes has a number of advantages including enhancing protein
digestion resulting in improved amino acid digestibility across various protein sources. Protease
enzyme reduces the impact of anti-nutritional factors by degrading anti-nutritional factors and
allergenic proteins in feedstuffs such as soya beans. It also supports gut health as it improves
protein digestibility and reduces undigested protein entering the hind gut. Reduced protein
fermentation in the large intestine improves gut health. This has been verified by the increased
villus height to crypt depth ratio and decreased Clostridium perfringens proliferation (Vivoros et
al., 2011).
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The use of protease enzymes in poultry feed has a significant impact on gut health because
undigested proteins in the hind gut have an adverse impact on gut health and necrotic enteritis risk.
2.9.7 Probiotics
Probiotics have been used in the poultry industry and they are quickly becoming accepted as a
potential alternative to antibiotics for use as growth promoters and, in some cases, to control
specific enteric pathogens (Huff et al., 2007) and improve the health status of an animal by
maintaining a beneficial microbial population (Lee et al., 1993; Fuller, 2001). Probiotics are live
micro-organisms, generally bacteria or yeast that, when ingested alive and in sufficient quantities,
have a positive effect on health that goes beyond the common nutritional effects (Fuller, 1989).
Their use is related to a proven efficacy on the gut microflora, resulting in improved health status.
Micro-organisms that can be used in animal feed are mainly bacterial strains of gram-positive
bacteria belonging to the types Bacillus (B. cereus var. toyi, B. licheniformis, B. subtilis),
Enterococcus (E. faecium), Lactobacillus (L. acidophilus, L. casei, L. farciminis, L. plantarum, L.
rhamnosus), Pediococcus (P. acidilactici) or Streptococcus (S. infantarius); some others probiotics
are microscopic fungi such as strains of yeast belonging to the Saccharomyces cerevisiae species
and kluyveromyces (Anadón et al., 2006). An ideal probiotic has the following characteristics:
non-pathogenic, of host origin, able to withstand processing and storage, resists gastric acid and
bile, adheres to epithelium or mucus, persists in the intestinal tract, produces inhibitory
compounds, modulates immune respond and, finally, it must be able to alter microbial activities.
Probiotic supplementation will interfere with the flexibility of the infective bacterium to colonise
the epithelial duct and infect the membrane (Gill, 2003). Therefore, alternative gut health stems
from this method of competitive exclusion of infective bacterium (Nurmi &amp; Rantala, 1973;
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Schneitz, 2005), improving bird performances (Corrier et al., 1995) and immune functions
(Schneitz, 2005).
The effects of probiotics on broiler performance, gut morphometry and immune parameters have
been well-documented (Lee et al., 2010; Awad et al., 2008 & Salim et al., 2013). The maintenance
of the mucosa lining of the GI tract is a key factor in preserving barrier function and animal
immunity (Denbow, 2000; Gill, 2003). A non-supplemented mash diet was given to day-old broiler
chicks from day 1 to day 2 and supplemented with probiotics from day 3 to day 22 (Lee et al.,
2010). Eight differing strains of B. subtilis and one multistrain probiotic were fed (1.5 × 105 cfu/g
probiotic) by Denbow, 2000. The results showed no significant alteration in body weight; however,
intestinal morphology was altered by supplementation of probiotics. Significant increases in villus
height and reduced serum levels of α-1-acid glycoprotein, an indicator of inflammation, were
observed in probiotics-treated broilers compared to non-supplemented control. Villus height
increases are associated with increased absorption capacity of nutrients (Denbow, 2000) and
probiotics have also shown an increase in villus height in human gastrointestinal systems (Hooper
et al., 2002). Probiotics may also be involved in the regulation of the hind gut fermentation and
synthesis of short chain fatty acids, and can increase the efficiency of gut microbes to ferment NSP
(Sekata, 1987).
In another study male broiler chicks were fed corn-soybean meal-based diets supplemented with a
commercial probiotic (0, 0.2, or 0.6%) and antibiotic (0 or 6 ppm flavomycin) from 1 to 42 d (Li
et al., 2008). From 1 to 21 d birds were fed with a starter diet and were then transitioned to grower
diets from 22 to 42 d. The treatments supplemented with probiotics showed no significance in
Body weight gain BWG or Feed intake (FI) during the 42 d period. However, probiotic inclusion
consistently improved the apparent ileal digestibility of CP and amino acids. Probiotic
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supplementation continued to show significant improved ileal digestibility of dry matter, energy,
calcium, and phosphate. From these data, it was concluded that probiotics could be an effective
alternative to antibiotics. Other studies have indicated that supplementation of probiotics in broiler
diets improved performance, feed efficiency and BWG for broilers fed corn-soya meal diets (Jin
et al., 1998) and for broiler chicks fed probiotics for 45 d.
2.9.7.1 Mechanism of action of probiotics
Nutritional effect is characterised by a reduction of metabolic reactions that produce toxic
substances, stimulation of indigenous enzymes and production of vitamins and antimicrobial
substances. Health or sanitary effect is distinguished by an increase in colonisation resistance,
competition for gut surface adhesion and stimulation of the immune response (Guillot, 2003). The
last effect acts as a bio-regulator of the gut microflora and reinforces the host’s natural defence.
The probiotic has a vital role in the balance of gut microflora, increasing the resistance to
pathogenic agents, both through a strengthening of the intestinal barrier and directly stimulating
the immune system.
2.10 Bone challenges in broilers
Poultry is one of the most popular food source animals throughout the world. In the U.S. alone,
more than 9 billion broilers were hatched and reared in 2015 (NASS, 2016). In the past century
and especially the last several decades, broilers have been successfully selected for a short growth
cycle plus high meat yield, in particular breast muscle. However, the programme also makes the
broilers more susceptible to metabolic disorders and leg abnormalities that lead to poor
locomotion. Predominantly affecting the locomotor system and resulting in impaired mobility or
lameness, leg disorders have become a considerable problem in commercial poultry meat
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production. Leg disorders in broilers could be caused by multiple factors, such as abnormal bone
development, infections and degenerative diseases (European Commission, 2000).
A common method for evaluating leg problems is assessing lameness. Two gait scoring systems
have been developed to rate the lameness of broilers, either the 0 to 5 scale (Kestin et al., 1992;
Garner et al., 2002) or the 0 to 2 scale gait score (Webster et al., 2008), with the lower score
indicating better leg health. The latency-to-lie test is another method commonly used to assess
lameness. This test was developed by Weeks et al. (2002) based on the fact that broilers are averse
to be in contact with water, and was modified for simplicity and effectiveness by Berg and Sanotra
(2003). The latency-to-lie test is highly and negatively correlated to gait score (Weeks et al., 2002;
Berg & Sanotra, 2003).
The above literature has described the effects of zootechnical feed additives on growth promoters
and they are no consistency in the studies, which call for more studies to be done. There is also
limited information of the effect of the additives on other parameters such as blood and meat
parameters. Combining zootechnical feed additives as an alternative approach to antibiotic growth
promoters in broiler diets is not enough, which indicates that more studies are required to test
different combinations since individual additives are not producing desirable results.
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3

CHAPTER THREE -EFFECTS OF ZOOTECHNICAL FEED ADDITIVES ON
GROWTH PERFORMANCE, BONE LINEAR MEASUREMENTS AND BLOOD
PARAMETERS IN BROILER CHICKENS

Abstract
This study was designed to investigate the effects of zootechnical feed additives [chelated minerals
(Zn, Cu and Mn), a live Bacillus probiotic (≥ 4 × 109 CFU per gram, protease enzyme (600 000
U/g, EC 3.4.21.62), and fumaric and benzoic organic acids] on growth parameters, bone
measurements and blood parameters of broiler chickens. Eight hundred Cobb broiler chickens
were evenly allocated to 40 pens (experimental units) to which five dietary treatments were
randomly assigned: a negative control (NC) consisting of a commercial broiler diet without Znbacitracin (ZnB) antibiotic growth promoter; a positive control consisting of a commercial broiler
diet with Zn-bacitracin antibiotic growth promoter (PCZnB); NC + protease enzyme + chelated
minerals (MinEnz); NC + protease enzyme + chelated minerals + Organic acids (MinEnz+Org);
NC + protease enzyme + chelated minerals + probiotic (MinEnzProb),. Feed intake (FI), weight
gain and feed conversion efficiency were determined weekly. Blood was collected from chickens
on the 33rd day and 2 days before slaughter to determine haematological and serum biochemical
parameters. On day 35 chickens were slaughtered for assessment of bone development parameters.
There were no significant (P>0.05) dietary effects on body weight gain (BWG) of chickens
throughout the feeding trial save for the first week. The chickens fed MinEnz showed the highest
body weight (17.36 ± 0.45 g) in the first week while chickens fed PCZnB showed the lowest weight
(15.25 ± 0.45 g). Experimental diets had an effect on the FI in the first three weeks of the trial
with broilers fed MinzEnz+Pro consuming the most feed (20.87 ± 0.53 g) in the first week. In the
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second week both MinEnz and MinEnz+Org diets promoted the highest FI (58.18 ± 1.01 g) while
the PCZnB-fed chickens had the least intake (54.31 ± 1.01 g). The negative control (NC) chickens
had the highest FI in the third week (119.55 ± 3.13 g) while MinEnz chickens had the lowest. In
the last two weeks, no dietary influence (P>0.05) was observed on FI. Diet had no effect on the
full blood indices except for haemoglobing and haemocrit (HTC). The chickens fed MinEnzPro
(9.57 ± 0.32 g/dl) and NC (9.52 ± 32 g/dl) had the highest haemoglobin levels. The NC promoted
the highest HTC value compared to all the other dietary treatments. Among serum biochemical
parameters, only alanine aminotransferase (ALT) and total serum protein were affected by the diet.
The PCZnB chickens had the highest ALT level (8.50 ± 1.57 IU/L) while NC birds had the highest
level of total serum protein (33.37 ± 1,14 g/l). They were no dietary effects observed in all bone
development parameters. It was concluded that the proposed zootechnical feed additives
combinations can be used as alternatives to Zn-Bacitracin antibiotic since they produce similar
results in growth parameters, bone linear measurements and blood parameters.
Keywords: Zootechnical feed additives, Growth performance, Bone linear measurements &
Broiler chickens
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3.1

Introduction

The gastrointestinal tract (GI tract) helps with digestion and absorption of nutrients that are
required for growth and maintenance. The multiplication of pathogenic microbes in the GI tract
results in high mortalities, decrease productivity and contaminate poultry products. Antibiotics
have been used sub-therapeutically over the years in broiler diets to avoid necrotic infections of
the gut by controlling pathogenic bacteria. There have been concerns regarding the use of in-feed
antibiotics due to the development of antibiotic-resistant bacteria. These public concerns have
resulted in a decrease in the use of in-feed antibiotics in food animals (Smith et al., 2003).
Consequently, there is a rising demand for alternatives to in-feed antibiotics that will improve gut
integrity, performance and safety of broiler products. Examples of these alternatives include:
organic acids, enzymes, probiotics and chelated minerals. Most of these proposed alternatives have
a direct or indirect effect on gut microflora (Richards, 2005).
Organic acids are well known for their strong bacteriostatic effects on the gut microflora and they
have been used over the years for the control of salmonella (Ricke, 2003). Short chain organic
acids (formic, fumaric and propionic), have been reported to minimise colonisation of pathogenic
bacteria and production of toxic metabolites (Kirchgessner & Roth, 1988). Probiotics have a
number of health benefits beyond providing basic nutritional advantages. Probiotic products
consisting of beneficial microflora can help to establish and maintain the balance of the intestinal
microflora in commercial broilers (Netherwood et al., 1999; Fritts et al., 2000). The main
mechanism of action of probiotics is through the establishment of a normal gut microflora by
minimising or decreasing the disturbances caused by enteric pathogens (Dhama et al., 2008). The
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effectiveness of the probiotic depends on the type and concentration of the probiotic and
physiological state of the bird. Probiotic strains should be able to resist acid, bile salts and digestive
enzymes and, most importantly, must be able to reproduce rapidly. The strain must also not pose
any danger or should not impart any antibiotic resistance into the intestinal microflora (Seema &
Johri, 1992; Pal & Chander, 1999; Dhama et al., 2011; Mookiah et al., 2014).
Exogenous enzymes are potential alternatives to antibiotic growth promoters (AGPs) because of
their ability to improve digestibility of a wide range of feed components such as protein, phytate
and fibre. The effects of exogenous enzymes to the gut microflora occur in the ileal and caecal
phases (Bedford, 2000). In the ileal phase, enzymes decrease the number of pathogenic microbes
by speeding up the digestion process and limiting the number of substrate available. Trace minerals
such as manganese (Mn), zinc (Zn) and copper (Cu) are necessary for various body functions and
are also vital to maintaining optimum health (Dieck et al., 2003). Both exogenous and endogenous
enzymes require the presence of minerals for their activity. It is important to use the required
optimal levels of trace minerals to allow the animals to reach their full genetic potential
performance (Leeson & Caston, 2007). Copper plays an important role as a component of many
enzymes which have an effect on the maturation of haematopoetic cells; copper deficiency can
lead to inadequate iron utilisation in animals (Aksu et al., 2010). The trace mineral zinc plays a
vital role in the process of erythropoiesis. It particularly helps as a catalyst in the activity of αaminolevunilic acid dehydratase, which plays a part in haem thesis. Deficiency of zinc can lead to
adverse effects on erythropoeisis in marrow and a decrease of T and B lymphocyte production.
Several studies have indicated the positive effects of probiotics (Kalavathy et al., 2008; Awad et
al., 2009), organic acids (Abdel-Fattah et al., 2008) and chelated minerals (Yan & Waldroup, 2006;
Yi et al., 2007) on broiler performance and health, but no studies have investigated the possible
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additive effects of these additives when used in combination. Indeed, when used separately, the
outcomes have been inconsistent across studies (Ferket, 2004; Patterson & Burkholder, 2003;
Diarra & Malouin, 2014.
Therefore, the objective of this study was to evaluate the effects of a live Bacillus probiotic (≥ 4 ×
109 CFU per gram), a protease enzyme (600 000 U/g; EC no: 3.4.21.62), chelated minerals (Zn,
Cu and Mn), and fumaric and benzoic acids as feed additives, in place of AGP ZnB, on FI, growth
performance, bone development and blood parameters of broiler chickens. Thus, the study tested
the hypothesis that zootechnical feed additives improve the growth performance, feed utilisation
efficiency and blood parameters of broiler chickens.
3.2

Material and methods

3.2.1 Study site
The research trial was conducted at the North-West University Experimental Farm (Molelwane)
in the North West province of South Africa. The geographical coordinates are 25.8560°S,
25.6403°E. The farm is located at an altitude of 1782 above sea level. The annual rainfall is
between 300 and 500 mm, while the temperature ranges from 3°C - 37°C.
3.2.2 Feed ingredients
All the zootechnical feed additives were supplied by Novus International. The protease enzyme
used had an activity of 600 000 U/gram. The probiotic consists of a dried Bacillus licheniformis
PWD-1 that is not less than 4 × 109 CFU fermentation soluble mixed with limestone and natural
flavour. The minerals (copper, zinc and manganese) used were chelated with methionine hydroxyl
analogue butanoic acid (HMTBa). The organic acid that was used in this study was a combination
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of benzoic acid and fumaric acids blended to HMTBa. The inclusion levels of chelated minerals,
protease enzyme, organic acids and probiotic were 0.03, 0.05, 0.5 and 0.02%, respectively. The
chelated minerals additive was a composite of 19.3% copper, 36% zinc, and 44.7% manganese by
weight.

3.2.3 Chicks, management and experimental design
Eight hundred day-old Cobb chicks were purchased from a local hatchery (Mimosa Chicks,
Lichtenburg) and were weighed before being randomly and evenly distributed into 40 pens (20
chicks/pen). The pens, measuring (1.5m x 1.3m x 2m), were designed to meet animal welfare
standards for optimal production. Ethical clearance was sought and obtained from the Animal
Research Ethics Committee of the North-West University. Five dietary treatments were each
randomly allocated to eight replicate pens (experimental units) in a completely randomised design.
The dietary treatments under investigation were as follows:
1. A negative control consisting of a commercial broiler diet without Zn-bacitracin antibiotic
growth promoter (NC)
2. A positive control consisting of a commercial broiler diet with Zn-bacitracin antibiotic growth
promoter (PCZnB)
3. NC + protease enzyme + chelated minerals (MinEnz)
4. NC + protease enzyme + chelated minerals + fumaric and benzoic organic acids (MinEnzOrg)
5. NC + protease enzyme + chelated minerals + live Bacillus probiotic (MinEnzProb).
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The chelated minerals feed additive consisted of zinc, copper and manganese.
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Table 3.1. Ingredient composition (%) of the dietary treatments at starter, grower and finisher phase
Dietary treatments1
Starter
Grower
Finisher
Ingredients
T1
T2
T3
T4
T5
T1
T2
T3
T4
T5
T1
T2
T3
T4
Corn fine ground
43.0
43.0 43.0 43.0
43.0
46.23 46.23 46.23 46.23
46.23 51.47 51.47 51.47 51.47
Soy oilcake ARG
16.0
16.0 16.0 16.0
16.0
16.0
16.0
16.0
16.0
16.0
13.0 13.0 13.0 13.0
Sunflower oilcake
5.0
5.0 5.0
5.0
5.0
0
0
0
0
0
0
0
0
0
Wheat bran SA
32.5
32.5 32.5 32.5
32.5
34.5
34.5
34.5
34.5
34.5
32.5 32.5 32.5 32.5
Limestone
1.1
1.1 1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0
0.95 0.95 0.95 0.95
MCP
1.1
1.1 1.1
1.1
1.1
0.95
0.95
0.95
0.95
0.95
0.8
0.8
0.8
0.8
Salt
0.15
0.15 0.15 0.15
0.15
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
Synth lysine
0.39
0.39 0.39 0.39
0.39
0.28
0.28
0.28
0.28
0.28
0.26 0.26 0.26 0.26
MHA
0.29
0.29 0.29 0.29
0.29
0.24
0.24
0.24
0.24
0.24
0.22 0.22 0.22 0.22
Synth threonine
0.15
0.15 0.15 0.15
0.15
0.1
0.15
0.1
0.1
0.1
0.1
0.1
0.1
0.1
Axtra PHY dry
0.01
0.01 0.01 0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01 0.01 0.01 0.01
Broiler starter premix 0.25
0.25 0.25 0.25
0.25
0.1
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
ZN BAC 15%
0
0.05 0
0
0
0
0.05
0
0
0
0
0.05 0
0
Monensin 20%
0.05
0.05 0.05 0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05 0.05 0.05 0.05
Sodium BIC
0.3
0.3 0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
Organic acids
0
0
0
0.50
0
0
0
0
0.50
0
0
0
0
0.5
Probiotic
0
0
0
0
0.02
0
0
0
0
0.02
0
0
0
0
Chelated minerals
0
0
0.03 0.03
0.03
0
0
0.03
0.03
0.03
0
0
0.03 0.03
Protease
0
0
0.05 0.05
0.05
0
0
0.05
0.05
0.05
0
0
0.05 0.05
1
Dietary treatments: T1 = a negative control consisting of a commercial broiler diet without Zn-bacitracin antibiotic growth promoter; T2 = a positive
control consisting of a commercial broiler diet with Zn-bacitracin antibiotic growth promoter; T3 = T1 + protease + chelated minerals; T4 = T1 +
protease + chelated minerals + fumaric and benzoic organic acids; T5 = T1 + protease + chelated minerals + live Bacillus probiotic; ARG =
Argentina; SA= South Africa; MCP= Mono-calcium phosphate; Synth= Synthesis; MHA= 2-hydro-4-methylthio butanoic acid; PHY= Phytase;
ZN BAC= Zinc Bacitracin.
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T5
51.47
13.0
0
32.5
0.95
0.8
0.2
0.26
0.22
0.1
0.01
0.2
0
0.05
0.2
0
0.02
0.03
0.05

Table 2.2 Chemical composition (%, unless otherwise stated) of stater, grower and finisher diets
for broilers
Ingredients

Starter

Grower

Finisher

Metabolisable energy (MJ/Kg)

10.1

9.8

9.5

Dry matter

87.7

87.6

87.6

Organic matter

82.0

82.2

82.6

Crude protein

18.2

16.8

15.4

Ether extract

3.26

3.36

3.42

Crude fibre

6.11

5.36

5.14

Calcium

0.81

0.73

0.66

Sodium

0.14

0.14

0.14

Chlorine

0.25

0.25

0.25

Digestible LYS

0.76

0.85

0.98

Digestible MET

0.41

0.44

0.51

Digestible M+S

0.63

0.67

0.78

Digestible THR

0.54

0.58

0.68

Digestible TRP

0.12

0.14

0.15

Digestible ARG

0.75

0.83

0.91

Digestible ILE

0.50

0.55

0.60

3.2.4 Feeding management
The chickens received a low density diet (15% below the minimum requirements stated in the
Cobb 500 manual) in Table 3. At the end of the starter phase on day 13, the birds were fasted for
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16 hours. On days 14 to 16, the birds received a high protein diet, consisting of 40% soybean meal
and 10% poultry by-products, in order to induce stress as described by Kocher et al. (2004). The
grower diet in Table 3 was then introduced on day 17. The birds were also stressed using a high
stocking density. The recommended stocking density for broilers is 35 kg/m2 (16 birds) while for
this trial it was 42 kg/m2. The feeders were placed at the corners of the pens to decrease feeder
space. All these challenges were designed to upset the gut and stress the birds to see if the tested
zoonotic feed additives will have any effect under these harsh rearing conditions.
Day

Event

1

Starter (Crumbs)

2
11
12
13
14
15
16
17



Start 16 hour fast










Change of feed: from crumbs to mash
High protein feed
Change of feed: from crumbs to mash
High protein feed
Change of feed: from mash to pellets
High protein feed
End of the challenge
Pellet feeding till day 35

18
19
20

3.2.5 Feed utilisation and growth performance
Live body weight and FI were measured weekly. Body weight gain (BWG) was calculated on a
weekly basis throughout the 35-day experimental period. Cumulative feed intake was calculated
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at the end of the experiment. Feed conversion ratio (FCR) was calculated by the following
equation:

FCR =

Cumulative feed int ake ( g / bird )
Weight gain ( g / bird )

Mortality was recorded daily, and mortality rate was calculated at the end of the experiment.
3.2.6 Blood sampling and analysis
Two broiler chickens from each pen were randomly selected at day 33 for blood collection. Blood
samples were collected in non-heparised (red tube) and EDTA (purple tube) tubes by puncturing
the brachial vein. Within two hours of collection, blood was transported to Lancet laboratory
(Mafikeng, SA). The purple tube with anti-coagulant was used for haematological analysis. The
Idexx lasercyte (Haematology analyser) was used to analyse for haematocrit (HTC), haemoglobin,
erythrocyte, leucocytes, neutrophils, lymphocytes, monocytes, eosinophils, and normoblasts. The
red tube blood was centrifuged to obtain serum. The total protein, albumin, aspartate
aminotransferase (AST), alanine transaminase (ALT), sodium, potassium, albumin, urea, calcium
and cholesterol were quantified using an auto-analyser (Hitachi-704, Boehringer Mannheim Ldt,
Germany).
3.2.7 Latency-to-lie, tibia linear parameters and bone breaking strength
At day 35, two broiler chickens per treatment were exposed to the latency-to-lie test, as described
by Berg and Sanotra (2003). This test is based on the fact that body interaction with water is a
novel experience for broiler chickens. Each bird was individually placed in a plastic container
previously filled with 3 cm of water at 32 °C. The time it takes for the bird to sit down was
68

recorded, according to the principle that the better leg health the broilers has, the longer it will
stand up to avoid body contact with the water. If the chicken remained standing after 10 minutes,
the test was interrupted, because the legs were deemed to be strong and healthy.
At day 35 of the trial, eight right tibiae were collected from each treatment (one tibia per replicate
pen) through surgical removal during necropsy. Tibiae muscles were gently removed and cleaned,
including removal of periosteum by hand. Tibia length diameter, tibia diameter proximal end and
tibia diameter distal were measured using a Toshiba-Rotanode x-ray (Toshiba Electro Tubes and
Devices, Tochigi, Japan) connected to the Point-of-Care (CR140) system for digital imaging. After
linear measurements, all the tibia bones were placed on an adjustable 3-point bend/snap fixture
fitted on a heavy-duty TA-XT platform of a texture analyser (model TA-XT plus, Stable
Microsystems, Surrey, UK) and broken with a 6 cm flat head probe attached to a 50 kg load cell
reporting the breaking force in Newtons. The distance to the bone support was 50 mm. The
breaking bone strength was recorded as the peak load prior to the bone breakage.
3.2.8 Statistical analysis
Overall FI, BWG, and FCR, blood parameters, latency-to-lie and tibia linear data were analysed
using GLM procedures of SAS (2010) according to the following statistical model:
Yij    Ti  E ij

Where: Yij = dependent variable, µ = population mean constant common to all observations, T i =
effect of diet, and Eij = random error term. For all tests, the level of significance was set at P<0.05.
Yijk = μ + Ti+ Wj + (T * W)ij + εijk (2)
Where: Yij = observation (Cumulative weight gain parameter), μ = population mean constant
common to the observation, Ti = effect of diet, T*Wij = effect of diet interacting with week
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and εij = random error term. For all tests, the level of significance was set at (P <0.05).
3.3

Results

3.3.1 Feed intake and growth performance
Repeated measures analysis showed that there was no week × diet interaction effect on FI, BWG
and FCR, therefore, overall performance data is presented. FI and growth performance results are
shown in Table 3.1. At day 35, there were no dietary effect (P>0.05) on FI. The antibiotic growth
promoter diet (PCZnB) (positive control) promoted similar (P>0.05) BWG as the other four dietary
treatments. The addition of probiotic (MinEnzProb) and organic acids (MinEnzOrg) to diet
containing chelated minerals and protease enzyme had no effect (P>0.05) on BWG. Similarly,
FCR was not influenced (P>0.05) by dietary treatments.

Table 3.3: The effect of zootechnical feed additives on overall feed intake (g), weight gain (g) and
feed conversion ratio of broilers
Dietary treatments1

1

NC

PCZnB

MinEnz

MinEnzOrg

MinEnzProb

SEM

Weight gain

2682

2823

2767

2807

2807

83.00

Feed intake

3299

3165

3275

3310

3313

71.38

Feed conversion ratio

1.23

1.14

1.18

1.17

1.18

0.03

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
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chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic.

3.3.2 Haematological and serum biochemistry
The effects of zootechnical feed additives on haematological parameters are represented in Table
3.2. As indicated in the table, dietary treatments did not have any significant effect (P>0.05) on
erythrocytes, leucocytes, neutrophils, lymphocytes, monocytes, eosinophils, basophils and
normaplasts. Dietary effect (P<0.05) was only observed on haemoglobin and HTC. Chickens fed
MinEnzProb (9.57 ± 0.32 g/dl) and NC (9.52 ± 0.32 g/dl) had the highest haemoglobin levels. The
addition of probiotic improved haemoglobin levels compared to the diet with PCZnB, which
promoted the least haemoglobin levels compared to all dietary treatments. The NC diet promoted
the highest HTC value (0.37 ± 0.01%) compared to all other treatments. The chickens on PCZnB
diet had the least HTC values when compared to chickens fed diets with zootechnical feed
additives.
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Table 3.4: The effect of zootechnical feed additives on haematology of broiler chickens
Dietary treatments1

1

Parameters2

NC

PCZnB

MinEnz

Erythrocytes (x 1012/l )

2.68

2.39

2.59

2.63

2.68

0.10

Haemoglobin (g/dl)

9.52bc

8.33a

9.37b

9.37b

9.57c

0.32

Haematocrit (g/dl)

0.37c

0.31a

0.34b

0.34b

0.36bc

0.01

Leucocytes (x 109/l)

26.50

22.69

27.27

22.06

23.33

4.06

Neutrophils (x 109/l)

1.18

0.89

0.62

0.91

0.52

0.38

Lymphocytes (x 109/l)

15.03

16.82

22.50

18.53

19.49

2.85

Monocytes (x 109/l)

0.66

1.27

0.73

0.95

0.79

0.38

Eosinophils (x 109/l)

1.85

1.31

1.36

1.34

1.57

0.60

Basophils (x 109/l)

0.84

0.50

2.04

0.11

0.94

0.36

Normoplasts (/100WBC)

3160

2946

2553

3030

3103

287

MinEnzOrg MinEnzPro

SEM

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic
2

Parameters: HTC = Haematocrit; ALT = alanine aminotransferase AST = Aspartate

aminotransferase.

72

abc

Means between treatments groups without a common superscript are significantly different

(P<0.05).

The blood biochemistry indices are also represented in Table 3.3. There was a lack of statistical
significance (P>0.05) of dietary treatments with respect to serum aspartate aminotransferase
(AST), potassium, albumin, urea, calcium corrected and cholesterol levels. The alanine
aminotransferase (ALT) content of the blood was affected (P<0.05) by the diet with chickens fed
PCZnB having the highest (8.50 ± 1.57 IU/L) level, followed by NC chickens (5.75 ± 1.57 IU/L).
Chickens fed both controls (NC and PCZnB) had higher ALT than those fed diets with
zootechnical feed additives. The addition of organic acids to the diet with chelated minerals and
protease enzyme (MinEnzOrg) resulted in higher ALT levels in chickens. Addition of organic
acids to the diet with chelated minerals and protease enzyme (MinEnzOrg) also resulted in higher
serum ALT levels compared to the addition of probiotics (MinEnzPro). Total serum protein was
significantly (P<0.05) influenced by diet, with the highest level (33.37 ± 1.14 g/l) being observed
in NC chickens and the lowest level in PCZnB chickens (29.75 ± 1.14 g/l). Both MinEnzPro and
MinEnzOrg diets promoted higher serum protein level compared to the chickens receiving PCZnB
or MinEnz diets.
Sodium content was also affected (P<0.05) by the diet with chickens fed MinEnz having the least
concentration (144.0 ± 1.25 mmol/l) while the NC chickens had the highest concentration (147.25
± 1.25 mmol/l). The inclusion of zinc-bacitracin antibiotic (ZnB) and zootechnical feed additives
did not affect sodium levels when compared to the negative control diet. With regards to urea
levels in serum chickens fed NC diet had the highest urea levels compared to all dietary groups.
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Table 3.5. The effect of zootechnical feed additives on serum biochemistry of broiler chickens
Dietary treatments1

1

Parameters2

NC

PCZnB

MinEnz

MinEnzOrg

MinEnzPro

SEM

ALT (IU/L)

5.75b

8.50c

2.25a

3.37ab

2.87a

1.57

AST (IU/L)

391.25

336.87

380.62

358.50

265.75

36.26

Total protein (g/l)

33.37c

29.75a

29.50a

31.75b

31.00b

1.14

Sodium

147.25c

144.50b

144.00a

144.25b

144.25b

1.25

Potassium (mmol/l)

5.98

6.03

5.38

6.23

5.82

0.38

Albumin (g/l)

13.75

12.80

12.62

13.75

13.87

0.44

Urea (mmol/l)

0.39c

0.33b

0.20a

0.37bc

0.31b

0.05

Calcium total (mmol/l)

2.66

2.57

2.71

2.81

2.71

0.12

Calcium corrected (mmol/l)

3.19

3.12

3.27

3.09

3.24

0.06

Cholesterol (mmol/l)

3.73

3.61

3.46

3.72

3.72

0.14

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic
2

Parameters: HTC = Haematocrit; ALT = alanine aminotransferase AST = Aspartate

aminotransferase.
abc

Means between treatments groups without a common superscript are significantly different

(P<0.05).
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The effects of zootechnical feed additives on bone development are presented in Table 3.3. Diets
did not have any influence (P>0.05) on all the bone development parameters. The addition of
zootechnical feed additives produced similar results as both controls (NC and PCZnB). Similarly,
no statistical differences (P>0.05) were observed between the zootechnical feed additive-diets
(MinEnz, MinEnzOrg and MinEnzPro).
Table 3.6: The effect of zootechnical feed additives on bone development parameters
Dietary treatments1
Parameters

NC

PCZnB

MinEnz

MinEnzOrg

MinEnzPro

SEM

246.37

350.25

209.87

302.37

411.50

87.60

Tibia length (cm)

8.92

9.24

9.27

9.00

8.99

0.12

Tibia proximal (cm)

2.03

2.05

2.02

2.17

2.16

0.07

Tibia distal (cm)

1.66

1.86

1.75

1.80

1.76

0.05

Bone breaking strength (kg)

22.86

22.64

21.12

23.51

28.03

2.37

Latency-to-lie (seconds)

1

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic
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3.4

Discussion

3.4.1 Growth performance
Feed intake (FI), BWG and FCR measurements were not affected by the dietary treatments at the
end of the experiment. Similar findings were reported by Cave (1984); Watkins and Kratzer
(1984); Izat et al. (1990); Lee et al. (1993); Engberg et al. (2000); Panda et al. (2000); Ceylan et
al. (2003); Öztürk and Yildirin (2004); and Vale et al. (2004), who found that dietary inclusion of
AGPs, probiotics and organic acids had no effect on both BWG and FCR. There are also reports
(Gunal et al., 2006; Nollet et al., 2007) indicating that high levels of dietary organic acid have a
negative impact on performance parameters of broilers. Indeed, Cave (1984) discovered that
increased levels of propionic acid decreased FI and BWG in broilers. In contrast, several other
researchers reported beneficial effects of these additives on both the BWG and FCR (Vogt et al.,
1981; Henry et al., 1987; Manickam et al., 1994; Runho et al., 1997; Yeo & Kim, 1997; Gunes et
al., 2001). In general, most reported results in the available literature on the effects of zootechnical
feed additives on broiler performance are inconsistent. A number of factors including the
environment, general management, nutrition, additive types, dosage and bird characteristics (age,
species, stage of production) can affect broiler responses to feed additives (Yang et al., 2009) and
thus could explain these contrasting results.
Angel et al. (2005) reported that when broilers are grown under favourable conditions, in the
absence of stress and diseases, the inclusion of dietary probiotics does not result in any beneficial
effects on growth parameters. Chicks that are well-nourished and reared under optimal conditions
(clean environment and at moderate stocking density) do not respond positively to growth
promoters. A number of studies (Lyons, 1987; Miller, 1987; Anderson et al., 1999) reported that
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when broilers are reared under clean conditions, the addition of growth promoters such as organic
acids, probiotic or antibiotics do not effectively improve performance parameters. In an attempt to
address this, broilers in this study were deliberately reared under moderately stressful conditions
through short-term dietary manipulation and long-term higher-than-normal stocking density. The
result was that the ZnB AGP had no distinct advantage over the preferred zootechnical feed
additives in terms of broiler growth performance.
In the present study the proposed zootechnical feed additives produced similar results with the
ZnB control diet, which suggest that probiotics and organic acids have same beneficiary effects as
antibiotics growth promoters. Similar results were reported by Alp et al. (1999), Kahraman et al.
(1999), and Patterson and Burkholder (2003).
3.4.2 Haematological parameters
Nutritional factors (diet quantity, form and composition) also affect intermediary metabolism,
resulting in changes in plasma metabolite levels in poultry (Buyse et al., 2002; Swennen et al.,
2005). Interestingly, this study showed that all full blood counts, apart from haemoglobin and HTC
counts, were not influenced by dietary treatments. The combination of chelated minerals, protease
enzyme and a probiotic (MinEnzPro) promoted the highest haemoglobin concentration in broilers
compared to other treatments in the present study. This is in agreement with the study done by
Cetin et al. (2005), who found that addition of a probiotic (live Bacillus spp.) to the diet caused an
increase in both haemoglobin concentration and HTC values of turkeys. In contrast, Baidya et al.
(1994) reported that inclusion of probiotics and antibiotics in broiler diets did not affect
haemoglobin concentration. Mohan et al. (1996) reported a significant reduction in haemoglobin
concentration upon dietary inclusion of a probiotic (live Bacillus spp.). The researchers suggested
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that this reduction may be due to competition between the probiotic and the host for folic acid or
other nutrients.
Serum biochemical parameters can be used as indicators of physiological changes happening to an
organism under the influence of internal and external factors (Toghyani et al., 2010). Alanine
transaminase concentration was very high in chickens on the negative control diet compared to all
diets including organic acids additives. This confirms earlier findings (Hernández et al., 2006) that
organic acid addition had no effect on the blood metabolites in the broiler chickens. Total protein
and cholesterol levels were not affected by any of the dietary treatments in the current study. The
findings are in agreement with those of Dimcho et al. (2005) who reported that probiotic inclusion
did not affect the total protein concentration of broilers. The treatment with no additives (NC) had
the highest level of urea and sodium compared to all the treatments.
3.4.3 Bone measurements
Skeletal problems can be caused in a variety of ways with nutrition being one of the main factor
influencing skeletal development in birds. Fast growing birds have higher requirement for specific
nutrients; thus skeletal defects are common in fast growing chickens (Havenstein et al., 1994)
perhaps due to the inadequacy of the diet to supply that specific nutrient. As shown in Table 3.3,
all bone measurements were not affected by dietary treatments. Addition of these zootechnical
feed additives had no beneficial effects on bone development in contrast to Mutus et al. (2006),
who showed positive effects of probiotics on tibia ash and phosphorus concentration of broilers –
findings that suggest that probiotics increase both bone development and mineralisation. Probiotics
have a variety of mechanisms; one of them is the synthesis of vitamins such as Vit D {those
involved in bone formation????], through which they can beneficially affect bone health.
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Furthermore, anti-arthritic effects of probiotics, releasing minerals from the phytic acid complex
and improvement of calcium absorption by enterocytes are other proposed modes of action for
positive effects of probiotics on bone health and development (Scholz-Ahrens et al., 2007). In the
present study, the dietary addition of organic acid did not affect any bone measurements. The
results are in contrast with Brenes et al. (2003) who reported that supplementation with citric acid
to broiler diets improves utilisation of minerals (Ca, P and Zn). The anion of an acid can complex
with minerals such as Ca, P, Mg and Zn, subsequently improving the mineral’s digestibility
(Edwards and Baker, 1999).
3.5

Conclusions

Results showed that the inclusion of a combination of zootechnical feed additives in broilers diets
produce similar growth performance, blood parameters and bone development indices in the same
way as the diet containing the AGP ZnB. The zootechnical feed additive did not promote
undesirable results in terms of performance parameters, blood parameters and bone development
indices of the broiler chickens. Haematological indices were observed to be within the range for
healthy broilers for all the treatments. Supplementation with these zootechnical feed additives can
be considered a viable alternative to AGPs since they produce similar effects on growth
parameters, blood parameters and bone measurements.
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4

CHAPTER FOUR:

EFFECTS OF ZOOTECHNICAL FEED ADDITIVES ON

CARCASS CHARACTERISTICS AND MEAT QUALITY OF BROILER CHICKENS

Abstract
This study was to designed to investigate the effects of zootechnical feed additives (chelated
minerals (Zn, Cu and Mn), a live Bacillus probiotic, a protease enzyme and fumaric and benzoic
organic acids) on carcass characteristics and meat quality of Cobb broiler chickens. Eight hundred
Cobb broiler chickens were allocated to 40 pens (experimental units), to which were randomly
assigned five dietary treatments: a negative control consisting of a commercial broiler diet without
Zn-bacitracin antibiotic growth promoter (NC); a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter (PCZnB); NC + protease enzyme +
chelated minerals (MinEnz); NC + protease enzyme + chelated minerals + organic acids
(MinEnzOrg); NC + protease enzyme + chelated minerals + probiotic (MinEnzProb),. The
chickens were fed and reared for 35 days as described in Chapter 3 above. At day 35, chickens
were slaughtered for assessment of carcass traits and meat quality parameters. The weights of the
heart, full gizzard, empty gizzard and the length of the small intestine were not influenced (P>0.05)
by dietary treatments. However, diets influenced (P<0.05) the weights of spleen and
proventriculus, with the heaviest spleens (3.81 ± 0.32 g) and proventriculi (12.63 ± 0.61 g)
measured in chickens fed MinPro. No significant (P>0.05) dietary effect was observed on breast,
drumstick, wing, head, and shank weights, but on neck weights. Negative control chickens had the
heaviest (55.50 ± 2.02 g) necks while MinPro chickens had the lightest (44.88 ± 2.08 g) neck
weights. Initial pH, drip loss, shear force, lightness (L*) and yellowness (b*) were not (P>0.05)
influenced by diet. However, redness (a*) was significantly (P<0.05) affected by diet, with meat
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from the positive control chickens having the highest (3.17 ± 0.67 g) value. Similarly, meat from
the same diet also had the highest water holding capacity (WHC) (15.92 ± 1.34 %) and cooking
loss (26.03 ± 1.35 %). Results showed that using zootechnical feed additives as alternatives to
antibiotic growth promoters (AGPs) can be considered since the additives did not have a negative
impact on carcass characteristics and meat quality parameters compared to the positive control of
antibiotics.
Keywords: Zootechnical feed additive, meat quality, carcass traits, and broiler chickens
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4.1

Introduction

The success of poultry production enterprises is directly dependent on meat quality and carcass
yield. Inherent characteristics of the bird (Northcutt et al., 2003; Lyon et al., 2004) and preslaughter conditions (e.g. feeding level, heating, housing system, ventilation and lighting, preharvest time off feed, capture and loading) (Lyon et al., 2004; Karacay et al., 2008) are contributing
factors to carcass yield and meat quality (Fletcher, 2002; Delezie et al., 2007). Poultry breeders
have put intense focus on growth parameters (growth velocity and muscle mass) as the major
breeding objectives in the last 30 years. The growth parameters continue to influence the decisionmaking in poultry production due to the need to minimise costs, but are being questioned and
criticised after the appearance of morphological disorders in skeletal muscles (Sosnicki & Wilson,
1991). The criteria used for poultry carcass grading are mainly based on bruising and
discolouration, which remains biased since it doesn’t take into account other important qualities
to the processor and the consumer. The current shift in the market from whole birds to further
processed products has challenges related with toughness and poor cohesiveness, WHC problems
and colour (Sosnicki & Wilson, 1991).
Appearance is the major criterion for purchase selection and initial evaluation of meat quality by
customers. Additional quality parameters such as cooking loss, tenderness, juiciness, pH, dripping
loss and shelf-life are vital to the consumer after purchasing as well as to the processor when
producing value-added meat products (Allen et al., 1998).
Nutrition plays a major role in poultry production and its effect on meat quality has been observed
over the years. Zootechnical feed additives have several advantages over commonly used
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commercial antibiotics on meat quality since they are residue free and they are also, generally
recognised as safe and commonly used items in the food industry (Varel, 2002).
Tenderness has been recorded as a vital sensory factor preferred by consumers (Deathrage, 1963;
Savell et al., 1989, Cavitt et al., 2005). There are a number of methods used to measure tenderness
including sensory, consumer analysis, instruments and descriptive (Cavitt et al., 2004). pH is
another common determinant of meat quality (Battula et al., 2008). Protein denaturing may result
from a rapid pH decline, which will result in a decline in tenderness and juiciness as well as pale
colour of the muscle (Solomon et al., 1998). Meat colour is a significant attribute for the
consumer’s initial selection, final determination of acceptability post cooking and prior to
consumption (Fletcher, 1999). The WHC of meat is directly influenced by pH and denaturing of
proteins (Offer & Knight, 1988; Van Laack et al., 2000).
Minimal research has been reported on the effects of combinations of zootechnical feed additives
such as organic acids, probiotics, chelated trace minerals and enzymes on broiler carcass and meat
quality traits. Therefore, this study was done to evaluate the effects of the combination of these
zootechnical feed additives on broiler carcass and meat quality traits, which was evaluated through
tenderness, colour, pH, cooking loss, dripping loss and organ weights. The objective of this
experiment was to test whether the suggested zootechnical feed additives will have better effects
than antibiotics growth promoters on both meat quality and carcass traits.
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4.2

Materials and methods

4.2.1 Study site, source of diets, animal management
The full description of the study area is given in section 3.2.1 while section 3.2.2 provides a full
description of the experimental design and dietary treatments.
4.2.2 Slaughter procedure
At day 35, all the chickens were deprived feed for 13 hours to allow for the emptying of the crop
(Ari et al., 2013). The broilers were taken to the nearest local abattoir for slaughter (Rooigrond
Braaikuikens abattoir A3/32) situated in Mafikeng, South Africa. Upon arrival at the abattoir, the
broilers, grouped by pen (experimental unit), were immediately put into a metal rack upside down
for stunning. They were then slaughtered by the cutting of the jugular vein with a sharp knife and
allowing bleeding to take place for 2 minutes. Chickens were put inside the de-feathering machine.
After removal of feathers, hot carcasses (without neck, giblets and feet) were weighed. Thereafter,
all the carcasses and internal organs were taken to the university laboratory for determination of
internal organ sizes. The carcasses were kept at 5°C in a cold room for 24 hours, after which the
cold carcass weight was measured.
4.2.3 Carcass traits and internal organs
Carcasses from the different replicate pens were identified by placing them in marked plastic bags
immediately after slaughter. Carcass evisceration and measurement of carcass traits were done at
the abattoir. The following internal organs were hand-stripped and weighed: gizzard, spleen,
breast, provetriculars, heart, liver and small intestines (jejunum, duodenum and ileum). The
external organs that were weighed are wings, drumstick, shank, neck and breast. The carcass
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weight of each chicken was recorded and dressing out percentage was calculated as: Carcass
Weight / Live Weight x 100.
4.2.4 Meat colour and pH
Immediately after slaughter, meat pH was measured on the breast muscle using a Corning Model
4 pH (Corning Glass Works, Medfield, MA). Colour of the meat (L* = Lightness, a* = Redness
and b*=Yellowness) was measured using a Minolta colour-guide (Spectrophotometer CM 2500c,
Konika, Osaka, Japan), with a 20 mm diameter measurements area with innovative 45°a: 0
geometry optics. The colour meter was calibrated before measurements using a white tile for
standard white colour calibration.
4.2.5 Water holding capacity of meat
The WHC was determined on the surface of a freshly cut slice of the pectoralis major muscle (16
- 41 grams), and was determined as the amount of water released from fresh meat held under
pressure (60 kg pressure) using the filter paper press method described by Grau & Hamm, (1957).
The water from the freshly cut meat was taken up by a pre-weight filter paper and calculated as a
percentage. WHC was calculated as follows:
WHC (%) =

(initial weight – weight after pressing)
initial weight

×100

4.2.6 Meat drip loss
Drip loss was determined according to the method described by Zhang et al. (2005). The weighed
pieces of muscles (w1) from the PPM were hooked and suspended using a wire in a plastic bottle
and sealed properly so that the sample was not in contact with the sides of the bottle. The bottles
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were refrigerated at 4°C for three days (72 hours). The meat samples were weighed again after
three days to obtain the weight after drip (w2). The difference in weight of each sample before and
after drip was conveyed as percentage drip loss and calculated using the following equation:

Drip loss (%) =

(W1 – W2)
W1

×100

Where; w1 is initial weight, and w2 is weight after drip.
4.2.7 Meat cooking loss
The breast sample was chilled overnight at 4°C. Thereafter, the samples were individually weighed
to obtain initial weight (w1) of the pectoralis major muscle after thawing. The samples were then
placed in foil plates, which were placed in an oven (dry-heating) at 180°C for 30 minutes. The
broiled muscles were then removed from the oven and were allowed to cool down for 20 minutes.
The samples were then re-weighed to obtain the cooked weight (w2). The cooking loss was then
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 weight of raw meat, w2 is weight after cooking.
4.2.8 Meat tenderness
The cooked breast muscle that was used in the determination of cooking loss at 180°C for 30 min
was also used for shear force evaluation. The cooked samples were sheared perpendicular to the
fibre direction using a Meullenet – Owens Razor Shear Blade (A/MORS) mounted on a texture
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analyser (TA-XT plus, Stable Micro Systems, Surry, UK). The reported value in Newtons (N)
represented the average of the peak force measurements for each sample.
4.2.9 Statistical analysis
Carcass characteristics and meat quality traits data were analysed using GLM procedure of SAS
(2010) according to the following statistical model:
Yij = µ + Ti + εij
Where: Yij = observation (carcass characteristics, meat quality parameters), µ = population mean
constant common to all observations, Ti = effect of diet, and Eij = random error term. For all
statistical tests, the level of significance was set at P <0.05.
4.3

Results

4.3.1 Carcass traits
The effects of experimental diets on carcass characteristics of broilers are presented in Table 4.1.
No differences existed (P>0.05) on all the carcass traits.
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Table 4.1. The effects of dietary treatments on carcass characteristics of broilers
Dietary treatments1

1

NC

PCZnB

MinEnz

MinEnzOrg

MinEnzProb

SEM

Final Body weight (g)

2726.2

2804.2

2773.1

2850.7

2804.3

84.6

Hot carcass (g)

1716.5

1570.5

1590.2

1673.1

1619.6

55.13

Cold carcass (g)

1684.5

1548.5

1560.6

1620.6

1631.3

53.13

Dressing %

63.95

57.22

56.50

61.67

62.34

3.05

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic.

4.3.2 Internal organs
The effects of dietary treatments on sizes of internal organs of broiler chickens are presented in
Table 4.2. No dietary differences were observed (P>0.05) in the sizes of hearts, full gizzards,
empty gizzards, liver and small intestines. However, diet affected the size of the spleen and
proventriculus. The heaviest spleens were observed in chickens offered MinPro (3.81 ± 0.32 g)
diet followed by the chickens offered the positive control (PCZnB) with spleens weighing 2.75 ±
0.32 g on average. The NC-fed broilers had the lightest spleens. MinPro broilers had the heaviest
proventriculi followed by the PCZnB. When compared to the diet with chelated minerals and
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protease enzyme (MinEnz), addition of probiotic (MinEnzPro) and organic acids (MinEnzOrg)
did not affect the size of the proventriculars.
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Table 4.2. The effects of dietary treatments on size of internal organs of broiler chickens
Dietary treatments1
Parameters

1

NC

PCZnB

MinPro

MinProOrg

MinProProb

SEM

Heart (g)

13.25

11.37

12.62

12.63

12.57

0.78

Spleen (g)

2.12a

2.75ab

3.81b

2.67ab

2.32a

0.32

Full gizzards (g)

39.75

42.37

44.0

47.50

42.42

2.74

Empty gizzards (g)

32.88

34.12

35.25

35.13

33.86

2.18

Liver (g)

42.63

40.75

43.50

45.25

42.14

2.17

Proventriculus (g)

11.63bc

9.63a

12.63c

10.13b

10.43b

0.61

Small intestines (cm)

155.75

147.44

145.81

155.57

147.64

4.43

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic.
a,b

In a row, means with common superscripts do not differ (P > 0.05).

4.3.3 External organs
The effects of zootechnical feed additives as alternatives to Zn-bacitracin antibiotic growth
promoter on external organs of broiler chickens are presented in Table 4.3. No significant (P>0.05)
difference was observed in terms of the size of breast, drumstick, wing, head, and shank of the
broiler chickens. The only significant effect of dietary treatments was seen on the neck weights of
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the broiler chickens. The chickens offered the negative control diet had the heaviest necks (55.50
± 2.08 g) while the MinPro and PCZnB chickens had the lowest neck weights (44.88 ± 2.08 g).
The MinEnzOrg chickens had higher neck weights compared to those fed on PCZnB.

Table 4.3. The effects of dietary treatments on external organs of broiler chickens
Dietary treatments1
Parameters

1

NC

PCZnB

MinPro

MinProOrg

MinProProb

SEM

Breast

371.75

365.62

342.75

378.00

417

26.82

Drumstick

218.00

212.00

188.87

212

227.50

11.12

Wing

94.25

86.75

88.37

98.37

100.25

6.86

Head

49.63

51.75

57.62

48.50

52.43

2.26

Shank

42.86

38.00

42.25

44.25

37.14

2.35

Neck

b

a

a

b

55.50

48.88

44.88

54.75

ab

48.71

2.08

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic.
a,b

In a row, means with common superscripts do not differ (P > 0.05).
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4.3.4 Meat quality measurements
The effects of zootechnical feed additives as alternatives to Zn-bacitracin antibiotic growth
promoter on meat quality measurements of the broilers are represented in Table 4.4. There was no
significant dietary effect (P>0.05) on pH, dripping loss and shear force. Similarly, diets had no
effect on all meat colour parameters apart from redness. Chickens fed PCZnB (3.17 ± 0.67) had
the highest redness value while those fed MinPro had the lowest value. Dietary treatments
influenced (P < 0.05) WHC with the highest value seen in chickens fed PCZnB (15.92 ± 1.34 %)
and the lowest value (12.21 ± 1.34 %) in chickens fed MinProProb. For cooking loss, chickens fed
NC showed the highest value (27.15 ± 1.35 %) while the chickens fed MinProOrg showed the least
cooking loss (21.65 ± 1.35 %).
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Table 4.4. The effects of dietary treatments on meat quality traits of broiler chickens

Dietary treatments1
Parameters2

NC

PCZnB

MinEnz

MinEnzOrg

MinEnzProb

SEM

Initial pH

7.01

7.16

7.11

7.10

7.11

0.05

Lightness (L*)

69.83

67.24

60.04

68.27

66.95

3.16

Redness (a*)

2.17ab

3.17b

1.35a

2.14ab

2.22ab

0.67

Yellowness (b*)

14.04

13.79

11.69

13.67

14.28

0.89

WHC

22.32c

15.92b

15.74b

12.53a

12.21a

1.34

Drip loss (%)

87.25

85.71

36.39

88.12

80.69

2.14

Cooking loss (%)

27.15b

26.03b

23.79ab

21.45a

21.65a

1.35

Shear force

10.39

8.64

9.16

9.23

9.29

1.51

Meat colour

1

Dietary treatments: NC = a negative control consisting of a commercial broiler diet without Zn-

bacitracin antibiotic growth promoter; PCZnB = a positive control consisting of a commercial
broiler diet with Zn-bacitracin antibiotic growth promoter; MinEnz = NC + protease enzyme +
chelated minerals; MinEnzOrg = NC + protease enzyme + chelated minerals + fumaric and benzoic
organic acids; MinEnzProb = NC + protease enzyme + chelated minerals + live Bacillus probiotic.
2

Parameters: WHC = Water holding capacity

a,b

In a row, means with common superscripts do not differ (P > 0.05).
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4.4

Discussion

4.4.1 Carcass traits
Final body weight, hot carcass weight, cold carcass weight, and dressing percentage were not
affected by the inclusion of all the zootechnical feed additives. Moreira et al. (2001) and Vargas
et al. (2002) reported similar findings when they found no differences in carcass yields between
birds that were fed a probiotic (live Bacillus) and control birds. In contrast, Pelicano et al. (2003)
reported that control birds showed higher carcass weights when compared to the treatments that
were given probiotics (live Bacillus). Based on the present study, probiotics do not have any effects
on carcass traits. The organic acids also had no effect (P>0.05) on the carcass traits. Skinner et al.
(1991) carried-out a study comparing the effects of dietary fumaric acid on broiler performance
from day 0 to day 49 and reported similar results to this study. Even the positive control diet in
this study, which contained antibiotic growth promoter, had similar (P>0.05) carcass traits as the
rest of the diets. Visek et al. (1978) demonstrated that the inclusion of antibiotics as feed additives
reduces the weight and the length of the intestines in poultry, which has a direct effect on carcass
yield. The lack of positive effect of PCZnB diet might be attributed to this observation.
The lack of uniformity in the effects of zootechnical feed additives on carcass traits across studies
could be explained by Emmans’ theory, which postulates that animals have “inherent” carcass
composition based on their genetic makeup, but vary in response to environment and nutritional
factors (Emmans, 1981). Thus, different studies testing the same additives may produce
inconsistent results due to environmental variation.
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4.4.2 Internal organs
In the present study, there were no dietary effects on size of internal organs apart from the spleen
and the proventriculus (Table 4.2). The lack of dietary influence on the size of internal organs has
also been reported in other studies (Cai et al., 2015; Zhang et al., 2013). The reason for this
outcome is largely unknown, but could be due to random effect (Cai et al., 2015). In this study,
the weight of the spleen was higher in broilers fed the protease enzyme and chelated minerals. and
similar results have been reported by Award et al. (2009). The measurements of immune organ
weights can be used as a method to evaluate the immune status in chickens (Heckert et al., 2002).
4.4.3 External organs
Dietary inclusion of organic acids in this study did not affect the size of external organs measured
except for neck weights. No comparisons were made with other studies because there are no studies
reporting on the effect of organic acids on external organs. Wang et al., (2010) reported that neither
the gastrointestinal system nor the external organs were affected by the dietary inclusion of
phenyllactic acid. The mode of action of feed additives on size of external organs is not wellunderstood and more research is needed to understand this effect.
4.4.4 Meat quality measurements
This study aimed to investigate whether the candidate zootechnical feed additives would alter meat
quality traits. Meat pH is well known to have an effect on meat quality parameters such as flavour,
tenderness, shelf-life and colour. A low pH has been associated with higher electrical conductivity
and lightness during meat aging (Honiken, 1992; Peters, 1996). The group mean pH values in the
current study ranged from 7.01 to 7.17 and there were no dietary differences (P>0.05) observed.
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Organic acids exert antimicrobial effects on the feed before consumption and upon ingestion in
the crop, gizzard and intestine (Cherrington et al., 1991), but do not seem to directly affect meat
pH. Most of the biochemical processes, such as pH changes, should take place so that the animal
muscle is converted into meat (Pearson, 1994). According to Jones and Grey, (1989), and Sams
and Mills (1993), pH level in a live animal is approximately 7.4, while at the end of post-mortem
ranges between 5.6 and 5.86.
Meat colour is a vital meat attribute that is normally measured in meat production chains so as to
pinpoint quality deficiencies e.g., pale, soft and exudative meat. The objective is to meet the
consumer demands with regards to product appearance (Resurreccion, 2003). The current study
shows higher values for redness (Minolta a*) in meat from chickens fed antibiotic growth promoter
(Table 4.4). These results are in contrast with the results found by Li et al., (2015) who found
tylosin antibiotic growth promoter to have no effect on the redness of the meat. The lightness
(Minolta L*) and the yellowness (Minolta b*) of meat was not influenced by diets. According to
Sanudo (1992), meat quality is affected by the pH changes that take place during rigor mortis.
Meat colour alterations, which mostly affect swine, such as PSE and DFD meat (dark, firm and
dry), are not common in birds. In spite of that, changes in colour that are similar to PSE have been
recorded in a number of studies (Northcutt, 1994). Interestingly, Allen et al. (1993) reported a
positive correlation between meat colour and pH. Both lightness (L*) and yellowness (b*) showed
negative correlation to pH, while redness had a positive correlation (Livingston and Brown, 1981).
The utility of probiotics in enhancing meat quality has been questionable due to several
inconsistent results. Some studies indicated a positive effect of probiotic supplementation
(Mahajan et al., 2000; Kim et al., 2005; Zhang et al 2005; Zhou et al., 2010), while others recorded
no beneficial effects (Kim 2007; Kim & Yoon, 2008; Zhang et al., 2012). In the present study,
105

probiotics did not have much effect on the meat quality parameter; they only showed a negative
effect on cooking loss and WHC. WHC and drip loss are some of the most important parameters
of meat quality factors because some nutrients may be lost in the exudate, which may have a
negative effect on the tenderness, flavour and juiciness of the meat (Chen et al., 2012). The other
parameter to consider when looking at indicators of WHC is drip loss. The current study did not
show any dietary effect on drip los,s but on WHC. The WHC result is in agreement with Kim et
al., 2017, who observed an increase in the WHC of breast meat from chickens fed with a probiotic,
although the detailed reasons for this are unknown. More studies are needed in order to understand
the effect of probiotics on meat quality. Chelated mineral supplementation did not show any effects
on meat quality. In agreement with our results, previous reports indicated that supplementing Mn
result in no effect on the dressing percentage (Collins & Moran, 1999; Lü et al., 2007). In the
present study the inclusion of Zn, Cu and Mn did not show significant (P>0.05) effect in all meat
parameters beside for WHC and cooking loss.
4.5

Conclusions

The conclusion is that the inclusion of zootechnical feed additives does not affect most of the meat
quality parameters. Most studies are focused on finding alternatives to AGPs in broiler diets, but
the effects of those alternatives on meat quality are not known. More studies are needed to
investigate the effects of these alternatives on meat quality
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