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 The use of an antibiotic as a growth promoter (AGP) began in the 1940’s 

with the discovery of growth responses from Streptomyces aureofaciens in the 

monogastric diet. However, resistance and residue problems have increased the 

negative consumer perception of growth promoting antibiotic use in animal diets. 

Although no direct link between antibiotic resistance in animals and succeeding 

antibiotic resistance in humans, there has been increased interest and push to 

find alternatives to AGPs.  

 Many different types of alternatives such as pre/probiotics, phytogenic 

compounds (e.g. herbs, and essential oils), enzymes and organic acids are being 

studied as AGP alternatives. Herbs are one of the four subgroups of the 

phytogenic classification. Plant based products contain plant secondary 

metabolites or phytochemicals which are effective as feed additives. Previous 

studies have found positive results with inclusion of phytogenic feed additives in 

poultry diets. Two experiments were carried out to test the effectiveness of herbal 

supplements (Superliv® Concentrate Premix (broiler) and AV/HLP/16 (layer)) on 

production performance, hindgut bacterial proportions of microbes, liver and 



 

 

muscle tissue lipid composition, and nutrient efficiency in broilers and on 

production performance, egg quality, egg and liver fatty acid composition, lipid 

stability, and hen serum lipids in laying hens. 

 In experiment one, effect of the herbal blend (Superliv® Concentrate 

Premix) and different levels of nutrient density in the diet of meat-type chickens 

was investigated.  A total of 120, one day-old Cobb broiler chicks were fed diets 

varying in metabolizable energy (ME) (Control, 2.5% reduced ME, 5% reduced 

ME) with and without Superliv® Concentrate Premix herbal blend. Body weight 

was the lowest for birds receiving the 5.0% Low Energy diet at the prestarter, 

grower and finisher phase (p≤0.05). Feeding 2.5% Low Energy diet had no effect 

on final body weight (p>0.05). No effect of energy level of the diet on total feed 

conversion ratio (FCR) was observed (p>0.05).  Gizzard weight was lowest in 

Control birds (p≤0.05). The Control diet broilers had significantly higher liver total 

lipid levels than the 2.5% and the 5.0% reduced energy diets (p≤0.05). The 

apparent total tract retention of fat was increased in birds fed 2.5% and 5.0% 

Low Energy diets (p≤0.05). Fecal dry matter (%) was lowest for birds fed 5.0% 

Low Energy (p≤0.05). Energy level in the diet did not impact total relative 

proportions of the Lactobacillus, Bifidobacterium and Salmonella in the cecum 

(p>0.05). 

 With respect to herbal supplementation in the diet, there was an increase 

in relative fat pad weight in birds receiving the supplement (p≤0.05). Total lipids 

was higher in the thigh muscle of birds fed the herbal supplement (p≤0.05). A 

significant increase in the relative proportion of Lactobacillus was observed in 



 

 

birds fed a diet containing the herbal supplement (p≤0.05). Fecal dry matter (%) 

was reduced in the birds receiving the supplement (p≤0.05). No effect of herb 

was found on the production performance indicators (FCR, body weight) or the 

apparent total tract retention of energy or fat (p>0.05).  

 In experiment two, the inclusion of an herbal blend formulated for layers 

(AV/HLP/16) at different levels in the diet was investigated. A total of 96 brown 

layers (age 27 weeks) were kept in individual cages and fed a commercially 

formulated diet with either 0% (Control), 0.1% (Diet 1), 0.15% (Diet 2) or 0.2% 

(Diet 3) AV/HLP/16 supplement for four months. Egg mass and egg production 

were highest in hens receiving Diet 3 (p≤0.05). Feed consumption did not differ 

significantly among the treatments (p>0.05). FCR was lowest for Diet 3 but there 

was only a trend for significance (p>0.05). Shell, yolk and albumen weight (%) 

did not differ between diets (p>0.05). Haugh unit and yolk index values were 

highest in birds fed Diet 3 (p≤0.05). Lipid oxidation products in the liver were 

highest for Diet 1 and Diet 3 but there was only a trend for significance (p>0.05). 

Egg lipid oxidation products were highest in Diet 2 (p≤0.05). Total lipids (%) in 

the liver was lowest in Diet 2 and Diet 3 (p≤0.05). There was no difference in yolk 

total lipids (%) (p>0.05). There were differences in individual yolk fatty acids. 

There was a significant decrease in stearic acid and arachidonic acid in egg 

yolks from Diet 3 (p≤0.05). Linoleic acid was reduced in supplemented diets 

(p≤0.05). Egg lipid content decreased as the hen aged (p≤0.05). No effect of diet 

on egg cholesterol or hen serum triglycerides was observed (p>0.05).  



 

 

 Overall, Superliv® Concentrate Premix herbal supplementation in the 

2.5% Low Energy broiler diet maintained production performance while 

enhancing the beneficial bacteria in the hindgut when compared to the Control 

diet. In the layer, AV/HLP/16 herbal supplementation at 0.2% increased egg 

weight and improved production performance. 
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1 INTRODUCTION 

 The agricultural industry has been in search of more environmentally 

acceptable and consumer approved feed additives to replace the use of antibiotic 

growth promoters (AGPs) (Wenk, 2000). It is expected by consumers that 

production of plant, animal and microorganism based products be relatively 

inexpensive, safe, and produce food of good quality (Wenk, 2000). The 

combination of hundreds of millions of food insecure persons, and a growing 

world population, means the amount of food produced must increase by about 

2% each year while not increasing the environmental output in order to feed the 

world (Wenk, 2000).  

 It is important sustainability wise that food be produced with a lower input. 

This is extremely valuable to the poultry industry, as feed cost is the main cost for 

egg and meat production (Londero et. al., 2014). Besides being of high cost, 

animal feed is also a main vehicle for exposing harmful microorganisms, such as 

mold, into the digestive tract (Londero et al., 2014). The intestinal tract of poultry 

is teeming with microflora, both beneficial and problematic (Bauhroo et. al., 

2009).  Reducing pathogenic organism proliferation in the gut with the use of 

feed additives could help avoid responses that have the potential to reduce 

performance and increase mortality and product contamination (Bauhroo et. al., 

2009). 

 As the use of AGPs becomes less appealing to consumers due to 

resistance and residue claims, other alternative feed additives such as 
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prebiotics/probiotics and phytogenics have received more attention. These 

alternative additives act on the animal in a multitude of ways to impact their 

health status, performance parameters, fertility, and the bioavailability of nutrients 

(Wenk, 2000).  

 In this context, this thesis describes the effects of Superliv® Concentrate 

Premix and AV/HLP/16 herbal supplements on poultry (broiler and layer) on 

production performance and product (meat and egg) quality.  
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2 GUT FUNCTION  

2.1 Microbial Populations 

 The interplay between the diverse microflora and growth promoters is very 

important. Beginning at birth, colonization of microbes begins with the exposure 

to diet and environmental factors. As the animal grows, so does their microbial 

population. The gastrointestinal tract (GIT) is predominantly gram positive 

bacteria, with 500 species outnumbering the host cells by an estimated 10:1. 

Certain microorganism species are more prevalent in specific parts of the tract 

due to pH and digestion rate factors. The gut microflora positively impacts a 

number of processes and affects the health, performance and production aspects 

of the animal (Dibner and Richards, 2005). The gut microbes are beneficial to the 

host for a number of reasons. The gut community is the first defense against 

pathogens (Oveido-Rondón, 2009), which can be introduced through pathways 

such as the environment or the feed. Competitive pathogen exclusion as well as 

increased stimulation of host defenses and providing of nutrients are some of the 

main benefits provided by the microbes (Dibner and Richards, 2005). 

 The microbiome also has some associated costs. The microbes compete 

with the host for nutrients, stimulate a high turnover of the gut epithelial cells, and 

induce an inflammatory response which can reduce overall animal performance. 

The mucus layer of the digestive tract is incessantly degraded by the microbes; 

therefore mucus secretion is continuous. With a high cell turnover, along with a 

high metabolism and protein synthesis rate, the gut epithelium accounts for 23 to 
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36% of the energy expenditure, meaning this energy is not available for the 

animal’s production (Dibner and Richards, 2005).  

 There are molecular methods to determine the microbial community 

makeup in the GIT (Oviedo-Rondón, 2009). The microbial community is affected 

most strongly by the nutrients in the diet, and with molecular methods, the effect 

of feed additives on these populations can be better explored. With a better 

understanding of the GIT microflora dynamics, performance enhancing and 

health modulating feed additives can be produced (Oviedo-Rondón, 2009).  

2.2 Determining the Microbial Population 

 Traditionally, cultures of microbes were performed to elucidate the GIT 

communities. However, with only 1% of the microbes being able to be cultured, 

this method is not effective (Oviedo-Rondón, 2009).The two categories for 

determining microbial communities are compilation based and total community 

analyses (Oviedo-Rondón, 2009). The more common methods now are a 

process of polymerase chain reaction (PCR) amplification of the16S rRNA 

followed by denaturing gradient gel electrophoresis analysis and DNA 

sequencing for identification (Oviedo-Rondón, 2009). Although common and 

valuable, the 16S rRNA methods do not distinguish between dead and alive 

microbes (Oviedo-Rondón, 2009). With many different options available for 

determining the microbial populations of the GIT, it is important that the method 

to be used is situationally evaluated for its strengths and weaknesses. 
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3 FEED ADDITIVES  

 There are many types of feed additives, including those with the potential 

to replace the antibiotic growth promoters that are in use today.  

 Common feed additives include antibiotics, probiotics and prebiotics and 

enzymes (Wenk, 2000). Antibiotics, like all other feed additives, are expected to 

increase host health and production performance (Dibner and Richards, 2005). 

Although exact physiological mechanisms of feed additives are unclear, the 

health effects are focused on the gut (Dibner and Richards, 2005). Probiotics are 

valuable gut microbe species that can colonize the gut, and prebiotics are 

indigestible oligosaccharides that can be utilized by the gut microbes 

(Kulshreshtha et. al., 2014; Murate et. al., 2015; Wenk, 2000). Endogenous 

enzymes such as carbohydrases and proteases are used to increase the 

digestibility of feed in the gut (Wenk, 2000). Phytogenic feed additives (PFAs) are 

another promising type of alternative. This phytogenic class contains 4 main 

subgroups: herbs, botanicals, essential oils and oleoresins (Hashemi and 

Davoodi, 2010). These herbal products positively affect bird performance and 

health due to their antimicrobial, antioxidant, immune boosting, and gut 

manipulation properties (Hashemi and Davoodi, 2010). 

3.1 Antibiotic Additives  

 The use of an antibiotic as a growth promoter began in the 1940’s with the 

discovery of growth responses from the presence of Streptomyces aureofaciens 

in a monogastric diet (Hashemi and Davoodi, 2010). When used as a feed 
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additive in the diet, sub therapeutic antibiotic levels are present in the range of 

about 2.5 to 50 ppm (Hashemi and Davooid, 2010). In part due to antibiotic 

supplementation in the diet, the growth rate and overall productiveness of 

broilers has increased in the last 50 years (Tajodini et. al., 2015). 

 As some antibiotic growth promoters (AGPs) are not absorbed, the 

mechanism of action for antibiotics is most likely in the gut with interactions with 

the microflora. Thinning of the intestinal wall villi and the total gut wall, as well as 

a reduction of opportunistic pathogens by competitive exclusion has been 

associated with the use of AGPs (Dibner and Richards, 2005). In an antibiotic 

comparison study, Bacitracin methylene disalicylate, Virginiamycin and a control 

diet were fed to male and female broilers. Miles et. al., (2006) found that at seven 

weeks, antibiotic fed birds were heavier than the control birds and their 

muscularis interna in the duodenum was thinner. At both three and seven weeks 

the antibiotic-fed birds had a lighter GIT weight than the control birds.  

 Resistance and residue problems have increased the negative consumer 

perception of growth promoting antibiotic use in animal diets. One study looking 

at antibiotic resistance tested 58 Salmonella enterica serovar Heidelberg isolates 

and found that 72% were resistant to at least one antibiotic and 24% of the 

isolates were resistant to 8 or more antimicrobials (Hoffman-Pennesi and Wu 

2010). In 1997, the World Health Organization (WHO) announced that antibiotic 

resistance was a global public health problem (Tajodini et al., 2015). The WHO 

promotes a proactive approach to reducing the need and use of antibiotic growth 
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promoters in animals especially within the classes that are used in humans 

(Dibner and Richards 2005). There is accumulated evidence of a correlation 

between antibiotics used as a growth promoting feed additive and antibiotic 

resistance in both humans and animals (Mahmoud et al., 2016). However in 

2009, the American Veterinary Medical Association (AVMA) cited no established 

direct link between antimicrobials used in animals and subsequent resistance in 

humans (Hoffman-Pennesi and Wu, 2010). Besides the potential for resistance, 

antibiotics also have the potential to leave a residue in the meat (Khan and Naz, 

2013).  

 In 1986, Sweden became the first country to ban the use of AGPs (Dibner 

and Richards, 2005; Wenk, 2000) and on January 1st 2006, the European Union 

banned the use of growth promoting antibiotics (Kulshreshtha et. al., 2014; 

Hafeez et. al., 2016). Due to the potential and realized problems occurring with 

the use of growth promoting antibiotics, as well as consumer pressure, the need 

for an alternative is essential for the poultry industry.   

3.2 Prebiotic/Probiotic Additives 

 Prebiotics, probiotics and synbiotics (prebiotic and probiotic combination) 

are alternative feed additives used to control pathogens in the gut and increase 

bird performance (Murate et. al., 2015). Prebiotics are oligosaccharides that are 

indigestible by the host animal but are utilized by specific populations of gut 

microorganisms. Prebiotics enable already present microorganisms to increase 

their numbers. (Murate et. al., 2015; Kulshreshtha et. al., 2014; Wenk, 2000). 
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Prebiotics can affect host health in a number of ways such as production of 

metabolites like lactic acid, modification of microbial metabolism, and increased 

cell integrity of the epithelium (Kulshreshtha et. al., 2014). Different from 

prebiotics, probiotics are microorganisms that are able to alter the host health by 

colonizing in the host GIT and providing a more balanced microbiota (Murate et. 

al., 2015; Khan and Naz, 2013; Wenk, 2000). Probiotics can be yeast, bacteria or 

fungi based and unlike antibiotics, do not have the potential to leave a residue 

(Khan and Naz, 2013). Lactic acid bacteria, which produce antifungal 

metabolites, are common probiotic bacteria (Londero et al., 2014).  

 Important characteristics of a probiotic include: being resistant to bile and 

acid, being strain specific, have no side effects, being able to reduce the amount 

of pathogenic microorganisms and have the ability to withstand feed processing. 

The most common probiotic mode of action is through the lowering of the gut pH 

through the volatile fatty acids and organic acids produced during the probiotic 

product breakdown (Khan and Naz, 2013).Pathogenic bacteria such as 

Salmonella and E. coli strains cannot grow well below a certain pH (Khan and 

Naz, 2013; Wenk, 2000). Another way probiotics effectively control pathogen 

levels in the gut is through competitive exclusion of adhesion areas along the gut 

lining. Immune system stimulation, nutrient competition and reduced levels of 

toxin producing β-glucosidase and β-glucuronidase in the intestines and feces 

are other mechanisms probiotics utilize for pathogen protection (Khan and Naz, 

2013).  
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 Research on polysaccharides in seaweed for use as a prebiotic 

supplement has seemed promising due to its indigestibility by the host digestive 

enzymes and its strain specificity for beneficial microbes. Supplementation with 

seaweed was found to increase the acetic acid, propionic acid, n-butyric acid, 

and i-butyric acid in the cecum by significant levels while decreasing the 

prevalence of Clostridium perfringens (Kulshreshtha et. al., 2014). 

 In a study done by Murate et. al., (2015) on probiotic, prebiotic, and 

synbiotic supplementation, broilers and layers were challenged with Salmonella 

enterica serovar Enteritidis. In the layers, a significant decrease of infected birds 

was found with the prebiotic treatment but not the control treatments. There was 

no effect between the probiotic, prebiotic and synbiotic and the control treatments 

in the broiler birds with respect to Salmonella infection. At early post infection 

there was a significant reduction in Salmonella counts in the broiler and layer 

birds receiving the prebiotic compared to the control diet. However, by day 14 

and 21, there were no significant differences in the Salmonella count (Murate et. 

al., 2015). 

3.3 Phytogenic Additives 

 The efficacy of plants depends on the type and amount of plant secondary 

metabolites or phytochemicals contained in the plant. These components act on 

the GIT of the host animal and help to improve the microbial community which in 

turn helps resist colonization and take over from pathogenic microorganisms 

(Figure 1). Figure 1 reviews the main mechanisms by which herbal additives 
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work to provide benefits to the host. Compared to antibiotic feed additives, 

phytogenic additives are more natural, less toxic and residue free alternatives. 

The 4 subgroups in this large plant additive class are herbs, botanicals, essential 

oils and oleoresins. They have a wide variety of properties that allow them to be 

effective feed additives (Hashemi and Davoodi, 2010).  

Figure 1. Main mechanisms by which herbal plants exert positive effects on 
health and performance of the bird, from Hashemi and Davoodi (2010). 
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 The antimicrobial property of phytogenic feed additives is due to the 

bioactive components such as tannic acid and saponins. Tannic acid can 

promote iron deprivation, and saponins can bind with sterols to cause 

microorganism damage and cell destruction (Hashemi and Davoodi, 2011). 

There are many different types of phytogenic feed additives that have been found 

to have antimicrobial activity, many of which are documented in Table 1 

(Sanchez-Diaz et. al., 2015). 
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Table 1. Feed additive phytobiotics and their antimicrobial effects, from Diaz-
Sanchez et. al., (2015).  
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 There are many examples of positive findings with PFA supplementation. 

The impact of nutrient density and PFA supplementation (quillaja, anise and 

thyme) on growth and performance of meat ducks was investigated by Gheisar 

et. al., (2015). These authors found that it was possible to recover some growth 

performance, meat quality, and nutrient digestibility loss that resulted from the 

lower nutrient density diet by supplementing the diet with a PFA (Gheisar et. al., 

2015). This study highlights the positive effects PFA’s can have with reduced 

nutrient diets.  

 A study with a phytogenic compound containing thyme and star anise was 

supplemented at 150, 750 and 1500 mg/kg in the diet. The PFA was not found to 

have a positive effect on the body weight, body weight gain or feed conversion 

intake compared to the non-supplemented control diet. Although there were no 

positive production findings, as supplementation increased, apparent ileal 

digestibility of crude ash, crude protein, crude fat and the absorption of 

phosphorous and calcium increased linearly. The birds fed the highest level of 

supplementation had the highest level of nutrient digestibility (Amad et. al., 

2011).  

3.4 Essential Oils  

 An essential oil is classified as the plant essence or benzene or terpene 

derivatives which are obtained through water and/or steam distillation. Essential 

oils are valuable due to their antimicrobial, antiviral, antioxidant and antiparasitic 

capabilities. Many plant sources of essential oils have been studies for feed 
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additive efficacy. Tecnaroma Herbal Mix PL essential oil blend, containing herbs 

such as thyme, basil and oregano, was supplemented in 100 gram increments 

from 100 to 500 in broiler chickens in a study by Khattak et. al., (2014). The 

essential oil supplement had a positive effect on bird performance and carcass 

characteristics (Khattak et. al., 2014).  

 Essential oils have been found to reduce the levels of pathogens such as 

gram negative E. coli and Salmonella bacteria in the gut. To test the antioxidant 

capabilities of specific phytogenic products, the oxygen radical absorbance 

capacity is determined. In a study by Hoffman-Pennesi and Wu (2010) thyme oil 

was found to be a better antioxidant than cinnamon bark oil and caeffic acid was 

found to have the highest antioxidant capability. However, feed conversion 

efficiency of broilers was not affected by supplementation of thymol and thyme oil 

(Hoffman-Pennesi and Wu, 2010). 

 With phenolic OH groups, certain PFAs have antioxidant qualities which 

promote a reduction in hydroxyl peroxide formation (Gheisar et. al., 2015). For 

example, the antioxidant specific feed additive resveratrol is a natural phenol 

stilbenes and can be found in grapes, berries, and turmeric. Resveratrol’s 

lipophilic and hydrophilic properties can be used to reduce the number of free 

radicals present in the body (Figure 2) (Alagawany et. al., 2015). 
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.  

Figure 2. Structural formula of Resveratrol, an antioxidant nutrient, from 
Alagawany et. al., (2015). 

 
 The area of PFAs is still relatively new and debated. There have been 

many conflicting results from different studies. The quality and quantity of the 

herbs is an important component that can affect study outcomes/findings. The 

quality can be affected by plant age, when it was harvested, how it was 

extracted, and what other ingredients are combined together to produce the 

additive (Hashemi and Davoodi, 2010). 

3.5 Feed Additive Conclusion 

 There are many potential possibilities for alternative feed additives. 

Phytogenics, which already have many “generally recognized as safe” products, 

as well as prebiotic/probiotic compounds are some of the promising alternative 

categories. With a growing demand for phasing out antibiotics, finding a useful 

alternative feed additive that is less toxic, promotes a better consumer image, 

and supports health, production and performance in a greater capacity than 

those realized by AGPs, is of utmost importance for the industry. 
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4 ENERGY IN THE POULTRY DIET AND ITS IMPLICATIONS 

 Feed is the largest portion of the production cost for meat and eggs 

(Londero et. al., 2014; Yegani and Korver, 2008). With this being said, efficiency 

in the bird is vital to the success of the poultry industry both economically and 

environmentally. Besides being of high cost, feed is also a main vehicle for 

exposing harmful microorganisms, such as mold, into the digestive tract (Londero 

et al., 2014).  

  The energy level birds receive is important not only for its effect on the 

growth of the bird, but also for its effect on carcass characteristics and health 

(Leeson et. al., 1996). Energy comes from the carbohydrate, lipid and protein in 

the feed (Classen, 2016). However, what you put into the bird as feed (energy) is 

not necessarily what the bird uses. The food energy in the animal can be broken 

down into the gross energy, digestible energy, metabolizable energy, and net 

energy (M’Sadeq et. al., 2016). Birds must be able to consume enough energy to 

fulfill not only their maintenance needs, but also their production needs in order 

to be a productive animal. After energy is utilized for maintenance functions such 

as metabolism and thermoregulation, additional energy can be utilized for meat 

and egg production. Within the poultry sector, metabolizable energy and net 

energy values have been utilized for measuring the energy use and energy 

availability in the bird (M’Sadeq et. al., 2016).  

 Energy homeostasis is complicated and controlled by many different 

factors that in turn affect the intake of energy (Classen, 2016). The internal and 



17 
 

 

external factors that are in play with respect to energy balance have a complex 

effect on feed intake (Classen, 2016). Confounding factors such as digestibility of 

nutrients, the type of feed processing, disease and the environment can muddle 

the relationship between the energy level in the diet and the feed intake 

response. With this in mind, the amount of energy in the diet does not accurately 

represent the feed intake of the bird (Classen, 2016).  

 Disease can greatly impact production of muscle and eggs. When disease 

arises in the bird with feed as the possible vector, a decline in feed intake occurs. 

The reduction in bird production performance can mainly be attributed to the 

decrease in feed intake but is also due to malabsorption (M’Sadeq et. al., 2016). 

Diseases such as necrotic enteritis have historically been dealt with using 

antimicrobial antibiotics in the feed. However, with negative consumer perception 

of these additives, the search for more natural antimicrobial supplements has 

gained traction (M’Sadeq et. al., 2016).   
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5 THE LIVER AND ITS ROLE IN LIPID METABOLISM  

 The liver plays an important role in the processes of lipid metabolism 

(Nguyen, 2008). Triglycerides are the predominate type of lipid in the glycerolipid 

category (Ratnayake and Galli, 2009). The liver is the main site for the synthesis 

of fatty acids such as triglycerides (lipogenesis) (Yang et. al., 2010) and the 

adipose tissue is the main site for the storage of triglycerides (Richards, 2003). 

Transport of triglycerides from the liver to the egg or to the adipose tissue is done 

in the form of very low density lipoprotein (Nguyen et. al., 2009; Waltzem, 2012). 

The triglycerides stored in the adipose tissue are the most concentrated source 

of energy in the body (Ratnayake and Galli, 2009). When an excess of 

carbohydrates is consumed in the broiler, carbohydrates are converted into fatty 

acids in the liver and then stored in the adipose tissue (Poureslami et. al., 2010).  

 Cholesterol is the main member of the sterol classification of lipids. This 

molecule also plays a role in lipid metabolism. Bile acids, which are also part of 

the sterol classification, are produced in the liver from the cholesterol molecule 

(Ratnayake and Galli, 2009). Secretion of bile helps to break down fat in the diet 

for better digestion.  

 Metabolic insulin, glucagon and the thyroid hormones play a part in the 

synthesis of fatty acids. When there is an intake of energy the thyroid and insulin 

hormones increase. This promotes the turning on the lipogenic gene in the liver 

which then in turn promotes triglyceride production and storage of excess fat in 

the adipose tissue. When there is upregulation of the insulin and thyroid 
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hormones, the highly expressed transcription factor, SREBP-1 is also 

upregulated (Richards, 2003). The transcription factor promotes changes in the 

expression of certain genes that affect this pathway. Other genes such as acetyl-

CoA carboxylase-α, carnitine palmitoyltransferase I and peroxisome proliferator-

activated receptors-α have a part in the response to energy levels in the body 

(Yang et. al., 2010). Leptin expression is found mainly in the liver. This hormone 

is affected by the triglyceride levels in the body and is able to affect feed intake 

and thereby promote better energy balance (Richards, 2003). 
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6 EGG QUALITY  

 Egg quality includes all the factors that make the product acceptable to the 

consumer. Quality factors include physical and nutritional aspects. The egg is 

made up of the yolk, albumen and the outer shell; these portions are 30-33%, 

60% and 9-12% of the total egg respectively (Roberts, 2004). The production of 

high quality eggs is vital to the success of the egg industry (Roberts, 2004). With 

millions of dollars being lost each year due to egg quality issues, it is extremely 

important to understand how egg quality is affected as to mitigate economic loss 

(Roberts, 2004). 

6.1 Physical Aspects  

 The shell of the egg is an important egg quality characteristic, as it 

provides calcium to the embryo, helps to resist environmental challenges and 

plays a direct role in egg breakage (Ketta and Tůmová, 2016).  Measurements of 

the shell include shell thickness, weight, percentage of the total egg and density 

(Ketta and Tůmová, 2016). Egg shell quality is due to factors such as genotype, 

age of the hen, oviposition and housing type (Ketta and Tůmová, 2016). Shell 

quality is also impacted by nutrition aspects such as calcium, vitamin D, non-

starch polysaccharides and phytases (Roberts, 2004).  

 Albumen height is an important egg quality factor. Albumen height along 

with egg mass (g) is used in the Haugh units equation to determine egg grade 

(Roberts, 2004). Haugh units can be affected by factors such as hen age, 

temperature, length of storage and nutrition (Roberts, 2004). Egg quality aspects 



21 
 

 

such as the yolk and albumen weight are important for the food processing 

industry (e.g. baking). Blood and meat spots also affect egg quality (Roberts, 

2004).  

6.2 Nutritional Aspects  

 The nutritional aspect of the egg can contribute to the product’s 

acceptance by the consumer. With an interest for an increase in omega-3 (n-3) 

fatty acids in the diet, supplementation of fish oils and flax have been 

researched. The increase in n-3 fatty acids such as α-linolenic (18:3 n-3), 

docosahexaenoic acid (22:6 n-3) and eicosapentaenoic (20:5 n-3) acid could 

provide health enhancing effects (Botsoglou et. al., 2012). However, with this 

increase in n-3 fatty acids, a concern for lipid oxidation has arisen (Meynier et, 

al., 2014). The n-3 polyunsaturated fatty acids (PUFAs) are more prone to 

oxidation in the gastrointestinal tract and when absorbed can negatively impact 

the organism (Botsoglou et. al., 2012). Off odor and off color due to lipid 

oxidation of the n-3 fatty acids could also affect consumer acceptability of the egg 

product (Cherian et. al., 1996). Many different natural products with antioxidant 

influences, such as the α-tocopherol in olive leaves, have been studies for their 

effects on lipid oxidation (Botsoglou et. al., 2012).  

 PUFAs contain one or more methylene groups which are reactive to 

oxidizing agents and therefore, can be used to produce peroxyl radicles (Marnett, 

1999). These initial peroxyl radicals can take many different pathways to form 

various damaging products, like malondialdehyde (MDA) (Marnett, 1999). The 
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use of α-tocopherols as antioxidants is valuable due to their ability to scavenge 

free radicles and therefore increase the oxidative stability of the egg. The 

oxidative stability in the egg and the tissues (e.g. breast and thigh muscle) can 

be determined with a thiobarbituric acid reactive substances (TBARS) analysis 

which looks at the amount of MDA present (Cherian et. al., 1996). 

 Cholesterol is an important nutritional factor that affects product 

acceptance. With heart disease being a leading cause of death in the United 

States (Elkin, 2006), consumers are wary of the amount of cholesterol in their 

foods. Eggs are a prime example of a consumer perceived cholesterol food as 

they supply about 30% of the cholesterol in the American diet. Cholesterol is 

predominantly produced in the liver (de novo) and then deposited into the yolk of 

the egg through receptor mediated endocytosis which occurs in the oocytes 

(Elkin, 2006). Cholesterol levels can be influenced by factors such as hen age, 

breed, and nutrition. Nutrition can impact the cholesterol level more significantly 

than age and strain. Some studies have shown that type and amount of fatty 

acids can affect the amount of cholesterol in the yolk, with increased levels 

occurring with increased levels of fat in the diet (Elkin, 2006). Studies have 

shown that garlic supplementation led to lowered cholesterol levels in broilers 

and layers, but overall the results have been inconclusive (Elkin, 2006).  

 With diet playing a substantial role in egg quality both physically and 

nutritionally, it is valuable to further study the effects various herbal supplements 

could have on overall egg quality.   
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Objectives of this thesis are:  

1. To investigate the effect of feeding Superliv® Concentrate Premix 

herbal supplement to broiler chickens fed diets varying in energy levels 

on production performance, hindgut relative bacterial proportions of 

microbes, liver and muscle tissue lipid composition, and nutrient 

efficiency. 

2. To investigate the effect of feeding AV/HLP/16 herbal supplement to 

layer hens on hen production performance, egg quality, egg and liver 

total lipids and fatty acid composition, egg and liver lipid stability, and 

hen serum lipids. 

 

Hypothesis of the thesis: 

 It is hypothesized that addition of Superliv® Concentrate Premix broiler 

herbal supplement will; 1. improve meat nutritional quality 2. not affect production 

performance in birds fed a low energy diet, and 3. alter hindgut microbial 

population.  

 It is hypothesized that addition of AV/HLP/16 layer herbal supplement will; 

1. improve egg nutritional quality and 2. improve production performance.  
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7 EXPERIMENT 1. EFFECT OF HERBAL SUPPLEMENTATION AND VARYING 
ENERGY LEVEL DIETS ON BROILER CHICKEN PERFORMANCE, TISSUE 
LIPIDS AND NUTRIENT RETENTION  

7.1 Introduction  

 With feed being the largest portion of broiler production cost (Londero et. 

al., 201; Yegani and Korver, 2008), feed efficiency in the bird is vital. The energy 

level provided to the birds has a direct impact on the bottom line. The energy 

level birds receive is important not only for its effect on the growth of the bird, but 

also for its effect on carcass characteristics and health (Leeson et. al., 1996). 

However, what you put into the bird as feed (energy) is not necessarily what the 

bird uses. The food energy in the animal can be broken down into the gross 

energy, digestible energy, metabolizable energy, and net energy (M’Sadeq et. 

al., 2016). After energy is utilized for maintenance functions such as metabolism 

and thermoregulation, excess energy can be utilized for meat and egg production 

(M’Sadeq et. al., 2016).  

 When antibiotics were discovered to be growth promoting in the 1940’s, 

their use was quickly adopted into the poultry rearing business model (Hashemi 

and Davoodi, 2010). However, with the banning of certain antibiotic growth 

promoters (AGPs), and their growing negative connotation with consumers,  

phytogenic products are being explored and used in hopes that they can 

increase both the quality of the feed and the bird performance (Hashemi and 

Davoodi, 2010). Improving growth rate with the help of phytogenic alternatives 

has been proposed to act through various mechanisms (Wati et. al., 2015). The 
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phytogenic class contains four main subgroups: herbs, botanicals, essential oils 

and oleoresins. Herbs are natural products, classified as originating from 

flowering, non woody plants that die down after they bloom (Hashemi and 

Davoodi, 2010). Herbs can have many valuable properties such as being an 

antimicrobial and an antioxidant as well as being able to manipulate the gut 

microbial content (Hashemi and Davoodi, 2010). Many plant based products are 

Generally Recognized as Safe (GRAS) by the Food and Drug Administration 

(Diaz-Sanchez et. al., 2015). 

 The increase in growth with the help of PFAs could produce a more 

efficient use of energy in the broiler diet, making feed cost more affordable and 

more consumer and environmentally friendly. But in order for antibiotic 

alternatives to be viable substitutes to AGPs, these natural products must 

perform to the same or higher standards (Wati et. al., 2015).   

 The GIT teems with microflora such as bacteria, protozoa and fungi 

(Yegani and Korver, 2008). The gut is mainly gram positive bacteria, and with 

500 total bacterial species, they outnumber the host cells about 10:1 (Dibner and 

Richards, 2005). The properties of feed can modulate the abundance of the 

microbes due to changes in pH, but can also expose the gut to pathogens 

(Yegani and Korver, 2008). The gut microflora plays an important role on bird 

health. Microflora can produce immune responses and competitively exclude 

pathogens and the thickness of the microflora on the gut wall affects the 

absorption of nutrients (Wati et. al., 2015; Dibner and Richards, 2005). The lactic 
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acid bacteria (e.g. Lactobacillus and Bifidobacterium) are valuable microflora 

(Rolfe, 2000). These bacteria are effective at populating the GIT and can resist 

colonization from bacteria such as Salmonella and E. coli (Rolfe, 2000).  

  The microflora benefits come with a cost. They have a high energy level 

need and compete with the host for nutrients. Therefore, it is important to 

understand how the microbiome interacts with the host animal and how 

alternative growth promoters affect and manipulate these interactions (Dibner 

and Richards, 2005).  

 In this chapter, the effect of energy level in the diet with and without herbal 

supplementation will be studied. Bird performance indicators (e.g. feed efficiency 

and weight gain) and relative organ weights are reported. Bacterial enumeration 

of Lactobacillus, Bifidobacterium and Salmonella bacteria using 16S rRNA are 

also reported. Tissue lipid content of liver, biceps femoris and pectoralis major as 

well as nutrient retention of energy and fat were also investigated. These 

parameters were chosen for study due to their role in metabolism (liver, major 

lipogenic organ), their value as edible food products (muscle) and their role in 

animal growth and food quality (energy, fat).  

 The objective of the current study is to explore the ability of a commercial 

herbal supplement (Superliv® Concentrate Premix) to mitigate the effect of low 

energy diets on broiler bird performance, tissue lipid content, hindgut microbial 

population and nutrient retention. The hypothesis is that the addition of Superliv® 

Concentrate Premix herbal supplement in a reduced energy diet will not reduce 
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production performance while enhancing both the beneficial bacteria in the 

hindgut and nutrient retention.  
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7.2 Materials and Methods  

 The current study was approved by the Oregon State Animal Care and 

Use Committee to ensure proper and ethical animal usage. 

7.2.1 Bird Management  

 A total of 120 Cobb broiler birds were used in a 41 day feeding trial. Birds 

were obtained from a local hatchery on day of hatch (day 0). Birds were 

individually weighed and randomly assigned to one of the six treatment groups. 

Experimental design was a 3x2 factorial design (three energy levels and 2 herb 

levels) with 20 birds per treatment. There were 4 replicates of each treatment. 

Experimental diets included: Control, 2.5 Low Energy, and 5.0 Low Energy with 

and without a 0.05% commercial herbal supplement (Tables 2, 3 and 4). With the 

2.5% and 5.0% reduced energy diets, the amount of fat in the diet was 

decreased with a reduction in vegetable oil and limestone was increased (Tables 

2, 3 and 4). The herbal supplement (Superliv® Concentrate Premix Ayurvet 

Ltd.™, India) contained different herbal products and was specifically formulated 

for broiler birds. Supplementation level was based on company recommendation 

as well as to minimize effect on diet composition. 

  Broiler birds were housed in six temperature and light controlled rooms. 

Each room was partitioned into four pens for a total of 24 pens. Birds were fed ad 

libitum a prestarter (day 0-10), grower (day 11-21) and finisher (day 22-41) diet. 

The six dietary treatments were provided on feeder flats during the prestarter 

period and from a hanging tube feeder during the grower and finisher periods. 
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Water was also offered ad libitum from a nipple drinker line. Hover heaters were 

used during the prestarter period to maintain proper room temperature. The 

lighting schedule was maintained at 23:1(L:D). Mortality was recorded and 

factored into bird performance calculations. 



30 
 

 

Table 2. Ingredient content, diet composition and calculated analysis of broiler 
prestarter diet 

  

1Addition of herbal supplement at 0.05% of total diet for a Control+H, 2.5% Low 

Energy+H and 5.0% Low Energy +H diets.  
2
Vitamin-mineral premix supplied per lb feed: vitamin A-1, 740,000 IU; vitamin D3, 

440,000 IU; vitamin E, 1,200 IU; vitamin B12, 1.6 mg; riboflavin, 800 mg; 
pantothenic acid, 1000 mg; niacin, 6,000 mg; menadione, 135 mg; choline, 
50,000 mg; thiamine, 275 mg; folic acid, 45 mg; pyridoxine, 180 mg; manganese, 
2.5%; zinc, 2.0%; selenium, 120 ppm; copper, 2,000 ppm; iodine 1,145 ppm; iron 
1.8%.   
3ME=Metabolizable Energy.  
4CP=Crude Protein.  
 

 

 

 

 

 

Ingredients (%) 
Prestarter (d 0-10) 

Control 
2.5% Low 

Energy 
5.0% Low 

Energy 

Corn, ground  54.3 54.3 54.3 
Soybean meal  37.0 37.0 37.0 
Vegetable oil 5.0 4.1 3.1 
Common salt  0.3 0.3 0.3 
Vitamin Premix2 0.5 0.5 0.5 
Monocalcium Phosphate 1.5 1.5 1.5 
Limestone  1.0 1.9 2.9 
L-Lysine HCL  0.2 0.2 0.2 
DL-Methionine  0.2 0.2 0.2 
Choline  0.1 0.1 0.1 

Superliv® Concentrate 
Premix 1 

0.05 0.05 0.05 

    
Calculated Composition    
ME, kcal/kg3 3106 3030 2955 
CP, %4 21.5 21.5 21.5 
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Table 3. Ingredient content, diet composition and calculated analysis of broiler 
grower diet 

Ingredients (%) 
Grower (d 11-21) 

Control 
2.5% Low 

Energy 
5.0% Low 

Energy 

Corn, ground  55.5 55.5 55.5 
Soybean meal  37.0 37.0 37.0 
Vegetable oil 4.0 3.0 1.8 
Common salt  0.3 0.3 0.3 
Vitamin Premix2 0.2 0.2 0.2 
Monocalcium Phosphate 1.5 1.5 1.5 
Limestone  1.0 2.0 2.9 
L-Lysine HCL  0.2 0.2 0.2 
DL-Methionine  0.2 0.2 0.2 
Choline  0.1 0.1 0.1 

Superliv® Concentrate 
Premix 1 

0.05 0.05 0.05 

    
Calculated Composition    
ME, cal/g3 3059 2982 2892 
CP, %4 21.6 21.6 21.6 

 

1Addition of herbal supplement at 0.05% of total diet for a Control+H, 2.5% Low 

Energy+H and 5.0% Low Energy +H diets.  
2
Vitamin-mineral premix supplied per lb feed: vitamin A-1, 740,000 IU; vitamin D3, 

440,000 IU; vitamin E, 1,200 IU; vitamin B12, 1.6 mg; riboflavin, 800 mg; 
pantothenic acid, 1000 mg; niacin, 6,000 mg; menadione, 135 mg; choline, 
50,000 mg; thiamine, 275 mg; folic acid, 45 mg; pyridoxine, 180 mg; manganese, 
2.5%; zinc, 2.0%; selenium, 120 ppm; copper, 2,000 ppm; iodine 1,145 ppm; iron 
1.8%.  
3ME=Metabolizable Energy. 
4CP=Crude Protein.  
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Table 4. Ingredient content, diet composition and calculated and analyzed 
nutrient analysis of broiler finisher diet 

Ingredients (%) 
Finisher (d 22-41) 

Control 
2.5% Low 

Energy 
5.0% Low 

Energy 

Corn, ground 63.5 63.5 63.5 
Soybean meal 28.0 28.0 28.0 
Vegetable oil 5.0 4.0 3.0 
Common salt 0.3 0.3 0.3 
Vitamin Premix2 0.2 0.2 0.2 
Monocalcium Phosphate 1.5 1.5 1.5 
Limestone 1.0 2.0 3.0 
L-Lysine HCL 0.2 0.2 0.2 
DL-Methionine 0.2 0.2 0.2 
Choline 0.1 0.1 0.1 

Superliv® Concentrate 
Premix 1 

0.05 0.05 0.05 

    
Calculated Analysis    
ME kcal/kg5 3191 3111 3031 
CP, % 18.3 18.3 18.3 

 
Analyzed Nutrient Values  
 
GE, kcal/kg3 

Crude Fat, % 

CP, %4 

 
4140 
3.06 
19.6 

 
3931 
4.15 
19.8 

 
3884 
4.71 
19.0 

 
1Addition of herbal supplement at 0.05% of total diet for a Control+H, 2.5% Low 

Energy+H and 5.0% Low Energy +H diets.  
2
Vitamin-mineral premix supplied per lb feed: vitamin A-1, 740,000 IU; vitamin D3, 

440,000 IU; vitamin E, 1,200 IU; vitamin B12, 1.6 mg; riboflavin, 800 mg; 
pantothenic acid, 1000 mg; niacin, 6,000 mg; menadione, 135 mg; choline, 
50,000 mg; thiamine, 275 mg; folic acid, 45 mg; pyridoxine, 180 mg; manganese, 
2.5%; zinc, 2.0%; selenium, 120 ppm; copper, 2,000 ppm; iodine 1,145 ppm; iron 
1.8%.  
3GE=Gross Energy. 
4CP=Crude Protein. 
5ME=Metabolizable Energy. 
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7.2.2 Assessing Performance of Broiler Birds 

 Broilers were weighed by pen at the beginning of the study (day 0), end of 

the prestarter phase (day 10), end of the grower phase (day 21) and at the end of 

the trial (day 41). Feed consumption per pen was also collected on the above 

mentioned dates. From this collected information, feed intake, body weight gain, 

and feed conversion ratio (FCR) were determined on a pen level for each feeding 

period.  

𝐹𝐶𝑅 =
𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔𝑟𝑎𝑚𝑠)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 (𝑔𝑟𝑎𝑚𝑠)
 

7.2.3 Collection of Tissue Samples 

 On day 42 of the feeding trial, eight birds (two birds per pen) in each of the 

six treatments, for a total of 48 broilers, were taken randomly and were weighed 

and then slaughtered using carbon dioxide gas asphyxiation. Each carcass was 

cut open and the liver, gizzard, heart, fat pad (area around the gizzard and the 

abdominal fat), biceps femoris (thigh) and pectoralis major (breast) samples were 

collected. The organs (gizzard contents removed) and tissues were weighed, and 

recorded. Organ and tissue weights were expressed as a percentage of total 

body weight. The thigh (biceps femoris) and breast (pectoralis major) samples 

were frozen and retained for lipid analysis.  

7.2.4 Bacterial Enumeration Using 16S rRNA Sequencing  

 Cecal contents from four birds per treatment (one bird per pen) for a total 

of 24 samples were collected by gently squeezing and frozen in liquid nitrogen. 

Samples were shipped to Ohio State University (Dr. Ramesh K. Selvaraj’s 
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laboratory). Cecal microflora was analyzed using the 16S ribosomal RNA as 

described (Shanmugasundaram et. al., 2013).Briefly, phosphate buffered saline 

(PBS) was mixed with the cecal samples and centrifuged. The supernatant was 

retained and centrifuged again. DNA extraction was performed for Lactobacillus, 

Bifidobacterium and Salmonella. Using these three bacteria’s known primers, 

polymerase chain reaction (PCR) was performed. The threshold cycle values 

were normalized to the threshold cycle values of the universal primer and used to 

determine the Lactobacillus, Bifidobacterium, and Salmonella relative 

percentages. These percentages are reported as a percent of the total examined 

bacteria analyzed (Shanmugasundaram et., al. 2013). 

7.2.5 Analysis of Liver, Thigh and Breast Tissues for Total Lipids 

 Previously frozen liver, thigh and breast samples were thawed, measured 

out to approximately two grams, and homogenized with a polytron. Tissue lipids 

were extracted with the Folch method, a 2:1 chloroform to methanol solution 

(Hayat et. al., 2009; Folch et., al. 1957). After the addition of 18 mL of Folch 

solution, homogenization and filtration, four mL of a 0.88% NaCl mixture was 

added (Hayat et. al., 2009). Separation of the solutions occurred after overnight 

incubation. The volume of the lipid portion was recorded and used to 

gravimetrically determine total lipid levels (Hayat et. al., 2009). Briefly, a known 

volume of lipid extracts for liver, breast, and thigh tissues were pipetted into pre-

weighed aluminum pans and gently heated to leave only the lipids in the pan. 

The pans were reweighed and total lipids were determined.  
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𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑝𝑖𝑑𝑠 (%) =
𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 × 𝑐ℎ𝑙𝑜𝑟𝑜𝑓𝑜𝑟𝑚 𝑙𝑒𝑣𝑒𝑙 𝑖𝑛 𝑚𝐿

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑖𝑛 𝑚𝐿 × 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑖𝑛 𝑔𝑟𝑎𝑚𝑠 
∗ 100 

7.2.6 Nutrient Digestibility and Apparent Total Tract Retention 

 On day 42, four birds per treatment (one bird per pen) for a total of 24 

broilers were taken randomly for a two day nutrient digestibility study. Each bird 

was individually housed in a hanging wire cage with their own feeding pan so that 

feed intake could be accurately measured. On three occasions during the two 

day digestibility study, excreta was collected from each bird from plastic laid on 

the floor under the cage. The collected samples were pooled for each individual 

bird. After feathers and foreign debris were removed, the feces samples for each 

treatment were freeze dried in aluminum pans. Dried feces and feed samples 

were ground and shipped to the University of Arkansas feed lab for determination 

of gross energy, crude protein and fat. The values obtained were used for 

calculating the apparent total tract retention (ATTR) of energy and fat. 

𝐴𝑇𝑇𝑅 =
𝑇𝑜𝑡𝑎𝑙 (𝑐𝑎𝑙𝑜𝑟𝑖𝑒𝑠 𝑜𝑟 𝑓𝑎𝑡) 𝑖𝑛𝑔𝑒𝑠𝑡𝑒𝑑 − 𝑡𝑜𝑡𝑎𝑙 (𝑐𝑎𝑙𝑜𝑟𝑖𝑒𝑠 𝑜𝑟 𝑓𝑎𝑡) 𝑒𝑥𝑐𝑟𝑒𝑡𝑒𝑑 

𝑇𝑜𝑡𝑎𝑙 (𝑐𝑎𝑙𝑜𝑟𝑖𝑒𝑠 𝑜𝑟 𝑓𝑎𝑡) 𝑖𝑛𝑔𝑒𝑠𝑡𝑒𝑑 
 

 Dry matter (DM) values for the pooled feces were determined by 

measuring about 5 grams of the collected samples into pre-weighed pans and 

heating them in an oven at 105oC for four hours to remove all the moisture. The 

remaining samples were reweighed to determine the DM weight for each 

treatment. Fecal dry matter was expressed as a percentage. 

𝐷𝑀 (%) =
𝐷𝑟𝑖𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

𝐹𝑟𝑒𝑠ℎ 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
∗ 100 
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7.2.7 Statistical Analysis 

 Experimental design was a 3x2 factorial design. Each floor pen of five 

birds was considered as the experimental unit for bird performance statistics. The 

eight birds (two per replicate) slaughtered were considered the experimental unit 

for relative organ weight and tissue total lipids. The four birds (one per replicate) 

that had their cecal contents removed were the experimental unit for the bacteria 

enumeration. The individual bird was the experimental unit for the ATTR and DM 

statistics. Statistical analysis of broiler performance, total lipids, nutrient retention, 

and cecal populations were done with GLM (general linear models) (version 9.4) 

(SAS Institute). Tukey’s honest significant difference test was used to compare 

the mean. A two way ANOVA (energy level and herbal supplementation) on 

mean effect was used. Significant differences were determined if p≤ 0.05. Trends 

were determined if 0.05<p≤0.09. Means and SEM are reported. Main effect 

means and interactions are reported. For clarification, main effect means were 

used when interaction term was not significant (p>0.05), and individual means 

were used when interaction term was significant (p≤0.05).  
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7.3 Results 

Table 5. Effect of energy level of the diet with and without herbal supplementation on production performance of 
broiler birds 

Effect  
Bird Weight (grams)  Bird FCR  

Initial3 

(d 0)  
PreStarter 

(d 10) 
Grower 
(d 21) 

Finisher 
(d 41) 

 
 

PreStarter 
(d 0-10) 

Grower 
(d 11-21) 

Finisher 
(d 22-41) 

Total 
(d 0-41) 

 
Diet1          

Control  38.07 177.52a 730.50a 2639.80a  1.48 1.64b 1.67 1.60 

2.5 Low Energy  37.90 175.55a 656.00b 2499.90a  
1.47 1.83ab 1.70 1.67 

5.0 Low Energy  37.88 155.88b 582.50c 2226.50b  1.53 1.91a 1.80 1.75 
 
Herb2   

 
 

  
   

No Herb 38.01 167.70 647.00 2470.67 
 

1.57 1.85 1.70 1.71 

Herb  37.88 171.60 665.67 2440.13 
 

1.42 1.73 1.75 1.63 
 
Significance 

    
  

   

Diet  0.787 0.007 <.0001 0.003  0.890 0.026 0.245 0.143 
Herb  0.607 0.479 0.288 0.724  0.163 0.121 0.480 0.234 
Diet X Herb 0.927 0.531 0.463 0.069  0.133 0.840 0.046 0.832 
 
SEM  

    
  

   

Diet  0.217 4.686 14.823 73.920  0.084 0.066 0.058 0.051 
Herb 0.177 3.826 12.103 60.356  0.069 0.054 0.047 0.042 

1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean meal basal diet (Control) with a 2.5% 
reduction in total energy (2.5 Low Energy) or a 5.0% reduction in total energy (5.0 Low Energy). 
2Herbal supplement was added into the diet at 0.05% of the total diet. 
3 Bird weight was measured at the end of the feeding stages. 
n=4 replicates of 5 birds.  
a-c Means with superscripts within columns denote statistical difference when p≤0.05. 
FCR= Feed conversion ratio. 
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Figure 3. Effect of energy level in the diet on relative organ weights (%) of the 
liver, gizzard, heart, and fat pad in broiler birds 

 
 

1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=8. 
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Figure 4. Effect of Superliv® Concentrate Premix herbal supplement on relative 
organ weights (%) of the liver, gizzard, heart, and fat pad in broiler birds  

 

1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=8. 
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Figure 5. Effect of energy level of the diet on the relative weight of breast and 
thigh tissues of broiler birds on day 42 of growth 

 
 
1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
n=8. 
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Figure 6. Effect of Superliv® Concentrate Premix herbal supplement on relative 
weight of breast and thigh tissue of broiler birds on day 42 of growth 

 

1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
n=8. 
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Figure 7. Effect of energy level in the diet on the relative proportions (%) of 
Lactobacillus and Bifidobacterium species in the broiler bird cecum  

 
 

1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
The proportions of each bacterial species are presented where the total and the 
examined bacteria was set at 100%. 
n=4. 
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Figure 8. Effect of Superliv® Concentrate Premix herbal supplement on the 
relative proportions (%) of Lactobacillus and Bifidobacterium species in the 
broiler bird cecum 

 

1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
The proportions of each bacterial species are presented where the total and the 
examined bacteria was set at 100%. 
n=4. 
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Figure 9. Effect of energy level in the diet on the relative proportion (%) of 
Salmonella in the broiler bird cecum 

 
 
1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
The proportions of each bacterial species are presented where the total and the 
examined bacteria was set at 100%. 
n=4. 
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Figure 10. Effect of Superliv® Concentrate Premix herbal supplement on the 
relative proportion (%) of Salmonella in the broiler bird cecum 

 
 
1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
The proportions of each bacterial species are presented where the total and the 
examined bacteria was set at 100%. 
n=4. 
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Figure 11. Effect of energy level in the diet on broiler bird liver, breast and thigh 
total lipid content 

 
 
1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
a-b Means with superscripts within columns denote statistical difference when 

p≤0.05. 

n=8. 
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Figure 12. Effect of Superliv® Concentrate Premix herbal supplement on broiler 
bird liver, breast and thigh lipid content 

 
 
1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
a-b Means with superscripts within columns denote statistical difference when 

p≤0.05. 

n=8. 
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Figure 13. Effect of energy level in the diet on the percentage of fecal dry matter 

 
 
1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
a-b Means with superscripts within columns denote statistical difference when 

p≤0.05. 

n=4. 
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Figure 14. Effect of Superliv® Concentrate Premix herbal supplement on the 
percentage of fecal dry matter  

 
 
1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
a-b Means with superscripts within columns denote statistical difference when 

p≤0.05. 

n=4. 
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Figure 15. Effect of energy level in the diet on apparent total tract energy 
retention in broiler birds 

 
 
1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
n=4. 
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Figure 16. Effect of Superliv® Concentrate Premix herbal supplement on 
apparent total tract retention of energy in broiler birds 

 
 
1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
n=4. 
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Figure 17. Effect of energy level in the diet on apparent total tract retention of fat 
in broiler birds 

 
 
1Control, 2.5 Low Energy, and 5.0 Low Energy consist of a corn and soybean 
meal basal diet (Control) with a 2.5% reduction in total energy (2.5 Low Energy) 
or a 5.0% reduction in total energy (5.0 Low Energy). 
a-c Means with superscripts within columns denote statistical difference when 

p≤0.05. 

n=4. 
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Figure 18. Effect of Superliv® Concentrate Premix herbal supplement on 
apparent total tract retention of fat in broiler birds. 

 
 
1Herbal supplement Superliv® Concentrate Premix was added into the diet at 
0.05% of the total diet. 
n=4. 
 

 

 

 
 
 
 
 
 
 
 
 

  

9

9.5

10

10.5

11

11.5

12

No Herb Herb

A
p

p
ar

en
t 

To
ta

l T
ra

ct
 R

et
en

ti
o

n
 o

f 
Fa

t 



54 
 

 

7.3.1 Production Performance  

 On day 0 at the initial weighing, there was no significant difference in 

average bird weight between treatments. At the end of the prestarter diet, the 

5.0% Low Energy diet fed birds were significantly lower in weight than the 

Control and 2.5% Low Energy diet fed birds (p=0.007). At the end of the grower 

diet, the 2.5% Low Energy diet fed birds were significantly lower in weight than 

the Control birds and the 5.0% Low Energy diet fed birds were significantly lower 

in weight than both the Control and 2.5% Low Energy diet fed birds (p=<0.0001). 

At the end of the study the body weight of the 5.0% Low Energy birds was 

significantly lower compared to the Control and 2.5 Low Energy birds (p=0.003). 

With respect to Superliv® Concentrate Premix herbal supplementation, there was 

no significant difference between the non-supplemented and the supplemented 

birds at any of the times of weighing. There was a trend for diet x herb interaction 

for the finisher period (p=0.069) (Table 5). 

  During the prestarter and grower phase, feed consumption was 

significantly reduced in the 5.0% Low Energy diet (p=0.025, 0.013) but was not 

affected by herb. In the finisher phase there was no effect of energy or herb on 

feed consumption. Overall there was trend in reduction of feed consumption with 

reduction in energy (p=0.065) and no effect of herb on feed consumption. Feed 

conversion ratio was found to be different between energy levels for the grower 

diet. The FCR in the grower phase was the highest for the 5.0% Low Energy diet 

(p=0.026). The 5.0% Low Energy diet FCR was significantly higher than the 
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control diet but not significantly higher than the 2.5% Low Energy diet. FCR was 

not significantly altered by Superliv® Concentrate Premix herbal supplement at 

any of the phases of bird growth. There was a diet x herb interaction for the 

finisher period (p=0.046) (Table 5). The total mortality for the study was five birds 

out of 120 (one from Control, one from Control+H, one from Diet 1+H and two 

from Diet 2+H) and was factored into the bird performance calculations. No 

necropsy or post mortem examination was conducted on the dead birds. 

7.3.2 Relative Organ Weight  

 No significant difference was found for the liver, fat pad, or heart weights 

as a percentage of total body weight with respect to diet energy level. The 

gizzard weight as a percent of total body weight for the Control diet birds was 

significantly lower than the 2.5% and 5.0% Low Energy diet fed birds (p=0.002) 

(Figure 3). With respect to Superliv® Concentrate Premix herbal 

supplementation, there was no difference in liver, gizzard and heart weights as a 

percent of total body weight among the birds that received the 0.05% herbal 

supplement and those that did not. Fat pad weight for birds that did not receive 

the supplement was significantly reduced compared to those birds receiving the 

herbal supplement (p=0.021) (Figure 4). 

 There was no effect of energy level or herbal supplementation on the 

breast and thigh tissue weight as a percent of total body weight (Figures 5 and 

6).  
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7.3.3 Bacterial Enumeration  

 Diet energy level had no significant effect on the relative total proportions 

of the Lactobacillus, Bifidobacterium, or Salmonella cecal microbes in the broiler 

birds (Figures 7 and 9). There was no significant difference in relative total 

proportions of Bifidobacterium or Salmonella with respect to herbal 

supplementation. However, there was a significant increase in the proportion of 

Lactobacillus bacteria in the herbal supplemented birds compared to the birds 

that did not receive the supplement (p=<0.0001) (Figures 8 and 10).  

7.3.4 Total Lipid Content in the Tissues  

 The total fat content of the liver, biceps femoris (thigh) and pectoralis 

major (breast) are shown in Figure 11. The liver total fat content was significantly 

affected by energy level of the diet. The birds fed the Control diet had 

significantly higher liver total lipid level than the 2.5% and the 5.0% reduced 

energy diets (p=<0.0001). There was no difference between the 2.5% and 5.0% 

Low Energy diets with respect to liver total fat content. The breast and thigh 

muscle total lipid level (%) did not differ significantly between any of the energy 

levels (Figure 11). 

 With respect to herbal supplementation, out of the three tissues tested, 

only the thigh lipid levels were significantly different between the diets. The 

percentage of total lipids in the thigh tissue was significantly lower in the no herb 

diet compared to those birds that did receive the supplement (p=0.008) (Figure 

12). 
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7.3.5 Fecal Dry Matter and Apparent Total Tract Energy and Fat Retention  

 The 5.0% Low Energy diet had significantly lower fecal dry matter (%) 

than the 2.5% Low Energy and Control diet (p=<0.0001) (Figure 13). There was 

no difference between the 2.5% Low Energy and the Control diets with respect to 

fecal dry matter. With respect to Superliv® Concentrate Premix supplementation, 

broilers receiving the supplement had significantly reduced fecal dry matter 

compared to the birds that did not receive the supplement (p=0.021) (Figure 14). 

 No difference in the total tract energy retention was found between diet 

energy levels (Figure 15). However a significant difference in total tract fat 

retention was found between all energy levels (Figure 17). The 5.0% Low Energy 

diet had significantly higher retention of fat compared to the other two diets and 

the 2.5% Low Energy diet had significantly higher apparent total fat retention 

than the Control diet (p=0.0001) (Figure 17). Neither the total tract nutrient 

retention of energy or fat was significantly affected by herbal supplementation 

(Figures 16 and 18).  
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7.4 Discussion   

7.4.1 Energy Importance  

 The results of this study suggest that reducing the diet energy level by 

2.5% and 5.0% does not significantly affect the FCR at the end of the finisher 

phase. Final body weight was reduced in birds fed the 5.0% Low Energy diet but 

no difference was observed in body weight of birds fed the 2.5% Low Energy 

diet. Herbal supplementation at the 0.05% level did not appear to significantly 

affect the FCR or body weight. In contrast, Houshmand et. al., (2011) found that 

a 10% reduced energy diet produced heavier birds than the control diet but 

negatively affected the FCR value. The same study done by Houshmand et. al., 

(2011), did not see an effect on the body weight or FCR of the birds receiving 

nonantibiotic supplementation (e.g. preboitics and organic acids) compared to 

the birds receiving no supplementation.  

 Garlic is a common and valuable herb known for antioxidant and 

antimicrobial functions (Puvača et. al., 2015). A study on garlic was found to 

increase the body weight and decrease the FCR when supplemented at 1g/kg 

feed (Khan et. al., 2012). Another study with garlic found the same positive 

results on body weight and FCR with supplementation (Puvača et. al., 2015). The 

current study did not see a significant effect of herbal supplementation on body 

weight or FCR by the end of the trial. However, in the current study a numerical 

increase in body weight (4 and 18 grams) at the prestarter and grower phase in 
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birds fed the herbal supplement was observed. It should be noted that the actual 

herbal composition of the Superliv® Concentrate Premix was not known.   

 A study focusing on fenugreek found an increase in body weight with 0.1% 

supplementation during the first 2 weeks of the trial without FCR or intake 

differences (Park and Kim, 2015). This was contrary to what the current study 

found, with no significant difference in weight between birds fed the herbal 

supplemented diets or non-supplemented diets. Park and Kim (2015) 

investigated the effect of reduced energy with supplementation. Park and Kim 

(2015) found increased weight gain in the group with the highest ME level in the 

first two weeks, similar to the findings of the current study. With fenugreek being 

a source of antioxidant activity from its polyphenolic flavonoids, it is assumed that 

the favorable results with respect to growth are due in part to the antioxidant 

action (Park and Kim, 2015).    

 It is important to note that the current study used only 0.5 grams of the 

Superliv® Concentrate Premix per kilogram of the diet (0.05% of the diet). Other 

studies used higher levels of herbal supplementation which might have led to 

different responses in the bird growth and FCR.  

 With feed cost being about 75% of the total cost to rear broilers, and the 

demand for poultry increasing, broiler performance is of important economic 

value (Saiyed et. al., 2015). A lower level of energy in the diet combined with the 

best dietary supplement to help mitigate the reduced performance of the birds 

could yield a more economical method of production.  
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7.4.2 Relative Organ Weights and Tissue Lipids 

 The results of the current study suggest that reduced energy leads to 

increased gizzard weight and herbal supplementation produces an increase in 

abdominal fat. It is not known if the reduced energy may have maximized the 

efficiency of the use of the gizzard for feed digestion. Abdominal fat in the bird 

originates almost exclusively from the liver (lipogenesis) or from the diet (Griffen 

et.al., 1992). The majority of the fatty acid (FA) synthesis takes place in the liver 

of poultry, and about 85% of the FA’s that are in the adipose at around market 

age/weight are distributed via plasma lipids (Hermier, 1997).  

 The current study found an increase in the fat pad weight for birds 

receiving the Superliv® Concentrate Premix supplement. This is contradictory to 

the findings of a previous study citing a decrease in the abdominal fat pad weight 

with 5g/kg garlic supplementation (Onibi et. al., 2009). Another study with garlic 

essential oil at a level of 300mg/kg found a reduction of abdominal fat weight, 

further disagreeing with the current findings (Kirkpinar et. al., 2014). The growth 

of fat can occur through hypertrophy, hyperplasia or a combo of the two 

mechanisms (Hood, 1980) but it was not determined in the current study to which 

mechanisms were functioning for the increase in the fat pad weight.  

 The same study by Onibi et. al., (2009) found no difference in the relative 

organ weights of the breast, thigh, heart, liver and gizzard, which mimics the 

findings of the current study. The study by Kirkpinar et. al., (2014) which used 

supplements of garlic, oregano and a combo of the two (300mg/kg), was in 
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agreement with previous and current studies that no difference in thigh or breast 

tissue relative weight was found due to herbal supplementation. This suggests 

that herbal supplementation does not adversely affect the development of the 

carcass. Unlike the Onibi et. al., (2009) study, the Superliv® Concentrate Premix 

supplement used in the current study was found to impact lipid percentage of the 

thigh muscle. With respect to the breast tissue, the two studies were in 

agreement; no change in total lipid percentage of the breast muscle occurred 

with supplementation.  

 The current study found an increase in gizzard weight when a decrease in 

the diet energy level occurred. The gizzard is an organ made up of thick and thin 

muscles that aid in the mechanical breakdown of food, and regulate the flow of 

feed (Svihus, 2011). The gizzard is able to adapt in size due to changes in diet 

characteristics such as particle size and fiber content (Svihus, 2011). In the 

current study there was no apparent difference in particle size in the diet, 

however lower energy diets did have more limestone particles. This could explain 

the increase in gizzard size for the 2.5% and 5.0% reduced energy diets. A 

reduction of total lipid percentage in the liver occurred as the amount of energy in 

the diet decreased.  As the liver is the primary site of lipogenesis, fatty acids are 

transferred from the liver to the body for usage in maintaining body metabolism 

resulting in lower lipids in the liver.  

 Lipid oxidation is one of the most common reasons for quality reduction of 

products like meat (Smet et. al., 2008). The lipid oxidation process occurs 
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naturally due to metabolism but this process can also be increased due to the 

presence of polyunsaturated fatty acids and/or not enough antioxidants in the 

diet (Smet et. al., 2008). With increased lipid levels in the thigh of Superliv® 

Concentrate Premix supplemented birds it is important to be aware of lipid 

oxidation product levels in the meat. Herbs such as garlic have antioxidant 

capabilities that have been found to put off lipid oxidation of muscle (Kirkpinar et. 

al. 2014). Although TBARS (a measure of lipid oxidation) was not performed in 

the current study, it is still important for meat quality and should also be 

evaluated as the trend of increased PUFA’s in meat continues (Smet et. al., 

2008).   

7.4.3 Gut Health Value 

 The results of this study suggest that the herbal supplement has a positive 

prebiotic effect in the GIT. The Lactobacillus relative proportion in the ceca of 

birds receiving a 0.05% supplementation was significantly greater than those 

without supplementation, highlighting a valuable increase in the GIT microbial 

population. Similar to the present study, Wati et. al., (2015) found that the levels 

of Lactobacillus counts were highest in their PFA diet compared to the negative 

control and the AGP diets, highlighting a beneficial and more natural stimulation 

of a positive gastrointestinal environment. Although Wati et. al., (2015) 

challenged their birds with pathogens, the current study saw increased levels of 

Lactobacillus without a pathogen challenge. In the Shargh et. al., (2012) study, 

there were higher levels of Lactobacillus in the crops of birds receiving probiotic 
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and garlic treatments. In contrast, a study done with a thyme and oregano 

supplement found no significant difference in the total plate counts of 

Lactobacillus from the ceca (Abdel-Wareth et. al., 2012). In a probiotic study 

done by Murate et. al., (2015) Lactobacillus and Bifidobacterium were part of a 

fed probiotic and were not found to affect the levels of Salmonella in the broilers 

when they were challenged by the introduction of the bacteria. However in 

another study, the bacteriocin Reuterin which is produced by Lactobacilli has 

been found in an in vitro setting, to inhibit Salmonella, Listeria and other 

pathogenic bacteria (Oviedo-Rondón, 2009). Since the levels of Salmonella in 

the herbal fed broilers of the current study were not found to be different than the 

non-supplemented broilers, a pathogen challenge might be more effective in 

understanding the supplement’s gut protective roles. It should be noted that the 

current study was conducted in the clean hygienic conditions of a university farm. 

The herbal supplement may have a more positive impact on a commercial farm 

where birds are exposed to challenges such as crowding and disease.  

 Lactobacillus has been proposed to reduce β-glucosidase and β-

glucuronidase levels by competitive exclusion (Khan and Naz, 2013). Probiotics 

promote optimal microbial balance in the gut in part from competitive exclusion of 

pathogenic microbes (Dibner and Richards, 2004). The reduction in immune 

response triggers from pathogenic invasion could benefit the host by mitigating 

negative impacts to nutrient siphoning thus allowing for better absorption of 

nutrients (Yegani and Korver, 2008, Wati et. al., 2015). As the ceca is the 
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predominant site for Salmonella colonization (Shanmugasundaram et. al., 2012), 

this area being at risk for pathogen occurrence. It is valuable to have increased 

Lactobacillus levels to naturally alter the ability for these pathogens to colonize.  

The increase in the relative proportion of Lactobacillus in the ceca suggests the 

prebiotic nature of the Superliv® Concentrate Premix. With better diet 

management and therefore less energy cost from the microbiome (Yegani and 

Korver, 2008), the FCR can be positively impacted, helping to offset the reduced 

energy level in the diet.   

 In conclusion, the findings of the current study demonstrate that herbal 

supplementation at a level of 0.05% affects the fecal dry matter percentage, fat 

pad weight and beneficially alters the relative microbial populations without 

adverse effects to production performance, total lipid levels and apparent total 

tract retention of fat and energy.  With respect to energy level in the diet, the 

current study found that a reduction in energy did not adversely alter FCR or the 

relative microbial populations. The total lipids of the liver and the relative gizzard 

weight were affected by the reduction of energy. Apparent total tract retention of 

fat and the fecal dry matter percentage were also altered by the 5.0% reduced 

energy diet. The 5.0% Low Energy diet adversely affected the final body weight. 

These changes may affect the bird microbial health and ultimately affect their 

performance productivity. However, the 2.5% Low Energy diet did not reduce the 

body weight. This finding will have an impact on the economic aspect of poultry 

production. 
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8 EXPERIMENT 2. EFFECT OF HERBAL SUPPLEMENTATION ON HEN 
PERFORMANCE AND EGG QUALITY. 

8.1 Introduction  

8.1.1 Feed Additives  

 The agricultural industry has been in search of more environmentally 

acceptable and consumer approved feed additives to replace antibiotic growth 

promoter use (Wenk, 2000). And with sustainability in mind, it is important that 

food be produced with a lower input. Reduced input is also extremely valuable to 

the poultry industry, as the feed is the main cost for egg and meat production 

(Londero et. al., 2014). With antibiotic growth promoter use rapidly becoming less 

appealing to consumers due to resistance and residue claims, other alternative 

feed additives such as prebiotics/probiotics and phytogenics have received more 

attention. These alternative additives act in the animal in a multitude of ways to 

impact health status, performance parameters, fertility, and the bioavailability of 

nutrients (Wenk, 2000).  

 Probiotics are valuable gut microbe species that can colonize in the gut, 

and prebiotics are indigestible oligosaccharides that can be utilized by the gut 

microbes. (Kulshreshtha et. al., 2014; Murate et. al., 2015; Wenk, 2000). 

Prebiotics can affect host health in a number of ways including production of 

metabolites like lactic acid, modification of microbial metabolism, and increased 

cell integrity of the epithelium (Kulshreshtha et. al., 2014). Different from 

prebiotics, probiotics are microorganisms that are able to alter the host health by 

colonizing in the host gut and providing a more balanced microbiota (Murate et. 
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al., 2015; Khan and Naz, 2013; Wenk, 2000). Probiotics can be yeast, bacteria or 

fungi based and unlike antibiotics, do not have the potential to leave a residue 

(Khan and Naz, 2013). Lactic acid bacteria, which produce antifungal 

metabolites, are common probiotic bacteria (Londero et al., 2014). The most 

common probiotic mode of action is through lowering of the gut pH from the 

volatile fatty acids and organic acids produced during the probiotic product 

breakdown (Khan and Naz, 2013). 

 Phytogenic feed additives (PFAs) are another promising type of 

alternative. This class contains 4 main subgroups: herbs, botanicals, essential 

oils and oleoresins (Hashemi and Davoodi, 2010). These herbs positively affect 

the bird performance and health due to their antimicrobial, antioxidant, immune 

boosting, and gut manipulation properties (Hashemi and Davoodi, 2010). The 

antimicrobial property of phytogenic feed additives is due to the bioactive 

components such as tannic acid and saponins. With phenolic OH groups, certain 

PFAs have antioxidant qualities which promote reduced hydroxyl peroxide 

formation (Gheisar et. al., 2015). 

 The essential oil category of the PFA is another alternative to antibiotics. 

An essential oil is classified as the plant essence or benzene or terpene 

derivatives which are obtained through water and/or steam distillation. These 

essential oils are valuable due to their antimicrobial, antiviral, antioxidant and 

antiparasitic capabilities (Khattak et. al., 2014). Essential oils have been able to 
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reduce the levels of pathogens such as gram negative E. coli and Salmonella 

bacteria in the gut (Hoffman-Pennesi and Wu, 2010).  

8.1.2 Egg Quality  

 Egg quality includes all the factors that make the product acceptable to the 

consumer. Quality factors include physical and nutritional aspects. The egg is 

made up of the yolk, albumen and the outer shell; these portions are 30-33%, 

60% and 9-12% of the total egg respectively (Roberts, 2004). The production of 

high quality eggs is vital to the success of the egg industry (Roberts, 2004). With 

millions of dollars being lost each year due to egg quality issues, it is extremely 

important to understand how egg quality is affected as to mitigate economic loss 

(Roberts, 2004). 

 The shell of the egg is an important egg quality characteristic, as it 

provides nutrients to the embryo, helps to resist environmental challenges and 

plays a direct role in egg breakage (Ketta and Tůmová, 2016). Measurements of 

the shell include shell thickness, weight, percentage of the total egg and density 

(Ketta and Tůmová, 2016). Egg shell quality is due to factors such as genotype, 

age of the hen, oviposition and hen housing type (Ketta and Tůmová, 2016). 

Shell quality is also impacted by nutrition aspects such as calcium, vitamin D, 

non-starch polysaccharides and phytases (Roberts, 2004).  

 Albumen height is an important egg quality factor. Albumen height along 

with egg mass (g) is used in the Haugh units equation to determine egg grade 

(Roberts, 2004). Haugh units can be affected by factors such as hen age, 
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temperature, length of storage and nutrition (Roberts, 2004). Egg quality aspects 

such as the yolk and albumen weight are important for the food processing 

industry (e.g. baking). Blood and meat spots also affect egg quality (Roberts, 

2004).  

 The nutritional aspect of the egg can contribute to the product’s 

acceptance by the consumer. With an interest for an increase in omega-3 (n-3) 

fatty acids in the diet, supplementation of fish oils and flax have been 

researched. The increase in n-3 fatty acids such as α-linolenic, docosahexaenoic 

acid and eicosapentaenoic acid could provide health enhancing effects 

(Botsoglou et. al., 2012). However, with an increase in the n-3 fatty acids, a 

concern for lipid oxidation has arisen (Meynier et. al., 2014). The n-3 

polyunsaturated fatty acids are more prone to oxidation in the GIT. The 

absorption of the oxidation products can negatively impact the organism 

(Botsoglou et. al., 2012). Off odor and off color due to lipid oxidation of the n-3 

fatty acids could also affect consumer acceptability of the egg products (Cherian 

et. al., 1996). Many different natural products with antioxidant influences, such as 

the α-tocopherol in olive leaves, have been studies for their effects on lipid 

oxidation (Botsoglou et. al., 2012). Oxidation of lipids includes initiation, 

propagation and termination stages known together as the autoxidation process 

(Jones and Kubow, 2012). PUFA’s contain one or more methylene groups which 

are reactive to oxidizing agents and therefore, can be used to produce peroxyl 

radicles (Marnett, 1999). Peroxyl radicals can begin to steal electrons from other 
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vulnerable PUFA’s thus creating a chain reaction and more lipid free radicles 

(Jones and Kubow, 2012). Damage to DNA, proteins and carbohydrates can 

occur due to the free radicles (Jones and Kubow, 2012). The peroxyl radicals can 

follow many different pathways to form various damaging products, such as 

malondialdehyde (MDA) (Marnett, 1999).   

  The termination of the chain reaction of lipid oxidation is possible with an 

electron donor or hydrogen (Jones and Kubow, 2012).The use of α-tocopherols 

as an antioxidant is valuable due to their ability to scavenge free radicles with the 

donation of hydrogen and therefore increase the oxidative stability of egg 

(Cherian et. al., 1996; Jones and Kubow, 2012). The oxidative stability in the egg 

or in tissues (e.g. breast and thigh muscle) can be determined with a TBARS 

analysis which looks at the amount of MDA present (mg/gram) (Cherian et. al., 

1996). MDA content has been used to measure lipid oxidation since it is a 

product of oxidation and because of its reaction with TBA reactive substances to 

produce a pink color (Marnett, 1999) which can be measured at 531 nm.  

 Eggs supply about 30% of the cholesterol in the American diet (Elkin, 

2006). Cholesterol is predominantly produced in the liver (de novo) and then 

deposited into the yolk of the egg through receptor mediated endocytosis which 

occurs in the oocytes (Elkin, 2006). Cholesterol levels can be influenced by 

factors such as hen age, breed, and nutrition. Studies have shown that type and 

amount of fatty acids can affect the amount of cholesterol in the yolk, with 

increased levels of cholesterol occurring with increased levels of fat in the diet 
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(Elkin, 2006). Garlic supplementation studies reported a reduction in cholesterol 

levels in broilers and layers, but overall the results have been inconclusive (Elkin, 

2006).   

 With diet playing a substantial role in egg quality both physically and 

nutritionally, it is valuable to study the effect of AV/HLP/16 could have on the 

overall quality of eggs and production aspects in laying hens.   

 In this chapter, the effect of AV/HLP/16 herbal supplementation on layer 

hen production performance, total lipid levels and TBARS of yolk and liver, fatty 

acid levels, cholesterol content of the yolk and hen serum triglycerides were 

investigated. The effect of AV/HLP/16 herbal supplementation on egg physical 

quality characteristics such as shell weight and thickness, yolk color, and Haugh 

units was also studied.  

 The objectives of this study are to explore the potential ability of a 

commercial herbal supplement (AV/HLP/16) to enhance egg quality (both 

physical and nutritional) and hen production performance. The hypothesis is that 

addition of herbal feed additives in the layer hen diet will increase production 

performance and enhance egg quality (nutritional and physical) parameters.  
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8.2 Materials and Methods 

 The current study was approved by the Oregon State Animal Care and 

Use Committee to ensure proper and ethical animal usage. 

8.2.1 Bird Management 

  A total of 96 brown layers, age 27 weeks, were kept in individual cages 

(18 in x 21 in x 23 in (l*w*h)) for a four month feeding trial. Birds were weighed 

and randomly assigned to one of the four dietary treatments. The basal diet was 

a corn and soybean commercially formulated diet (Home Grown™ Layer 16%, 

Country Acres Feed Company). The experimental diets contained varying levels 

of AV/HLP/16 herbal supplement added to the commercially formulated diet. The 

diets consisted of a 0% AV/HLP/16 supplementation (Control), a 0.1% 

supplementation (Diet 1), a 0.15% supplementation (Diet 2) and a 0.2% 

supplementation (Diet 3). The herbal supplement, (AV/HLP/16 Ayurvet Ltd.™, 

India) contained herbs like Allium sativum (garlic), Commiphora mukul (Indian 

bdellium), Ocimum sanctum (holy basil), Phyllanthus embilica (Indian 

gooseberry), and Trigonella foenum graceum (fenugreek). This AV/HLP/16 

supplement was specifically formulated for layer hens and was different than the 

formulation of the Superliv® Concentrate Premix broiler bird supplement. 

 There were a total of 24 birds per diet, with 12 experimental units per diet 

(two hens constitutes a replicate). Feed was provided ad libitum from feeder 

troughs and water was provided ad libitum from a nipple drinker line. The 
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standard Oregon State University lighting and heating procedures were 

implemented.  

8.2.2 Analysis of Performance Data  

 Throughout the four month study, daily egg production per treatment was 

recorded and daily average egg weight was noted. From there, average number 

of eggs produced per bird, egg mass, and hen day egg production was 

calculated.  

𝐸𝑔𝑔 𝑚𝑎𝑠𝑠 (𝑔) =
𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑙𝑎𝑖𝑑

𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 ℎ𝑒𝑛𝑠 𝑖𝑛 𝑡𝑟𝑖𝑎𝑙
∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑔𝑔 𝑤𝑒𝑖𝑔ℎ𝑡(𝑔) 

𝐻𝑒𝑛 𝑑𝑎𝑦 𝑒𝑔𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (%) =  
𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑙𝑎𝑖𝑑

𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 ℎ𝑒𝑛𝑠 𝑜𝑛 𝑡𝑟𝑖𝑎𝑙
∗ 100 

 Egg abnormalities were documented (e.g. broken eggs and soft shells). 

Total feed intake was measured at the end of every month of the feeding trial 

(total feed offered – total feed remaining) and used to find the feed consumption 

for each month. Feed conversion ratio (FCR) was also determined. No egg 

weight data was performed before the trial started.  

𝐹𝐶𝑅 =
𝐹𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (𝑘𝑔)

𝐸𝑔𝑔 𝑚𝑎𝑠𝑠 (𝑘𝑔)
 

8.2.3 Egg Quality Characteristics  

 A multitude of egg quality characteristics were noted every two weeks of 

the trial. A total of 12 eggs for each treatment (n=12) (one from each replicate), 

and 48 eggs overall were collected every two weeks of the feeding trial. Each 

egg was weighed and then cracked onto a level breakout table. The egg shell 
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was wiped clean, weighed and then measured in two places with a micrometer to 

determine the mean shell thickness.  Yolk color was determined with the Roche 

color fan. The Roche color fan ranges from 1-10 with 1 being the lightest color 

and 10 being the darkest. The albumen height and yolk height were measured 

with the Haugh meter. Measurements were recorded in millimeters at the point 

where the Haugh meter pin barely touched the sample. Yolk width was measured 

with a digital caliper. Egg yolks were separated with the yolk separator, making 

sure to remove the white, and were weighed. The yolks were saved for later 

analysis every other time egg quality was performed (once a month). From the 

collected data, albumen weight was also calculated (egg weight-(yolk weight+ 

shell weight)). The egg yolk index (height:width) was determined from collected 

data. Blood and meat spots were noted. Haugh units were calculated using the 

standard formula, with h being the average albumen height (mm) and w being 

the weight of the egg (g).  

𝐻𝑎𝑢𝑔ℎ 𝑈𝑛𝑖𝑡𝑠 = 100 ∗ log(ℎ − 1.7𝑤0.37 + 7.6) 

8.2.4 Collection of Hen Liver Tissue and Blood. 

 At the end of the study, six birds per treatment, for a total of 24 layers, 

were euthanized using carbon dioxide gas asphyxiation. Hen liver and blood 

were collected after decapitation and retained for lipid and triglyceride analysis.  

Liver tissue was kept frozen at -20oC until it was analyzed. The blood plasma 

was separated by centrifuging the blood sample for 10 minutes at 1500*g.  
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8.2.5 Egg Lipid Composition  

 Every four weeks, after egg quality data collection, six of the 12 weighed 

yolks were collected, pooled in a Ziploc bag and kept frozen at -20oC for later 

egg lipid analysis. The yolk and liver (collected at the end of the study) were used 

for lipid composition and fatty acid analysis. About two grams of pooled yolk and 

liver samples were weighted into 50mL screw-capped glass tubes for lipid 

analysis. Briefly, lipids were extracted with a chloroform and methanol solution 

(2:1 vol/vol) (Hayat et. al., 2009; Folch et., al. 1957). After the addition of 18 mL 

of Folch solution, and homogenization, the samples were kept overnight. The 

homogenized samples were filtered and four mL of a 0.88% NaCl mixture was 

added. Separation of the solutions occurred after overnight incubation and 

volumes of the lipid portion were recorded and used to determine total lipid levels 

(Hayat et. al., 2009). Briefly, a known volume of the lipid extract was pipetted into 

pre-weighed aluminum pans and gently heated to leave only the lipids in the pan. 

The pans were reweighed and total lipids were determined.  

𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑝𝑖𝑑𝑠 (%) =
𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 × (𝑐ℎ𝑙𝑜𝑟𝑜𝑓𝑜𝑟𝑚 𝑙𝑒𝑣𝑒𝑙 𝑖𝑛 𝑚𝐿)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑖𝑛 𝑚𝐿 × 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑖𝑛 𝑔𝑟𝑎𝑚𝑠 
∗ 100 

 Egg samples were shipped frozen to a commercial lab (Great Lakes 

Scientific Inc., Stevensville, MI) for cholesterol analysis as per AOAC methods. 

The blood samples were analyzed for triglycerides with the Stanbio LiquiColor, 

Triglyceride Procedure, No. 2100 (Stanbio Laboratory Inc.) (Panda and Cherian, 

2016). 
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8.2.6 Fatty Acid Analysis  

 With the above prepared lipid extract an aliquot was dried under nitrogen 

in a 20 mL screw-capped tube (Hayat et. al., 2009). To the dried extract, BF3 

Methanol solution (Metcalfe and Schmitz, 1961, Apperson and Cherian, 2016) 

was added and the tubes were partially submerged in boiling water in order to 

prepare the fatty acid methyl esters. Fatty acid methyl esters (FAME) were 

extracted with 2 mL of hexane and used for fatty acid determination (Hayat et. 

al., 2009). Fatty acid determination was performed by the Agilent 6890 gas 

chromatograph (Apperson and Cherian, 2016). The Agilent 6890 gas 

chromatograph (Hewlett-Packard Co., Wilmington, DE) has an autosampler, 

flame ionization detector, and a SP-2330 fused silica capillary column. Briefly, 

the prepared FAME mixture was injected into a temperature controlled column 

with helium gas as the carrier. Starting oven temperature was set at 150oC and 

held for 1.5 minutes. The over temperature was then increased by 15oC per 

minute to reach 190oC. This temperature was held for 20 minutes and then 

increased by 30oC per minute to reach 230oC. This temperature was held for 3 

minutes. The inlet and detector were both held at 250oC. Identification of the fatty 

acid methyl esters was performed by comparing the individual retention times to 

the fatty acid authentic standards (Nuchek Prep, Elysian, MN). Using the 

Hewlett-Packard ChemStation software, the peak areas and percentages of 

individual fatty acids were calculated (Agilent Technologies Inc., Wilmington, 

DE).  
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8.2.7 Thiobarbituric Acid Reactive Substances (TBARS) 

 Liver and yolk samples collected at the end of the study were used for a 

TBARS assay. For each sample, about two grams were weighed out, and then 

thoroughly homogenized with 3.86% perchloric acid (Hayat et. al., 2010). 

Homogenization was followed by filtration, and the addition of 20 mM of TBA 

mixture (Hayat at. al., 2010). The samples were incubated in the water bath for 

30 minutes at 70oC. Tetraethoxypropane standards were prepared using the 

same protocol. The absorbance of the standards and prepared yolk and liver 

samples were determined at 531 nm. TBARS were reported as mg of MDA per g 

of sample (Hayat et. al., 2010). 

8.2.8 Statistical Analysis 

 The 12 replicates (two birds each) for each dietary treatment were 

considered the experimental unit for production performance and egg quality. For 

TBARS, total lipids, triglycerides, cholesterol, serum triglycerides and fatty acid 

analyses, 6 replicates (four cages) were considered as the experimental unit. 

Statistical analysis of cholesterol, triglycerides, and TBARS (in the liver and yolk) 

was done with the one way ANOVA. Means were compared with Tukey’s honest 

significant difference test on SAS (version 9.4) (SAS Institute). Analysis of egg 

quality, hen performance and fatty acids were done by the two way ANOVA (diet 

and week as the main factors). Means were compared with Tukey’s honest 

significant difference test on SAS (version 9.4) (SAS Institute). Significant 

differences were determined if p ≤ 0.05. Trends were determined if 0.05<p≤0.09. 
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Means and SEM are reported. Main effect means and interactions are reported. 

For clarification, main effect means were used when interaction term was not 

significant (p>0.05), and individual means were used when interaction term was 

significant (p≤0.05).  
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8.3 Results 

Figure 19. Effect of AV/HLP/16 herbal supplement on daily hen egg mass  

 
 
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=12. 
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Figure 20.Effect of AV/HLP/16 herbal supplement on layer overall egg production 

 
 
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=12. 
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Figure 21. Effect of AV/HLP/16 herbal supplement on feed consumption 

 

Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
n=12. 
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Figure 22. Effect of AV/HLP/16 herbal supplement on feed conversion ratio 

 

Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
FCR= Feed conversion ratio calculated with kg of feed consumed divided by kg 
of egg mass. 
n=12.
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Table 6. Effect of feeding AV/HLP/16 herbal supplement on layer hen egg components during the four month 
feeding trial  

 
Egg Components 

Dietary Treatments1 

SEM 
P Value 

Control Diet 1 Diet 2 Diet 3 Diet Week Diet*Week 

Egg weight (g) 52.97b 52.26b 52.75b 54.38a 0.39 0.002 <.0001 0.758 
Yolk weight (g) 15.42ab 15.25b 15.16b 15.76a 0.13 0.009 <.0001 0.685 
Shell weight (g) 5.56b 5.54b 5.55b 5.79a 0.04 0.001 <.0001 0.812 
Albumen weight (g) 31.96ab 31.18b 31.74ab 32.54a 0.31 0.022 0.003 0.840 
Shell thickness 
(mm) 

36.36b 36.18b 36.76b 37.51a 0.23 0.0004 0.007 0.794 

Yolk index 0.46b 0.46b 0.47ab 0.48a 0.00 <.001 <.0001 0.265 
Yolk weight (%)  29.18 29.38 28.94 29.12 0.20 0.514 <.0001 0.909 
Shell weight (%) 10.54 10.55 10.59 10.74 0.08 0.280 <.0001 0.0002 
Albumen weight (%) 60.26 60.06 60.46 60.13 0.99 0.080 <.0001 0.726 
Yolk color 7.19b 7.58a 7.70a 7.66a 0.06 0.022 0.003 0.840 
Haugh Unit 84.88b 84.58b 85.85b 88.69a 0.73 0.0003 <.0001 0.187 
Albumen thickness 
(mm) 

6.97b 6.90b 7.15b 7.72a 0.34 <.0001 <.0001 0.226 

 

Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and soybean based Control (no 
added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
2 Yolk index is yolk height: yolk width. 
 a-b Means without superscripts within columns denote no statistical difference when p≤0.05. 
A biweekly assessment of egg characteristics was performed. 
n=12.
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Figure 23. Effect of AV/HLP/16 herbal supplement of layer hen yolk total lipids  

 
 
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
n=6. 
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Figure 24. Effect of hen age (month) on layer hen yolk total lipids  

 
 
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=6. 
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Table 7. Effect of AV/HLP/16 herbal supplementation on egg total fat, 
cholesterol, hen serum triglycerides, and liver total fat 

Dietary Treatments P-Value 

Variables Control Diet 1 Diet 2 Diet 3  

Egg total fat (%) 31.42 31.15 31.34 31.29 0.84 

 
Egg total 
cholesterol (mg/g 
yolk) 
 

11.23 10.87 10.86 10.75 0.34 

Hen serum 
triglyceride 
(mg/dl) 
 

1260 1225 1360 
 

1365 
 

 
0.42 

 

Hen liver total fat 
(%) 

7.93a 9.51a 4.69b 3.81b 0.001 

 
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=6. 
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Table 8. Effect of AV/HLP/16 herbal supplementation on egg yolk fatty acid 
content over the four month period of feeding trial  

Fatty acid (%) 
Dietary treatment

1

 
Pooled 

SEM 

p-values 

Control Diet 1 Diet 2 Diet 3 Diet Month 
Diet x 

Month 

16:0 25.21 24.27 24.88 24.56 0.42 0.42 0.21 0.21 

16:1 3.89
ab 

3.64
b 

3.64
b 

3.93
a 

0.09 0.03 <0.0001 0.29 

18:0 9.03
a 

8.78
a 

9.08
a 

8.20
b 

0.17 0.002 <0.0001 0.23 

18:1 39.98
b 

42.90
ab 

42.33
ab 

43.28
a 

0.99 0.09 0.18 0.12 

18:2 n-6 16.50
a 

15.39
b 

15.13
b 

15.43
b 

0.30 0.01 <0.0001 0.06 

18:3 n-3 0.46 0.50 0.51 0.52 0.03 0.29 <0.0001 <0.0001 

20:4 n-6 2.76
a 

2.57
a 

2.56
a 

2.35
b
 0.07 0.001 <0.0001 0.002 

22:4 n-6 0.11 0.10 0.11 0.09 0.01 0.56 <0.0001 0.18 

22:5 n-6 0.29
a 

0.22
b 

0.19
b 

0.19
b 

0.02 0.01 <0.0001 <0.0001 

22:6 n-3 1.15
a 

1.03
b 

0.98
b 

0.85
c 

0.03 <0.0001 <0.001 0.0003 

Total SFA 34.49 33.28 34.25 33.07 0.55 0.19 0.001 0.20 

Total MUFA 43.95
b 

46.61
ab 

46.04
ab 

47.30
a 

0.91 0.07 0.04 0.11 

Total n-6 FA 19.89
a 

18.43
b 

18.16
b 

18.19
b 

0.37 0.004 <0.0001 0.02 

Total n-3 FA 1.60
a 

1.53
a 

1.49
ab 

1.37
b 

0.04 0.01 <0.0001 <0.0001 

n-6:n-3 FA 14.54
a 

12.84
b 

12.36
b 

13.36
ab 

0.45 0.01 <0.0001 <0.0001 
 

1Fatty Acid levels determined from egg yolks collected at the end of the feeding 
trial.  
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
a-c Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n = 6. 
SEM = Standard error of the mean.  
FA= Fatty acids. 
Total SFA= total saturated fatty acids; Total MUFA = total monounsaturated fatty 
acids. 
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Figure 25. Effect of AV/HLP/16 herbal supplement on yolk lipid oxidation 
products measured as TBARS 

 
 
TBARS levels in the liver, measured in milligrams of MDA per gram of yolk 
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
TBARS= Thiobarbituric acid reactive substances. 
a-c Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=6. 
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Figure 26. Effect of AV/HLP/16 herbal supplement on layer hen liver oxidation 
products measured as TBARS 

 
 
TBARS levels in the liver, measured in milligrams of MDA per gram of tissue. 
Basal Diet (Home Grown™ Layer 16%, Country Acres Feed Company).Corn and 
soybean based Control (no added AV-HLP), Diet 1 (+ 0.1 AV-HLP), Diet 2 (+ 
0.15% AV-HLP) and Diet 3 (+ 0.2% AV-HLP) dietary treatments.    
TBARS= Thiobarbituric acid reactive substances. 
a-b Means with superscripts within columns denote statistical difference when 
p≤0.05. 
n=6. 
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8.3.1 Production Performance 

 Diet 3 had the highest egg mass (g/hen/day) compared to all other 

experimental diets (p=<0.001) (Figure 19). The overall hen day egg production 

differed between treatments groups with 78.8%, 76.2, 77.2 and 84.6 for Control, 

Diet 1, Diet 2 and Diet 3 treatment groups respectively (Figure 20). The overall 

egg production was significantly higher for layers in Diet 3 (p=0.004). No 

difference was found between Control, Diet 1 and Diet 2 on overall egg 

production (Figure 20). The average daily feed consumption was not significantly 

different between the four treatments (Figure 21). Diet 3 had a significantly lower 

FCR only when compared to the Diet 1 treatment (p=0.065) (Figure 22). The 

hens were of uniform body weight at the beginning of the study and there was no 

significant difference in the body weight at the end of the study. 

8.3.2 Egg Quality Characteristics 

 Many of the egg quality characteristics that were measured were found to 

be significantly different between treatment groups. The shell weight (g) and shell 

thickness (mm) were significantly higher for layers receiving the 2.0% herbal 

supplement compared to the three other treatment groups (p=0.001, 0.0004).  

However, shell weight as a percentage of the total egg weight did not differ 

between the treatment groups. Yolk color ranged from 7.19 for the Control diet 

and 7.70 for Diet 2. Yolk color was significantly different in eggs from hens fed 

Diet 1, Diet 2 and Diet 3 compared to the Control hens (p=0.022). Yolk weights 

(g) of eggs from Diet 3 were significantly higher than egg yolks of Diet 1 and Diet 
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2 but not significantly higher than the Control yolks (p=0.009). However, yolk 

weight as a percentage of the total egg weight did not significantly differ between 

the treatment groups. Albumen weight of the yolks from Diet 3 were significantly 

heavier than the Diet 1 yolks (p=0.0223). With respect to albumen weight as a 

percent of the total egg weight, there was no difference between any of the 

treatment groups. The yolk index of the Diet 3 eggs was significantly different 

from the Control and Diet 1 eggs, but not different from the Diet 2 eggs 

(p=<0.001). The Haugh units were highest for the Diet 3 eggs (p=0.0003). There 

was a significant difference in albumen thickness (mm) between diets. The birds 

that received 0.2% AV/HLP/16 supplementation had a significant increase in 

albumen thickness (mm) compared to the other three diets (p=<.0001). It is of 

value to note that there was a significant effect of hen age on every quality 

characteristic measured. There was no interaction between the week and diet for 

egg quality characteristics, except for shell weight percentage (Table 6).  

8.3.3 Total Lipid Content  

 Egg lipid content was analyzed at three different time points during the 

feeding trial (four weeks apart). The livers from the slaughtered birds were also 

saved and used for lipid analysis. The total egg yolk lipids were not affected by 

AV/HLP/16 herbal supplementation (Figure 23). However, the yolk total lipids 

was significantly higher at the beginning of the study when compared to the end 

of the feeding trial after four months (p=0.0003) (Figure 24).  
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 The percent of total lipids in the hen liver is shown in Table 7. The percent 

of total lipids in the livers of hens in the Control and Diet 1 treatments were 

significantly greater when compared to Diet 2 and Diet 3 (p=0.001). Egg total 

cholesterol (mg/g of yolk) and hen serum triglyceride (mg/dl) levels did not differ 

between treatment groups (Table 7).  

8.3.4 Fatty Acid Methyl Ester Determination in Egg  

 There were many significant changes to the yolk fatty acid profile across 

the four dietary treatment groups. The fatty acid profiles for the Control, Diet 1, 

Diet 2, and Diet 3 birds are shown in Table 8. Fatty acid 16:1 was highest in Diet 

3 and was significantly higher than Diet 1 and Diet 2 levels (p=0.03). The 18:0 

(stearic acid) levels for Diet 3 were significantly lower than all three other dietary 

treatments (p=0.002). The average 18:1 (oleic acid) levels in the yolk are 39.98, 

42.90, 42.33, and 43.28 for Control, Diet 1, Diet 2 and Diet 3, respectively 

(p=0.09). There was a trend for an increase in 18:1 levels with increased 

AV/HLP/16 supplementation in the diet (p=0.09). The18:2 n-6 (linoleic acid), 20:4 

n-6 (arachidonic acid) and 22:5 n-6 (docosapentaenoic acid) fatty acid levels 

were significantly reduced in hens fed herbal supplement compared to Control 

hens (p=0.01, 0.001, 0.01). There was a large spread between diets for the 22:6 

n-3 (docosahexaenoic acid) levels in the yolk. The average 22:6 n-3 levels in the 

yolk are 1.15, 1.03, 0.98, and 0.85 for Control, Diet 1, Diet 2 and Diet 3, 

respectively (p=<0.0001). The 22:6 n-3 levels were significantly lower in Diet 3 
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compared to the other three diets and the Diet 1 and Diet 2 levels of 22:6 n-3 

were significantly lower than the Control diet levels (p=<0.0001) (Table 8).  

 Total average pro-inflammatory omega-6 fatty acids were significantly 

lower for the diets receiving the AV/HLP/16 herbal supplement compared to the 

Control diet which did not contain the AV/HLP/16 (p=0.004). Total anti-

inflammatory omega-3 fatty acids were lowest in Diet 3 yolks and significantly 

lower than the Control and Diet 1 yolks (p=0.01). The ratio of omega 6 to omega 

3 fatty acids was largest for the Control yolks and was significantly different than 

the ratio for Diet 1and Diet 2 (p=0.01). MUFA levels were highest in Diet 3 and 

lowest in the Control diet and there was a trend for significance (p=0.07) (Table 

8).  

 With respect to diet, there was no difference in the 16:0 (palmitic acid), 

18:3 n-3 (α-linolenic acid) or the 22:4 n-6 (adrenic acid) levels between any of the 

four treatment groups. There was also no change in SFA levels between the 

dietary treatments (Table 8). Although there were many changes for individual 

fatty acids between the diets, the total lipids found in each treatment were not 

significantly different from one another (Table 7).  

 Almost every fatty acid, as well as the groupings mentioned above had a 

significant effect with respect to month. The only two fatty acids that did not have 

an effect of month were 16:0 and 18:1 (Table 8). There was an interaction 

between the month and diet for many of the individual fatty acids and groupings.  
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8.3.5 Thiobarbituric Acid Reactive Substances Analysis (TBARS) 

 Lipid oxidation levels of the yolk samples are shown in Figure 25. The 

average TBARS levels in the yolk are 7.90 mg/g, 7.45, 9.05 and 8.24 for Control, 

Diet 1, Diet 2 and Diet 3, respectively (p=0.0003). The level of MDA (mg/g) 

measured in the yolk samples from Diet 1 was significantly lower than the MDA 

levels in Diet 2 and Diet 3 yolks but not significantly different than the Control 

yolks. Diet 2 yolks had the highest level of oxidation and were significantly 

different than all other treatment groups (p=0.0003) (Figure 25). 

 Lipid oxidation products measured as TBARS for the liver samples from 

the four treatment groups are shown in Figure 26. The average TBARS levels in 

the liver are 5.89 mg/g, 6.71, 5.23 and 6.95 for Control, Diet 1, Diet 2 and Diet 3, 

respectively. Diet 3 and Diet 1 liver samples had the highest levels of MDA 

(mg/g) in the tissue and there was a trend for significance (p=0.051) (Figure 26). 
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8.4 Discussion 

8.4.1 Production Performance 

 This study shows that AV/HLP/16 supplementation has a positive effect on 

production parameters such as egg mass, total egg production and FCR without 

adversely affecting feed intake or body weight. Supplementation at 0.2% of the 

diet had a significant increase in egg mass and total eggs laid compared to the 

other three diets, and a significantly better FCR compared to the Diet 1 birds.   

 Many studies concerning hen performance and egg quality have been 

performed using garlic as a natural supplement. Olobatoke and Mulugeta (2011) 

found no change in body weight (BW) or FCR when supplementing at a 3% level 

(30 kg).  Although AV/HLP/16 is a blend of different ingredients, it too was found 

to have no effect on BW or FCR when compared to the Control diet. Khan et. al., 

(2007) found a similar increase in the egg production of hens supplemented with 

garlic. In contrast, Ghasemi et. al., (2010) found no difference in egg production, 

FCR, or egg mass for hens receiving 0.1% and 0.2% garlic and thyme 

supplementation. Garlic is one of the ingredients in the blend that makes up 

AV/HLP/16. The previously understood antimicrobial and antioxidant properties 

of garlic provide a possible mechanism of action to explain the AV/HLP/16 

supplementation outcomes.  

 The potential for a prebiotic effect from the herbal supplement could 

explain the increase in layer production performance. Although cecal populations 

were not analyzed in the layers, a more beneficial GIT microbial population could 
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promote a reduction in immune response triggers from pathogens, and mitigate 

negative impacts of nutrient siphoning thus allowing for better absorption of 

nutrients (Yegani and Korver, 2008; Wati et. al., 2015). These nutrients could 

then be used for production (e.g. FCR, egg mass, and egg quality).   

 It is important to note that the current study, like the broiler study, was 

conducted in the clean hygienic conditions of a university farm. The herbal 

supplement may have a more positive impact on a commercial farm where birds 

are exposed to common challenges (e.g. stress, disease, and crowding). 

8.4.2 Egg Quality Performance 

 The current study shows that 0.2% AV/HLP/16 supplementation has a 

beneficial effect on egg quality aspects such as shell thickness, Haugh units, and 

albumen thickness without negatively impacting other egg quality characteristics. 

 Olobatoke and Mulugeta (2011) evaluated the egg quality from hens 

receiving 3% and 5% garlic supplementation. Similar to the current study they 

found an increase in the albumen height and Haugh units for 3% 

supplementation compared to the control treatment. As the Haugh unit is used to 

determine grade and freshness, the significant increase in this egg quality value 

would be an economical advantage to producers and consumers. Ghasemi et. 

al., (2010) did not find a change in Haugh units with 0.1% and 0.2% thyme and 

garlic supplementation. Although Olobatoke and Mulugeta (2011) found a linear 

increase in egg weight and the current study did not, they both observed a 

significant difference between the control egg weight and the largest 
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supplementation level treatment egg weight (5% and 0.2%). In contrast, Khan et. 

al., (2007) did not find a difference in egg weight between garlic supplemented 

(2%, 6% and 8%) and control birds. The discrepancies in these results could be 

due to factors such as hen age, strain, conditions of management as well 

ingredient composition of the diet. 

 Unlike Olobatoke and Mulugeta (2011), and Ghasemi et. al., (2010) which 

found no change in shell thickness, the current study did find an increase in the 

shell thickness for the Diet 3 eggs. Shell thickness is important economically as 

stronger shells can hold up better against transport and packing (Ketta and 

Tůmová, 2016). Fewer cartons containing a broken egg translate to fewer 

cartons being unwanted by consumers. Similar to the current study Ghasemi et. 

al., (2010) found an increase in yolk color with herbal supplementation.   

8.4.3 Lipid Parameter and Lipid Stability Performance   

 This study shows that 0.2% AV/HLP/16 supplementation decreases the 

liver total fat but does not adversely affect the total lipids of the yolk, the TBARS 

of the yolk and the liver, the yolk cholesterol or the serum triglycerides when 

compared to the Control diet. 

 The reduction of lipid content in the liver could be due to a decrease in 

hepatogenic lipogenesis, an increase oxidation for energy or distribution to extra 

hepatic tissues. 

 Palmitic fatty acid (16:0) levels were relatively similar for Control, Diet 1, 

Diet 2 and Diet 3. To get to the 16:1, 18:0 and 18:1 fatty acids from 16:0, 
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elongases and desaturases are needed (Guillou, et. al., 2010). Elongases and 

desaturases were possibly affected by AV/HLP/16 supplementation, 

demonstrated by the significant differences between the 16:1, 18:0 and 18:1 fatty 

acid levels.  

  Differences in the fatty acids between dietary treatments, while not 

different overall, were found within individual fatty acids. Omega-6 linoleic acid 

was reduced in all the herbal supplemented treatments compared to the Control 

diet but arachidonic acid was only significantly reduced in Diet 3 birds. There are 

many desaturation and elongation steps in the conversion of unsaturated fatty 

acids to long chain PUFA’s (Bézard et. al., 1994). The downregulation of Δ6 

and/or Δ5 desaturase are possible explanations for the reduction of arachidonic 

acid found in the yolk of Diet 3 birds. Competitive exclusion of Δ6 desaturase 

between 18:2 n-6 and 18:3 n-3 could also have occurred resulting in a lowered 

amount of 20:4 n-6.  From 20:4 n-6 to 22:4 n-6 and 22:5 n-6 (docosapentaenoic 

acid) fatty acid upregulation of elongation between 20:4 n-6 and 22:4 n-6 for Diet 

3 and downregulation of Δ-4 desaturase for all herbal supplemented treatments 

could have occurred. Conversion of α-linolenic acid levels to docosahexaenoic 

due to a down regulation of a number of desaturases or elongases, or a 

decrease of retroconversion from 22:5 n-6 are possible explanations for the 

reduction of docosahexaenoic acid in the Diet 3 birds (Bézard et. al., 1994). 

Knowing the process of PUFA synthesis, a number of desaturases could possibly 

have been affected by the supplementation. Changes in fatty acid composition 
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discussed above would account for the difference in n-6:n-3 ratios as well as the 

total n-6 and n-3 levels. Many of the PUFA’s were reduced as the 

supplementation level in the diet increased. PUFA’s are known for their role in 

prevention of poor health conditions, as they possess capability anti-inflammatory 

(Calder, 2004). 

 Garlic has been shown to have hypocholesterolemic effects on the egg 

yolk (Khan et. al., 2007). However, these significant results were not found in the 

egg cholesterol content in the current study. This could be due to the low level of 

supplementation or that garlic is just one of the main ingredients in the 

AV/HLP/16 supplement. With a higher level of supplementation, it is quite 

possible that a significant difference could be found. Serum triglycerides were 

also not significantly altered by the herbal supplement. In agreement, Ghasemi 

et. al., (2010) did not find a significant difference in serum triglycerides between 

their control and herbal supplemented groups.  

 Oxidation susceptibility expressed as TBARS varied between the yolks of 

all four dietary treatments but the total yolk lipids did not. There were fewer 

PUFA’s in the treatments receiving AV/HLP/16 and all three of these diets had 

significantly different levels of oxidation when compared to one another. However 

only Diet 2 differed in oxidation level compared to Control. The total amount of 

PUFA in the yolk is a potential explanation for part of amount of oxidation 

occurring in the yolk as PUFA’s are readily susceptible to oxidation. Antioxidant 

capabilities of the herbal supplement could also explain differences in the TBARS 
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values. Antioxidants promote reduced hydroxyl peroxide formation and can 

reduce the amount of lipid oxidation (Gheisar et. al., 2015). Liver lipids varied 

significantly between treatments, with Control and Diet 1 as the highest and this 

partly was reflected in the TBARS. However, the reason for the high level of 

TBARS in Diet 3 is not known. Probably a detailed fatty acid determination may 

help to answer this.  

 In conclusion, supplementation of AV/HLP/16 at a level of 0.2% had a 

beneficial effect on production performance and egg quality characteristics 

without negatively impacting the total lipids of the yolk and liver, TBARS of the 

yolk, cholesterol of the yolk and hen serum triglyceride levels when compared to 

the Control treatment. With beneficial impacts on production numbers and 

valuable egg quality characteristics, (e.g. egg mass and Haugh units) 

supplementation of AV/HLP/16 at 0.2% of the diet has the potential to positively 

affect poultry production both economically and environmentally.  
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9 CONCLUSION AND FUTURE STUDIES 

 In conclusion, this thesis provided evidence that the use of Superliv® 

Concentrate Premix and AV/HLP/16, more natural alternative functional feed 

ingredients, were beneficial to broiler and layer birds in various capacities. Herbal 

supplementation in the broilers was effective at promoting increased proportions 

of the beneficial bacteria Lactobacillus, which has been found to impact growth 

and promote better disease resistance, but supplementation did not significantly 

altering the Salmonella or Bifidobacterium proportions. These beneficial microbial 

population results were found without detrimental changes to bird production 

performance. Reduction of energy at the 2.5% level was promising as it did not 

negatively affect the overall FCR or significantly impact the total body weight. 

These finding highlight the possibility and feasibility for economic gains with 

lower energy broiler diets. While more individual aspects of total lipids, nutrient 

retention and fecal dry matter were altered by energy level, the 2.5% Low Energy 

diet was still able to produce sizable and efficient birds.   

 AV/HLP/16 herbal supplementation at a level of 0.2% of the total diet in 

the layers was effective at producing more eggs and larger eggs with better FCR, 

all without negatively affecting the yolk lipid stability or overall fatty acid 

composition. Thus overall, Superliv® Concentrate Premix and AV/HLP/16 herbal 

are strong prospects for more natural alternatives to the AGPs that are being 

used currently in broiler and layer diets and rapidly losing popularity among 

consumers. 
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 It is important to note that for both the layer and broiler studies birds were 

kept in a clean environment with lower than customary stocking densities. Thus 

normal stresses and conditions that occur in a commercial type setting may have 

been absent. The effects of the herbal supplement (layer and broiler study) and 

the reduced energy level (broiler study) may not have been as great as healthy 

and unstressed birds do not respond to growth promoters in the same capacity 

(Shargh et. al., 2012). Thus another study with more commercial type conditions 

would be valuable to see the possible full potential of Superliv® Concentrate 

Premix and AV/HLP/16 supplements. Knowing previous broiler study results, it 

would also be of value to redo the broiler experiment with different levels of 

supplementation, similar to the layer hen experiment, to confirm the best 

supplementation level. From there, a study comparing the leading AGP and 

Superliv® Concentrate Premix would better evaluate the efficacy of the more 

natural product.  

 It would also be valuable to do another layer study to analyze the cecal 

populations of Lactobacillus, Bifidobacterium and Salmonella. Exposure to 

disease would also be valuable so to see how production performance and cecal 

populations would be affected.  

 One more interesting follow up study would be to perform the experiments 

again with a focus on meat/egg economics. Measuring the cost of inputs (e.g. 

feed and supplements) and the return from the products would help to better 
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understand the economic impact of a reduction of feed or an input of Superliv® 

Concentrate Premix and AV/HLP/16 supplements.  
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