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ABSTRACT 

 
Medicinal spices like ginger contain chemical substances that could be used to enhance the 

value of food of animal origin and these substances are responsible for some other health 

benefits. This study investigated the effect of ginger on the performance, carcass yield, 

organoleptic quality, egg quality, muscle ether extract content, yolk cholesterol and serum 

lipid profile  of broilers and layers using one hundred and eight (108) day old broilers and 

seventy two (72) laying hens in a 56 and 49 day feeding trials, respectively. Three 

experimental diets for starting, finishing broilers and laying chickens were formulated such 

that the diets contained 0%, 0.5% and 1% of air dry and milled ginger. The diets were 

randomly assigned to three groups of 36 and 24 birds each replicated 3 times to give 12 

broilers and 8 layers respectively, in a complete randomized design. Result showed no 

significant differences in feed intake and FCR among the treatment groups (P > 0.05) in both 

broiler and layer studies. There were significant reductions in final live weights of starter 

broilers and layers (P < 0.05). Diet related differences in final live weight of finisher broilers 

were not significant (P > 0.05). Dietary treatments had no effect (P > 0.05) on meat 

organoleptic quality, carcass and organ weights with the exception of the neck and heart. 

Result showed that dietary inclusion of ginger led to significant decrease in serum high 

density lipoprotein (HDL) in layers, but increased percentage albumen content in eggs (P < 

0.05). Generally egg weight slightly increased with dietary ginger inclusion, whereas egg 

laying rate was similar across the various dietary treatments. Results indicated that inclusion 

of air-dried ginger at 0.5% and 1.0% levels depressed live weight gain in starter broilers and 

layers, but not in finisher broilers. Inclusion of ginger in layer diets apparently resulted to 

increased egg size and percentage albumen content, but reduced yolk size. 

Keywords: Ginger, broiler, layer, egg quality, cholesterol, lipid profile.   
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background Information 
 Livestock - A Means to Achievement of Food Security and Sustainable Development. 

Challenges of food insecurity and hunger worldwide and in particularly developing countries 

like Nigeria continue to receive attention of stakeholders and governments (Emaikwu et al., 

2011; FAO, 2003). Consequently, several conferences and world food summits on human 

nutrition have brought to the fore issues of eradication of poverty and hunger. FAO (1995) 

noted that the most critical challenge in the global food basket crisis is inadequacy of animal 

protein. 

Livestock production constitutes a very important component of the agricultural economy of 

developing countries, a contribution that goes beyond direct food production to include 

multipurpose uses, such as skins, fibre, fertilizer and fuel, as well as capital accumulation. 

Furthermore, livestock are closely linked to the social and cultural lives of several million 

resource-poor farmers for whom animal ownership ensures varying degrees of sustainable 

farming and economic stability. 

 Although food availability has increased along with the growing human population over the 

last 30 years, there are still 800 million people suffering from malnutrition globally (FAO, 

1993). This problem is not only the result of insufficient food production and inadequate 

distribution, but also of the financial inability of the poor to purchase food of reasonable 

quality in adequate quantities to satisfy their needs.  

Human and livestock populations have both grown considerably over the last three decades, 

although at different rates (Table 1). The major differences are found between developed and 
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developing countries. Since 1960, the total human population has increased by 75 percent, 

but developing-country populations have grown by 97 percent, compared with 28 percent in 

the industrialized world. All categories of livestock have increased in number as well, with a 

much greater increase for monogastric animals (pigs and poultry) than for ruminants. 

Ruminant populations have grown at about half the rate of the human population, while small 

ruminant populations (sheep and goats) have only increased in developing countries. The pig 

and poultry populations, however, have grown about one-and-a-half to two times that of the 

human population, and are three to four times greater in developing countries than they are in 

developed countries.  

Poultry production, an aspect of livestock production, is important to the biological, 

economic and social developments of the people in any nation (Oladeebo & Ambe-Lamidi, 

2007). The development of poultry industry has alone been described as the fastest means of 

bridging the protein deficiency gap prevailing in most of the developing countries. 

However, the contribution of poultry production (meat and eggs) to total livestock output 

increased from 26% in 1995 to 27% in 1999 with an increase in egg production alone 

accounting for about 13% during the period (Ojo, 2003). 
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Table 1: Population Statistics, 1960 and 1990 (millions) 

 

                                           Humans           Large             Small          Pigs  Poultry 
                       ruminants      ruminants  
           1960 1990     1960 1990     1960 1990       1960 1990    1960 1990  

 

World        3074 5389     1035 1434      1365 1808       406    856    3922 10770 

Developed countries        977   1251      343   404       573    591        235    341    2274  4465 

Developing countries     2097 4138     692 1029   792   1217   171 515    1648  6305 

Increase in developing     +97   +48  +53           +200         +280 
countries (%)  
 

Source: FAO AGROSTAT, 1992.  
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Nutrition is the most expensive factor in poultry production taking approximately 70% of 

production budgets (Agbakoba et al., 1995; Mmadubuike & Ekenyem, 2001). Therefore to 

reduce the cost of production, improvement in the feed efficiency would be a feasible option. 

The use of feed additives as growth promoters in poultry nutrition is one of the ways to 

accomplish this goal. Growth promoters are commonly used to stimulate growth and protect 

the health of poultry (Adams, 1999). Among growth promoters, the most commonly used are 

antibiotics. However, their use is restricted due to possible development of drug resistance in 

bacteria, drug residue in carcass and also alteration of natural gut micro flora (Botsoglou et 

al., 2002). Many countries tend to minimize or prohibit the use of antibiotics because of their 

deleterious side effects on both animals and humans. 

Ginger a natural growth promoter can be a potential alternative to artificial growth promoters 

like antibiotics (Demir et al., 2003). Ginger is a rhizome of the plant Zingiber officinale 

consumed as a delicacy, medicine or spice. Preliminary research indicates that nine 

compounds found in ginger may bind to serotonin receptor which may influence gastro 

intestinal functions (Botsogloue et al., 2002). Research conducted in vitro showed that ginger 

extract might control the quantity of free radicals and the peroxidation of lipids  

(Al- Almin et al., 2006). Ginger has been reported to enhance animal nutrient digestion and 

absorption because of the positive effect on gastric secretion, enterokinesia and digestive 

enzyme activities (Platel & Srinivasan, 2000). Chrubasik et al. (2005) was of the opinion that 

the preparation method of ginger product affected its clinical efficacy which will affect 

performance, antioxidant status, and serum metabolites of the animal. 
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1.2 Problem Statement 

Despite the acknowledged importance of poultry, Akanni (2007) observed that it is 

characterized by low production levels due to limited finance for the procurement of poultry 

equipment and material, high cost of feed and low demand for products. Consumption of 

animal protein has been criticized due to significant contribution of saturated fat in human 

diet. Intake of saturated fatty acids has a direct relationship with the incidence of 

cardiovascular disease (Norum, 1992). Food that contain high saturated fatty acids and 

cholesterol are risk factors to the incidence of cardiovascular diseases  (Grundy, 1986, John 

et al., 2009), diabetes (Vilegas et al., 2004) and colon cancer in human                     

(MCkeown-Eyssen & Bright – See, 1984; Willet et al ., 1990; Boyd et al., 2003). 

1.3 Objectives 

This research was designed: 

 To investigate the effect of different levels of inclusion of ginger on egg production 

and quality. 

 To investigate the growth rate and meat quality of broiler fed diets supplemented with 

ginger. 

1.4. Justification 

The search for natural feed additives which have no adverse effect especially in monogastric 

animals continues to attract the attention of researchers, especially in developing countries, 

due to increased demand for poultry products and the growing appreciation for low fat 

poultry products by consumers. 
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From l990s, consumers began to view food not only as a means to satisfy hunger, prevent 

diet-deficiency diseases or to provide essential nutrition (e.g., water, protein, carbohydrate, 

fat, vitamins and minerals), but also as an important vehicle to provide good health (Hasler, 

2000). Research on lowering cholesterol and triacylglycerol content in poultry products using 

locally available plants such as ginger would be an important undertaking. Poultry meat with 

low fat and cholesterol contents will attract high demand from the consuming citizenry. 

1.5 Scope of Study  

The feeding trial was carried out in a commercial farm in Aba, Abia State, Nigeria. 

Slaughtering, carcass analyses and determination of muscle lipid content were carried out in 

the University farm and in the Department of Animal Science and Technology Laboratory 

whereas serum analyses were performed in Physiology Laboratory of the Veterinary 

Medicine, Micheal Okpara University of Agriculture, Umudike using the assistance of 

Laboratory Technologists. The feeding trial and laboratory analyses were concluded within 

six months. 

 

 

 

 

 

 



 7

CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1. Overview of Phytogenic Feed Additives 

Feed additives are products used in animal nutrition for purposes of improving the quality of 

feed and the quality of food from animal origin or to improve the animal’s performance and 

health (Hashemi & Davoodi, 2010). Phytogenics are a group of natural growth promoters or 

non-antibiotic growth promoters, derived from herbs, spices or other plants ((Hashemi & 

Davoodi, 2010). Some herbs have been reported to possess antimicrobial, antioxidative, anti-

inflammatory and immuno-modulatory properties (Sofowora, 1993). They are strongly being 

considered as addition to the set of non antibiotic growth promoters, such as organic acids 

and probiotics which are already well established in animal nutrition (Windisch et al., 2007). 

Usefulness of phytogenics lies in some chemical substances that produce definite 

physiological actions in the body of the animals (Oko & Agiang, 2009). The most important 

bioactive constituents include alkaloids, tannins, flavonoids, saponins and phenolic 

compounds. Compared with synthetic antibiotics or inorganic chemicals, these plant-derived 

products have proven to be natural, less toxic, residue free and are thought to be ideal feed 

additives in food animal production (Hashemi et al., 2008).  

Some of these useful herbs and spices are indigenous to Africa and include ginger (Zingiber 

officinale), garlic (Allium sativium), scent leaf (Ocimum gratissimum), and bitter leaf 

(Vernomnia amygdalia). They have been reported to enhance the performance of livestock 

and poultry (Muhammad et al., 2009).  
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2.2. Major Mechanisms by which Phytogenics Exert Positive Effects on 
       the Growth Performance and Health of Animals 

2.2.1. Antioxidant Action 

An antioxidant is any substance that when present at low concentration compared to those of 

an oxidizable substrate significantly delays or prevents oxidation of that substrate (Aruoma et 

al., 1997; Imark et al., 2000). It plays a role in the neutralization of free radicals and 

oxidative stress. The free radical production is balanced by the antioxidative defense system 

of the body (Shyur et al., 2005). Alteration between reactive oxygen species (ROS) 

generation and its neutralization by antioxidant defense cause oxidative stress (Ceriello et al., 

2001; Brownlee, 2005). While antioxidants are associated primarily with inhibition of lipid 

peroxidation, free radicals can also cause damages in other components. Thus, oxidizable 

substrates include almost everything found in feeds and in living tissues such as protein, 

lipids, carbohydrates and DNA (Eskin & Robinson, 2000). In feed, antioxidants are often 

added to delay the onset or slow the development of rancidity due to lipid oxidation (Imark, 

et al., 2000). In addition to losses in essential fatty acids due to lipid oxidation, free radicals 

also cause the destruction of vitamins A, D and E, pigmenters and amino acids with resultant 

lowered biological value (Harris, 1970; Talbot, 2004). 

The antioxidant property of many phytogenic compounds can contribute to protection of feed 

lipids from oxidative damage. Among a variety of plants bearing antioxidative constituents, 

the volatile oils from the Labiatae family (Mint plants) have been attracting the greatest 

interest. Their antioxidative activity arises from phenolic terpenes, such as rosmarinic acid 

and rosmarol (Cuppett & Hall, 1998; Windisch et al., 2007). Other Labiatae species with 

significant antioxidative properties are thyme and oregano. Other plant species like ginger, 

scent leaf, garlic and Monodora myristica as well as other plants rich in flavonoids have been 

described as exerting antioxidative properties (Nakatani, 2001; Nwachukwu, 2009). 
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Aruoma et al. (1997) indicated an increasing peroxidation inhibition with increasing 

concentration of ginger and garlic extracts. An implication of the peroxidation inhibition 

action of herbs, spices and their products in livestock feeds may be in improving feed intake 

and weight gain by preventing problems of reduced palatability and metabolizable energy 

associated with the chemical process of peroxidation or rancidity. Other ways of 

investigating the antioxidant activity of a potential antioxidant include assessing its chelating 

ability (Decker & Welch, 1990), scavenging effect (Muller, 1995; Nagai et al., 2001) and 

reducing power (Onyaizu, 1986) and comparing it with a standard antioxidant (Odoemelam, 

et al., 2013). 

 

2.2.2 Anti Microbial Action 

Herbs and spices are well known to exert antimicrobial actions against important pathogens, 

including fungi (Adam et al., 1998; Smith-palmer et al., 1998; Junaid et al., 2006). The 

active substances are largely the same responsible for antioxidative properties with phenolic 

compounds being the principal active component (Burts, 2004). The antimicrobial mode of 

action is considered to arise mainly from the potential of the hydrophobic essential oils in 

these plants to intrude into the bacterial cell membrane, disintegrate membrane structures and 

cause ion leakage (Lee et al., 2004; Windisch et al., 2007). High anti-bacterial activities have 

also been observed in a variety of non-phenolic substances e.g. Limonene and compounds 

from Black pepper and nutmeg (Newton et al., 2002).  

Studies with broilers demonstrated in vivo antimicrobial efficacy of essential oils from plants 

against Escherichia coli and Clostridium perfringens (Jamoz et al., 2003: Mitsch et al., 

2004). Evans et al. (2001) investigated the effect of a mixture of essential oils from clove 

(1.0%) thyme (0.1%), peppermint (0.1%) and lemon (0.1%) on Coccidia oocytes output and 

the number of Clostridium perfringens in broilers chicks when artificially inoculated. They 
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observed that chicks fed the diets containing the essential oil blend showed a reduced oocyte 

excretion compared to those fed the non-supplemented diet. 

It would be expected that the intake of herbs and spices or their products affect the gastro 

intestinal micro flora composition and population and consequently control potential 

pathogens (Roth & Kirchgessner, 1998). As a result of this more stabilized intestinal health, 

animals are less exposed to microbial toxins and other undesired microbial metabolites such 

as ammonia and biogenic amines (Eckel et al., 1992). They are also relatively relieved from 

immune defense stress during critical situations. This is in addition to increased availability 

of essential nutrients for absorption, thereby helping the animals to grow better within the 

framework of their genetic potential. Muhammed et al. (2009) reported that administration of 

a mixture of plant extract (Zingiber officinale,Carum apticum, Withania somnifera, 

Trigonella foenum-Graecum, Silybum marianum, Allium sativum and Berberis lyceum) 

resulted in improved performance and carcass quality of broiler chicks associated with 

increasing levels of the extracts. 

 

2.2.3. Impact on Palatability, Gut Function and Digestion 

There are suggestions that spices and herbs can positively affect food digestion (Mellor, 

2000; Pradeep et al., 1991). A wide range of spices, herbs and their extracts are known from 

medicine to exert beneficial actions within the digestive tract, such as laxative acid 

spasmolytic effects and prevention of flatulence (Chrubasik et al., 2005). Studies have 

reported the effect of spices or their active components on bile salt secretion (Bhat et al., 

1984; Sambaiah & Srinivasan, 1991). Platel & Srinivasan (2004) reported that stimulation of 

digestive secretions e.g. saliva, bile and mucus and enhanced enzyme activity are their core 

mode of nutritional action. In vitro activities of rat pancreative lipase and amylase were 

shown to be significantly enhanced when brought into contact with various spices and spice 
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extracts (Rao et al., 2003). Similarly, essential oils used as feed additives for broilers were 

shown to enhance the activities of trypsin and amylase (Lee et al., 2004; Jang et al., 2004). 

They were also reported to stimulate intestinal secretion of mucus in broilers an effect that 

was assumed to impair adhesion of pathogens and thus stabilizing the microbial eubiosis in 

the gut of the animals (Jamroz et al., 2006). On the other hand Kreydiyyeh et al. (2000) 

observed that cinnamaldehyde and eugenol, main components of clove essential oils, when 

fed at high concentrations significantly impaired the absorption of alanine by rat jejenum. 

They postulated that these materials inhibited the activity of Na+- K+- ATPase located in the 

enterocyte and consequently impaired transport processes in the intestine. Herbs and spices 

or their products are often indicated to improve the flavor and palatability of feed, thus 

helping the animal to achieve a better performance. Experiments validating these claims are 

quite limited. Dose-related depressions of palatability in pigs fed essential oils from fennel 

and caraway as well as thyme and oregano have been reported (Jugl-chizzolla et al., 2006; 

Windisch et al., 2007). On the other hand, there are numerous reports on improved feed 

intake through the use of phytogenic feed additives in swine (Yen et al., 2011; Windisch et 

al., 2007). The specific effects of flavors on chicken’s performance have not received much 

attention possibly because poultry may not acutely respond to flavor when compared to pigs 

(Moran, 1982).  

 

2.2.4. Effect on Methane Emission in Ruminants 

Ruminant producers are seeking to identify and promote good management practices that 

reduce production of atmospheric greenhouse gases, particularly those that reduce methane 

emission from enteric fermentation (Beauchemin & McGinn, 2006). Although, methane does 

not exist in the same quantity as carbon dioxide, it is more than 20 times more powerful in 

terms of contributing to the greenhouse effect (Kavanagh, 2010). Through belching a single 
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sheep emits about 0.7 ft3 of methane per day. Cows are much more an ecological nuisance; 

each belching emits nearly 18 ft3 of methane into the air per day (Kavanagh, 2010). Also, 

reducing methane production can be of direct economic benefit because it coincides with 

greater energy-use efficiency of the feed by the animal. Energy lost as methane from cattle 

for instance ranges from 2 - 12% of gross energy intake (Johnson & Johnson, 1995). Dean 

and Ritchie (1987) have suggested that plant essential oils and spice extracts contain 

antimicrobial properties that may inhibit methanogenesis by affecting ruminal bacteria. There 

are some in vitro studies showing inhibitory effects of spices and herbs, essential oil mixtures 

or extracts derived from herbs on methanogenesis (Tatsouka et al., 2008; Agarwal et al., 

2009). Juniper berry essential oil and cinnamon oil (Chaves et al., 2008) and peppermint oil 

(Tatsouka et al., 2008) has shown to have strong inhibitory effect on methanogenesis. The 

active component of cinnamon oil i.e. cinnamaldehyde caused a depression of methane 

production to the extent of 94% at 5 mM (Macheboeuf, et al., 2008). In vivo study by 

Beauchemin & McGinn (2006) indicated that adding canola oil to the diet of cattle decreased 

total daily methane emissions by 32% and tended to decrease methane emissions as a 

percentage of gross energy intakes by 21%. However, this was also associated with 

decreased feed intake. Wang et al. (2009) showed in an in vivo study that inclusion of 0.25g 

day-1 of essential oil from oregano plants in the diet of sheep for 15 days lowered methane 

production. Chaudhry (2010) showed that the spices: coriander, turmeric, cumin, clove and 

cinnamon act as natural antibiotics, killing methane-producing bacteria, while allowing less 

harmful bacteria to act in their place. In a test at Newcastle University involving the five 

curry spices, it was discovered that ground up coriander added to an in-vitro solution 

mirroring that found in the stomach of sheep and cows caused a 40% reduction in methane 

production. 
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2. 3. Chemical and Bioactive Components of Ginger  

Ginger is one of the most widely used spices in the world. Pungency is an important sensory 

character of ginger and is attributed to the presence of gingerol compounds and their 

decomposition product, zingerone, and the dehydration products, shogaols (Wu, 2007). It can 

also be used in the pharmaceutical industry because they contain active compounds that have 

effects on certain physiological processes (Onyenekwe, 2000; Shukla & Singh, 2006; Park & 

Pizzuto, 2002; Nakatani et al., 2001). The components in ginger include: extractable 

oleoresins, many fats, carbohydrates, vitamins, minerals and a potent proteolytic enzyme 

called zingibain (Shukla & Singh, 2006). Oleoresins contribute to the sensory perception of 

ginger (Shukla & Singh, 2006). There are 5-8% of oleoresins in crude ginger, which consist 

of two distinct groups of chemicals, volatile oils and non-volatile pungent compounds 

(Chrubasik et al., 2005; Shukla & Singh, 2006).  

More than 66 compounds have been identified in ginger volatile oil. They include 

zingeberene, curcumene and farnesene, β-sesquiphelandrene, bisabolene, 1, 8-cineole, 

linalool, borneol, nerol, geraniol, camphen, limonen, myrcen, β-phellandren, α-pinen, 

citronellol, geranial, neral, etc (Chrubasik et al., 2005; Shukla & Singh, 2006). Many of these 

constituents contribute to the distinct aroma and taste of ginger (Shukla & Singh,      2006). 

Non-volatile pungent compounds of ginger consist mainly of gingerols, shogaols, paradols 

and zingerone. These pungent principles produce a “hot” sensation in the mouth     Ginger 

has been used as a medicine in Asian countries since ancient times (Altman & Marcussen, 

2001; Nakatani & Kikuzaki, 2001). It has been used to cure cold, inflammation, 

gastrointestinal discomfort, rheumatic disorder, neuralgia and motion sickness (Park et al., 

2006; Kim et al., 2005; Wei et al., 2005). Many bioactive compounds have been found in 

ginger, such as gingerols, shogaols and paradols (Figure 2.1). Gingerols, especially 6-
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gingerol have been of intense interest because of their biological properties. It has been 

shown that 6-gingerol has antioxidant activity and anti-inflammation activity (Kuo et al., 

1999; Ippoushi, 2003; Reddy and Lokesh, 1992; Krishnakantha & Lokesh, 1993; Young et 

al., 2005). 6-gingerol was also found to have anti-tumor activities which are related to 

cytotoxic and antiproliferative effects and inhibit angiogenesis in vitro and in vivo (Lee & 

Surh, 1998; Keum et al., 2002; Kim et al., 2005). 6-paradol is also known to have anti-tumor 

effects, antioxidative activity and anti-inflammation activities (Lee & Surh, 1998; Keum et 

al., 2002, Chung et al., 2001; Surh et al., 1999). While 6-shogaol has shown to exhibit 

antioxidative activity and cytotoxic activity (Zaeoung et al., 2005), its biological activities 

are far from completely studied.                                                                                                  

2.4. Potential Benefit of Ginger in Poultry 

2.4.1. Effect of Ginger on Feed Intake and Efficiency 

Opinion in the literature is divided regarding the influence of ginger on feed intake. Tekeli et al. 

(2011) reported that 240 ppm of Z. officinale had a positive effect on feed consumption with 

respect to negative control broilers.  Zomrawi et al. (2013) observed that feeding ginger at 

different levels (0%, 1%, 1.5% and 2%) had effect on feed intake with a significant decrease on 

broilers fed 1.5% and 2% ginger root powder. Zomrawi et al. (2012) indicated a significant 

decrease in feed intake on broilers fed 0.5% ginger root powder compared to 0%, 1% and 1.5% 

ginger root powder while   Nasiroleslami & Torki (2010) showed that the addition of the 

essential oil of ginger did not affect feed intake or feed conversion in laying hens.                                                                           
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Figure 2.1. Chemical structures of active ingredients of Ginger. 
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Zhang et al. (2009) did not find any significant difference in daily feed intake by feeding 

ginger at the rate of 5 g/kg when processed to different particle sizes (300, 149, 74, 37, and 

8.4 µm) although numerically the feed intake was higher than the control. Zhao et al. (2011) 

found that daily feed intake and feed conversion ratio (FCR) did not differ between laying 

hens fed ginger in the diet (5,10, 15 and 20 g/kg) and Akbarian et al. (2011) found that 

feeding ginger at different levels (0.25, 0.5 and 0.75%) had no effect on feed intake and FCR 

in laying hens. Incharoen & Yamauchi (2009) fed dried fermented ginger (1 and 5%) to 

White Leghorn laying hens and found that feed consumption and FCR tended to increase in 

ginger fed groups. Likewise, the use of 2% red ginger in the ration of broiler chickens has 

resulted in higher feed intakes and FCRs (Herawati, 2010). Onu (2010) reported that the 

addition of ginger (0.25%) in the basal diet of broiler chicks resulted in improved FCR 

although feed intake did not change. 

In some cases ginger has been applied via drinking water in poultry. Javed et al. (2009) 

reported that broiler chicks dosed with aqueous extract (15 ml/l of drinking) of a mixture of 

plants containing ginger improved feed intake and FCR. However, Kausar et al. (1999) 

showed that a carminative mixture containing ginger at the dose rate of 2 and 4 ml/l of 

drinking water increased FCR. 

Some researchers have combined plant products including ginger, in trials. Moorthy et al. 

(2009) found that feed intake did not differ at six week of age, although FCR was 

significantly higher in birds fed a combination of 0.2% ginger and 0.2% curry leaf powder. 

The differences in these reported findings may be due to the different varieties of ginger 

used, their processing, dose and the duration of the experiments. 

Most of the researchers attributed the better performance of the broiler birds fed ginger to an 

improvement in palatability and the quick digestive effect of this natural product. They 
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further suggested that due to the effect of this natural product, the digestive tract would be 

emptied earlier and feed consumption promoted. Ginger has been found to increase secretion 

of gastrointestinal enzymes including lipase, disaccharidase and maltase (Zhang et al., 2009). 

According to Herawati (2010) the improved performance may be attributed to the two types 

of digestive enzymes in ginger; protease and lipase, which are present as part of the plants 

natural protective mechanisms (Zhang et al., 2009). Zhao et al. (2011) reported that ginger 

enhances animals’ nutrient digestion and absorption because of its positive effect on gastric 

secretion, enterokinesia and digestive enzyme activities. 

 
2.4.2. Effect of Ginger on Growth Performance and Body Weight Gain 
 
Tekeli et al. (2011) stated that Z. officinale improved body weight gain in broiler chickens at 

the rate of 120, 240 and 360 ppm. However, Zhang et al. (2009) did not find any significant 

difference for average daily gain in broilers by feeding ginger at the rate of 5 g/kg. Herawati 

(2010) found that the use of 2% red ginger in the ration of broiler chickens produced higher 

body weights. Onu (2010) reported that the addition of ginger (0.25%) to the basal diet of 

broiler chicks resulted in higher body weights. In their work, Kausar et al. (1999) showed 

that carminative mixture containing ginger at the dose rate of 2 and 4 ml/l of drinking water 

increased body weight on the 5th week of the experiment. Javed et al. (2009) reported that 

broiler chicks dosed with aqueous extract of a mixture of plants containing ginger improved 

body weight gain. El-Deek et al. (2002) observed that a diet containing 1 g/kg of ginger did 

not affect growth performance, whereas Farinu et al. (2004) reported that supplementation of 

ginger at the levels of 5, 10, or 15 g/kg slightly improved growth in broilers. In contrast, Al-

Homidan, (2005) observed reduced growth rate in starter broilers (1 to 4 wk) when ginger 

was fed at the rate of 60 g/kg body weight at the 6th week of age. The different results on 
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growth performance of broilers may be ascribed to the different doses used in the 

experiments. 

 

2.4.3 Effect of Ginger on Carcass Traits 

In a recent study, Zhang et al. (2009) observed that birds fed ginger produced higher carcass 

weights compared to untreated birds. Dressing percentage, breast weight and leg weights 

increased significantly in response to an aqueous extract of a plant mixture containing ginger 

(Javed et al., 2009). Zhang et al. (2009) suggested that improved carcass quality of broilers 

may be associated with the antioxidant effect of ginger which enhances protein and fat 

metabolism. Conversely, Moorthy et al. (2009) reported no effect of ginger supplementation 

on carcass characteristics including New York dressed percentage, eviscerated weight, ready 

to cook percentage, abdominal fat pad and giblet weight. El-Deek et al. (2002) found that the 

dressing percentage did not differ between control and ginger treated broilers up to sixth 

week of age. Likewise, Onu (2010) affirmed that the addition of ginger (0.25%) in the basal 

diet of broiler chicks did not result in significant differences in carcass characteristics. 

 

2.4.4. Effect of Ginger on Egg Production and Quality 

Nasiroleslami & Torki (2010) found that the addition of the essential oil of ginger increased 

egg shell weight and egg shell thickness in laying hens. However, feeding ginger essential oil 

did not affect egg index, yolk index and Haugh unit. However, other researchers have not 

always observed the same benefits. Zhao et al. (2011) reported that laying hens fed with 

ginger at the rates of 5, 10, 15 and 20 g/kg of feed had no effect on laying rate and average 

egg weight. However, egg mass increased significantly in supplemented groups. Akbarian et 

al. (2011) showed that feeding ginger at the rates of 0.5 and 0.75% improved egg production 

although egg weight did not differ between the control and treated groups. Previous work 
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(Incharoen & Yamauchi, 2009) showed that White Leghorn laying hens fed dried fermented 

ginger (1 and 5%) showed better egg production and mass in comparison to those of control 

birds, although there were no significant differences in shell breaking strength, shell 

thickness, shell ratio, albumin ratio, yolk ratio, yolk colour and Haugh unit among the dietary 

treatments. The exact mechanism through which egg laying performance is enhanced is not 

known. According to Zhao et al. (2011) the higher performance of the laying hens may be 

due to antioxidant, antimicrobial and other activities such as increased blood circulation and 

secretion of digestive enzymes and reduction in the oxidation of feed.  

 

2.4.5. Effect of Phytobiotics on Meat Quality 

Salamatdoustnobar et al. (2008) observed that canola oil with high level of ω -3 fatty acids 

could influence fatty acid profile and improve meat quality. Bansal et al. (2011) showed that 

broilers fed with diets containing probiotics was found better in terms of feed efficiency, 

growth and meat quality. Feeding of red ginger in ration as treatment slightly increased pH 

and tenderness of broiler meat but decreased water holding capacity and cooking loss as 

compared to those of control treatment without red ginger. This increased productive 

performance, carcass attributes and meat quality (Herawati & Marjuki, 2011). Conale et al. 

(2011) also showed that supplementation of the diet with phytotherapic compound 

(containing ginger and European stoneseed) did not negatively affect meat quality. 

2.5. Sensory Evaluation of Meat 

Sensory evaluation is a common and very useful tool in quality assessment of processed meat 

products. It makes use of the senses to evaluate the general acceptability and quality 

attributes of the products. It plays an important role in the examination of meat and meat 

products. (www.fao.org). 
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Meat quality is a generic term used to describe properties and perceptions of meat. 

Traditionally meat quality is either eating quality or processing quality. Therefore, quality is 

directly associated with usage and is a multifaceted concept (Webb et al., 2005).  Physical 

quality of meat is important properties which strongly influence consumer’s preference to the 

meat and these properties include pH, color, flavour, juiciness, tenderness, water holding 

capacity, and cooking loss (Herawati & Marjuki, 2011). All these attributes are influenced by 

breed, sex, age, anatomical location, exercise, nutrition and internal variability (Siham et al., 

2015)  

According to FAO (1990), the quality of meat and meat products is defined by the following 

criteria: 

 palatability (texture and consistency, juiciness, good flavour);  

 proportion of lean meat to fat;  

 freshness and adequate conservability of the products;  

 absence of harmful micro-organisms or substances; and  

 appropriate (preferably minimal) use of additives and meat extenders.  

The different criteria need different methods of quality control, such as: 

 organoleptic evaluation  

 physical test methods  

 chemical analysis  

 microbiological examination  
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2.6. Quality Attributes of Meat 

2.6.1. Meat Colour: 

 Colour is an important criterion for evaluating raw or cooked meat and meat products. It 

reflects the proper composition of the products, particularly in relation of meat to other 

substances, freshness of raw materials, texture, taste and proper conditions of storage (Klak 

et al., 2001; Alberti et al., 2002). The colour of fresh meat is largely determined by the 

relative proportions and distribution of oxymyoglobin, reduced myoglobin and 

metmyoglobin (Seideman et al., 1984, Park et al., 2007). Poultry (raw or cooked) is the only 

specie known to have muscles that are dramatic extremes in colour (white and dark meat). 

Breast meat is expected to have a pale pink color when it is raw, while thigh and leg meat are 

expected to be dark red when raw (Waskar et al., 2009). The desirable meat colour most 

accepted to consumers is from pinkish to red, light meat colour and are scored high on 

hedonic scale than dark meat colours (Waskar et al., 2009). 

Several researchers have demonstrated that a significant negative correlation exists between 

breast meat lightness color values and breast meat pH (Barbut, 1993; Fletcher, 1995; Allen et 

al., 1997). Differences in breast meat color have been attributed to the pre-slaughter 

condition and handling practices of poultry. Froning et al. (1978), Ngoka & Froning (1982) 

and Allen et al. (1998) reported darker-colored breast meat from birds that were allowed to 

struggle freely during slaughter when compared to breast meat from anesthetized birds. 

Struggling before slaughter depletes muscle glycogen and less lactic acid accumulates in the 

muscle during post-mortem glycolysis, resulting in higher ultimate meat pH (Wood and 

Richards, 1975). Qiao et al. (2001) reported that meat with lighter color than normal was 

associated with low pH, high moisture, and low water holding capacity. 
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2.6.2. Texture and Tenderness 

 Mukasa (1981) defined texture of meat as the sensory manifestation of the structure of the 

meat and the manner in which the structure reacts to the force applied during biting. Meat 

tenderness primarily relates to muscle tissue and it based on ease of chewing that is 

contributed by many factors (Dinh, 2006). Among them, the fibrous nature of muscle 

contributes to chewing resistance (Gerrard & Grant, 2003) and post mortem events are major 

determinants of tenderness; shortening and hence sacromere length together with temperature 

are central to early determination of tenderness (Bruce & Ball, 1990; Geesink et al., 2000). 

Sex of chicken however, may affect the texture of meat since meat from the male chicken is 

said to be more tender compared to the meat from the female chicken (Musa et al., 2006). 

 Meat with low pH has also been reported to decrease tenderness (Froning et al., 1978; 

Barbut, 1993). Apparently, this is in agreement with results obtained by Herawati & Marjuki 

(2011) that feeding red ginger in the ration up to 1.5% inclusion rate slightly increased pH 

and tenderness of broiler meat as against the control ration. The rate of pH and ultimate pH 

(pHu) have a major consequences for eating quality, but the precise relationship between 

tenderness and pH is complex and not fully understood (Van lack et al., 2001). Meat with a 

high pH (often > 6.5), described as dark cutting or dark, firm and dry, occurs when animals 

have lower than normal muscle glycogen level at slaughter and as a result lactate production 

is low. The tenderness of a meat with a high pHu is a matter of considerable debate. Some 

studies showed that it may be more tender than normal (Dransfield, 1981; Charlotte et al., 

2003) because the reduction in glycolytic substrate availability causes more rapid ATP 

depletion and early rigor (the latter reducing susceptibility to cold shortening; Wanatabe et 

al., 1996) and allow prolong activity of proteases. Another possible explanation for tender 

meat of DFD meat was given by Katsaras & Peetz (1990) who showed that morphological 
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changes (i.e., fragmentation of myofibrils) in dark cutting beef was greater in DFD meat than 

in normal one. On the other hand, other studies reported that dark, firm and dry meat has 

higher shear force values and less palatable than normal beef (Wulf et al., 2002). In contrast, 

meat with a low pHu is likely to be of poorer eating quality since the enzymes involved in 

post mortem tenderization are inhibited by acidification (Charlotte et al., 2003).  

 

2.6.3. Juiciness and Flavour 

Flavour is one of the quality attributes that a consumer uses to determine the acceptability of 

meat products (Northcutt, 2009). It is a combination of the sensation perceived by the two 

chemical senses of taste and smell. The taste of a given food is perceived by taste buds on the 

tongue which detects mainly four principle tastes: sweet, sour/acid, salt and bitter and the 

senses of smell detects certain chemicals which stimulate the olfactory receptors at the top of 

the nasal cavity (Farmer, 1999). Poultry meat is susceptible to development of off-flavour 

(Gray & Pearson, 1987). Although, appearance criteria are important in choosing meat, but in 

repurchase, factors like flavour may dominate over appearance (Dransfield et al., 2005). 

Meat flavour mostly resides in fatty tissues (Dinh, 2006). The lipid of fatty tissues is 

important to the development of flavour in meat, and during the cooking process releases 

flavouring volatiles. These volatiles increase with age in all animals (Lawrence & Fowler, 

2002). Therefore, the older animal will produce greater flavour. Marbling (muscle fat 

content) has much stronger and more predictable effects on juiciness and flavour than 

tenderness. This intramuscular fat was thought to accumulate in the finishing phase of 

growth, but recent research has suggested that marbling increases linearly overtime (Dinh, 

2006). 
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2.6.4. pH and Water Holding Capacity  

Water holding capacity is the ability of meat to retain its own or added water during 

application of external forces such as cutting, heating, grinding, or pressing (Judge et al., 

1989; Siham et al., 2015). There is variation in water holding capacity among different types 

of meat from different animals and muscles (Lawrie, 1991).  As reported by Qiao et al. 

(2001) pH influences water holding capacity of meat. Poultry meat with low pH has been 

associated with low water-holding capacity (WHC), which results in increased cooking loss 

and drip loss (Froning et al., 1978; Barbut, 1993; Northcutt et al., 1994). Cooking loss is one 

of the most important properties of sausage products as it is related to water holding capacity. 

Muchenje et al. (2009) reported that accelerated pHu decline is related to unacceptable drip 

loss increase.  Pre-slaughter stress affects the ultimate pH of the raw meat by depleting 

muscle glycogen reserves (Backer et al., 1998). If glycogen is depleted by chronic long-term 

stress before slaughter, less lactic acid is formed and the meat does not acidify normally. This 

results in high pH in meat (i.e., dark, firm and dry, DFD meat) (Schaefer, 1997) and meat 

with low pH has been reported to increase shelf-life (Allen et al., 1997). 
 

2.7. Meat Lipid Profile 

Current evidence apparently suggests that an imbalance of dietary cholesterol and fat are the 

primary causes of atherosclerosis and cardiovascular diseases (Griel et al., 2006). Health 

professionals world wide recommend a reduction in the overall consumption of saturated 

fatty acids, trans-fatty acids and cholesterol, while emphasizing on the need to increase 

intake of n-3 polyunsaturated fats (Griel et al., 2006; Kris-Etherton & Innis, 2007). There is 

increasing recognition of the health benefits of PUFA in general, and of n3 fatty acids in 

particular, because these fatty acids are essential for humans (Conquer & Holub, 1998; 

Simopoulos, 2001). N3 fatty acids in meat are important in the prevention and treatment of 
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coronary disease, hypertension, diabetes and arthritis (Simopoulos, 1991; Simopoulos, 2009). 

The quality and quantity of lipids and their fatty acid composition in meat are influenced by 

internal (age, gender, genotype and castration) and external (temperature, feeding) factors 

(Masek et al., 2013). Blood lipid profile has an important role in the performance and carcass 

quality of broilers. Physiological studies have been designed to correlate some of the blood 

parameters with the degree of fatness in broiler chickens. In this regard, Whithead & Griffin 

(1982), Whithead et al. (1986) and Tohala (2010) indicated that plasma very low density 

lipoprotein (VLDL) was a useful parameter to infer the degree of fatness in chickens. They 

noted that decreasing plasma VLDL level, by any means, causes decreasing abdominal fat in 

broiler chickens. Similar suggestion was reported by Grunder et al. (1987) and Tohala (2010) 

in two strains of chickens. 

2.7.1. Triglycerides 

 This is the most common type of lipid found in animals. Fat tissue is primarily for the 

storage of this form of lipid, although high level of triglycerides is also linked to heart 

diseases. Normal triglyceride levels vary by age and sex (Ma, 2006). A value below 150 

mg/dl indicates no increased risk, 150 -199mg/dl indicates the borderline, and over 200 

mg/dl is a high risk (Ma, 2006; ATP III, 2011). 

2.7.2. Cholesterol  

Cholesterol is a necessary substance in human metabolism. It is an essential component of all 

cell membranes and also serves as a precursor for biosynthesis of steroid hormones, bile 

acids and vitamin D (Hanukoglu, 1992). The cholesterol necessary for normal metabolism is 

manufactured by the liver. Generally, a level less than 200 mg/dl is considered desirable. 

Between 200 mg/dl and 240 mg/dl is considered borderline high, and over 240 mg/dl is 
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considered high (Ma, 2006; ATP III, 2011). Cholesterol is present in the blood in three 

forms. The three forms defined below are all combinations of protein, cholesterol and 

triglyceride. Cholesterol is a lipid and is insoluble in water. It is transported through the 

blood encased in a soluble protein.  

 

2.7.3. Low Density Lipoprotein (LDL) Cholesterol  

LDL cholesterol primarily transports cholesterol and other lipids from the liver to other cells 

in the body via the bloodstream (Colpo, 2005). Unfortunately as LDL cholesterol travels 

through the blood, it can get deposited into artery walls.  This is sometimes referred to as the 

bad cholesterol. This form contains the highest amount of cholesterol. A value less than 

100mg/dl is considered optimal, between 130 – 159 mg/dl is borderline high, and over 160 

mg/dl is considered high (Ma, 2006; ATP III, 2011) . 

 

2.7.4. High Density Lipoprotein (HDL) Cholesterol 

HDL is said to carry cholesterol away from cell and arteries back to the liver where the 

cholesterol is recycled or removed from the body (Colpo, 2005). This is sometimes called 

good cholesterol. The higher the number, the better. A value below 40 mg/dl is considered a 

risk factor for heart disease while a value above 60 mg/dl is considered protective against 

heart disease (Ma, 2006; ATP III, 2011).  

 

2.7.5. Very-Low Density Lipoprotein (VLDL) Cholesterol 

 This form contains the highest amount of triglyceride. Like LDL, this is considered “bad 

cholesterol.” A value less than 32 mg/dl is desirable. VLDL is usually not measured directly, 

but is estimated from the triglyceride value by dividing the triglyceride value by 5. This 

mathematical way to estimate VLDL is not valid when the triglyceride is above 400 mg/dl 

(Warnick et al., 1990). 
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2.8. Relationship between Serum Cholesterol and Incidence of Cancer and 
         Atherosclerosis in Humans 
Atherosclerosis is a specific form of arteriosclerosis in which an artery wall thickens as a 

result of invasion and accumulation of white blood cells (WBCs). It begins with damage to 

the endothelium caused by high blood pressure, smoking, or high cholesterol. That damage 

leads to the formation of plaque (www.webmd.com). When bad cholesterol, or LDL, crosses 

the damaged endothelium, the cholesterol enters the wall of the artery. That causes white 

blood cells to stream in to digest the LDL. Over years, the accumulating mess of cholesterol 

and cells becomes a plaque in the wall of the artery (www.webmd.com). Plaque is a jumble 

of cholesterol, cells, and debris that creates a bump on the artery wall. As atherosclerosis 

progresses, that bump enlarges. And when it becomes big enough, it can create a blockage. 

That process goes on throughout the entire body. As a result, not only is the heart at risk but 

the risk for stroke and other kinds of health problems are present (www.webmd.com). 

The accumulation of the WBCs is termed "fatty streaks". These accumulations contain living, 

active WBCs (producing inflammation) and remnants of dead cells, 

including cholesterol and triglycerides. The remnants eventually include calcium and other 

crystallized materials, within the outer-most and oldest plaque. The fatty streaks reduce the 

elasticity of the artery walls. However, they do not affect blood flow for decades, because the 

artery muscular wall enlarges at the locations of plaque. The wall stiffening may eventually 

increase pulse pressure and widened pulse pressure is one possible result of advanced disease 

within the major arteries (Atherosclerosis – wikipedia, 2015). 

 According to Ross (1993), atherosclerosis is a chronic disease that remains asymptomatic for 

decades. Atherosclerotic lesions, or atherosclerotic plaques, are separated into two broad 

categories: Stable and unstable (also called vulnerable) (Ross et al., 1999). The pathobiology 
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of atherosclerotic lesions is very complicated. Generally, stable atherosclerotic plaques tend 

to be asymptomatic, are rich in extracellular matrix and smooth muscle cells, while unstable 

plaques are rich in macrophages and foam cells and the extracellular matrix separating the 

lesion from the arterial lumen (also known as the fibrous cap) is usually weak and prone to 

rupture (Finn et al., 2010). Ruptures of the fibrous cap expose thrombogenic material, such 

as collagen (Didangelos et al., 2009), to the circulation and eventually 

induce thrombus formation in the lumen. Upon formation, intraluminal thrombi can occlude 

arteries outright (e.g. coronary occlusion), but more often they detach, move into the 

circulation and eventually occluding smaller downstream branches 

causing thromboembolism (Atherosclerosis – wikipedia, 2015). Apart from 

thromboembolism, chronically expanding atherosclerotic lesions can cause complete closure 

of the lumen. Chronically expanding lesions are often asymptomatic until lumen stenosis is 

so severe (usually over 80%) that blood supply to downstream tissue(s) is insufficient, 

resulting in ischemia. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1. Experimental Location  

The study was carried out in a private farm in Aba, Abia State. Abia State is in south-eastern 

part of Nigeria within the tropical rainforest zone. It lies within approximately between 

latitude 40 40' and 60 14' north of the equator and longitude 70 10' and 80 east of greenwhich 

meridian (www.abiastategov.ng). 

3.2. Collection and Processing of Ginger 

Fresh ginger rhizome (Zingiber officinale) was procured from a local market. The fresh 

ginger rhizome was washed in water to remove the adhering dirts. The rinds were peeled off 

after which they were chopped into smaller pieces using kitchen knife. It was air-dried inside 

a house, milled and then packed in a big air tight polythene bag. 

3.3. Experimental Birds, Design and Management 

3.3.1 Experiment I 

A total of one hundred and eight (108) marshal broiler day old chicks were randomly 

distributed into three dietary treatments. Each treatment contains 36 broiler chicks subdivided 

into 3 replicates of 12 chicks each. The birds were offered feed and water ad libitum 

throughout the trial and managed in a deep litter system. Routine management and all 

necessary vaccination procedure were followed. 
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3.3.2 Experiment II 

Seventy two (72) laying hens of seventy three weeks of age were randomly distributed into 

three dietary treatments. Each treatment has three replicates containing 8 laying hens each in 

a deep litter pen. Fresh feed and water were served ad libitum daily. Routine management 

and all necessary medication were followed. 

3.4. Experimental Diets and Formulation 

Three diets were prepared for broilers and layers experiment. Broiler and Layer diets contain 

the similar levels of ginger. Two increasing levels of ginger (0.5 and 1%) were incorporated 

into the diets for broiler and laying hen labelled as T2 and T3 respectively. The gross 

composition of the layer and broiler diet is as shown in Table 3-5. 

3.5. Data Collection 

3.5.1. Profitability Analysis  

The profitability analysis was carefully done by calculating the cost of each dietary 

treatment. The cost of the diet was obtained by addition of the cost of individual ingredients 

that was used and the feed cost/kg weight gain was derived by multiplying the feed 

conversion ratio by feed cost/kg. This was repeated for layers using weight of egg laid per 

week instead of live weight gain, giving kg feed/ kg egg. 
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Table 3.1:      Composition of the experimental layer diets 

Ingredients       Ginger Inclusion Levels 

   T1 (0.00%)          T2 (0.50%)         T3 (1.00%) 

 

Maize  53.00 52.50 52.00 

Ginger 0.00 0.50 1.00 

Soybean meal 18.00 18.00 18.00 

Fish meal 3.00 3.00 3.00 

Palm kernel cake 9.05 9.05 9.05 

Wheat offal 10.00 10.00 10.00 

Bone meal 5.00 5.00 5.00 

Salt 0.25 0.25 0.25 

Vitamin/Mineral (Layer) premix 0.50 0.50 0.50 

L –Lysine 0.80 0.80 0.80 

DL- Methionine 0.40 0.40 0.40 

Calculated nutrient composition of the experimental diets (% dry matter) 

Crude Protein 17.79 17.74 17.70 

Crude Fibre 4.64 4.63 4.61 

Ether Extract 4.12 4.10 4.08 

Ash 3.35 3.34 3.34 

Metabolizable energy (kcal/kg) 2710.97 2693.81 2676.65 

Feed cost (N/kg)        105.05            107.22    109.39            

**Layer vitamin premix supplied the following vitamins and trace elements per kg diet: Vit 
A 6250IU; Vit D3 1250IU; VitE, 14.38mg; VitK3 1.25mg; Vit B, 1.88mg; Niacin 31.25mg; 
Calcium pantothenate  6.25mg; Vit B6 3.8mg, Vit B12 0.02mg; Chroline  Chloride 250mg; 
Folic acid 0.63mg; Biotin 0.03mg; Mn75mg; Zn 50mg; Cu 5.31mg; I 0.94mg; Co 0.019mg; 
Se 0.08mg and Antioxidant 75mg 
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TABLE 3.2:                   Composition of the experimental broiler starter diets 

 

Ingredients          Dietary Levels of Ginger 

   T1 (0.00%)          T2 (0.50%)         T3 (1.00%) 

 

Maize  51.00 50.50 50.00 

Ginger 0.00 0.50 1.00 

Soybean meal 28.00 28.00 28.00 

Fish meal 4.00 4.00 4.00 

Palm kernel cake 5.00 5.00 5.00 

Wheat offal 8.00 8.00 8.00 

Bone meal 3.00 3.00 3.00 

Salt 0.25 0.25 0.25 

Vitamin/Mineral (Broiler) premix 0.25 0.25 0.25 

L –Lysine 0.25 0.25 0.25 

DL- Methionine 0.25 0.25 0.25 

Calculated nutrient composition of the experimental diets (% dry matter) 

Crude Protein 21.57 21.52 21.48 

Crude Fibre 4.60 4.58 4.57 

Ether Extract 4.09 4.07 4.05 

Ash 3.77 3.77 3.76 

Metabolizable energy (kcal/kg) 2778.68 2761.52 2744.36 

Feed cost (N/kg) 111.36                   113.53                115.70     

** To provide the following per kg of feed: vit. D3, 1,500IU; vit. E, 5iu; vit. K, 2mg; 
riboflavin 3mg; panthothenic acid, 10mg; nicotinic acid, 2.5mg; chlorine, 3.5mg; folic acid, 
1mg 
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Table 3.3:    Composition of the experimental broiler finisher diets 

   

Ingredients             Dietary Levels of Ginger 

   T1 (0.00%)          T2 (0.50%)         T3 (1.00%) 

 

Maize  56.00 55.50 55.00 

Ginger 0.00 0.50 1.00 

Soybean meal 18.00 18.00 18.00 

Fish meal 4.00 4.00 4.00 

Palm kernel cake 10.00 10.00 10.00 

Wheat offal 8.00 8.00 8.00 

Bone meal 3.00 3.00 3.00 

Salt 0.25 0.25 0.25 

Vitamin/Mineral (Broiler) premix 0.25 0.25 0.25 

L –Lysine 0.25 0.25 0.25 

DL- Methionine 0.25 0.25 0.25 

Calculated nutrient composition of the experimental diets (% dry matter) 

Crude Protein 18.55 18.51 18.47 

Crude Fibre 4.63 4.62 4.61 

Ether Extract 4.29 4.27 4.25 

Ash 3.48 3.47 3.47 

Metabolizable energy (kcal/kg) 2843.28 2826.12 2808.96 

Feed cost (N/kg)        96.16            98.33              100.50           

** To provide the following per kg of feed: vit. D3, 1,500IU; vit. E, 5iu; vit. K, 2mg; 
riboflavin 3mg; panthothenic acid, 10mg; nicotinic acid, 2.5mg; chlorine, 3.5mg; folic acid, 
1mg 
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3.5.2. Performance Indices 

Data on the seventy three weeks old laying hens were collected on the initial and final body 

weight. Left-over feeds were collected daily from each pen; each was weighed and subtracted 

from the actual feed given the previous day to estimate the feed intake. The laying hens were 

fed the experimental diets for one week and four days to stabilize them before the 

commencement of egg collection which lasted for five weeks and three days. Eggs from each 

replicate pen were counted and weighed daily to calculate the laying rate and three eggs per 

replicate were collected for determination of egg quality on the 49th (last) day of the 

experiment. 

3.5.3. Egg Quality 

Nine eggs collected per treatment were weighed using electronic weighing scale. After 

weighing, each egg was broken onto a flat tray, the height of the albumen and yolk were 

measured using the veinier sliding caliper. Also, the   albumen and yolk widths were 

measured with the same instruments at two different points. The weight of the albumen, egg 

yolk and egg shell were measured using the electronic digital balance and the egg yolks were 

preserved thereafter in a refrigerator for cholesterol analysis. Shell thickness was a mean 

value of three locations of the egg (air cell, equator and sharp end) using micrometer screw 

gauge. The following quality indices were calculated: 

 Shell percentage         =  Shell weight      X    100                                                                                                                                                        
                                                                              Egg weight 

Albumen percentage   =   Albumen weight   X 100                                                                                                                                                     
                                                                                Egg weight 

Yolk percentage  =   Yolk  weight     X 100                                                                                                                                  
                                                                   Egg weight 
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Haugh unit  = 100 log (H - 1.7W 0 . 37 + 7.6) 

Where 

H = Observed height of the albumen in mm 

W = Weight of egg (g) 
 

For the broilers, data collected were on growth performance traits, such as daily feed intake, 

weekly body weight gain, final body weight gain and feed conversion ratio. The birds were 

weighed at the beginning of the experiment and then on weekly intervals during the trial 

period which lasted for eight weeks. The birds were fed daily and left over feed weighed the 

following day to determine the daily feed consumption. Weight gain was calculated by 

subtracting the final body weight from the initial body weight and feed conversion ratio was 

computed by dividing the average daily feed intake by the average daily weight gain. 

3.5.4. Carcass and Organ Weight Evaluation 

On the last day of study, two birds were selected from each replicate. The birds were starved 

overnight (5pm-10am) to clear the gut of digester but allowed access to water. The live 

weight of the birds were determined the following morning and recorded and later 

slaughtered by severing the blood vessels at the neck region just below the wattle using a 

sharp kitchen knife. They were thoroughly bled and scalded, the carcass cleaned with water 

and properly drained. The eviscerated carcass was cut up into parts and the parts expressed as 

percentages of the starved weight. The weights of the gizzard, heart, liver, and intestine were 

expressed as percentages of the starved weight. 

3.5.5. Organoleptic Quality Assessment 

One drum stick and half of the breast muscle were taken each from the replicates and used 

for organoleptic assessment. They were weighed individually using electronic weighing scale 
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(after removing the skins) to get the initial weight. Each was dipped in a brine solution, 

placed inside a white nylon bag, the mouth securely tied and labelled appropriately. They 

were subjected to boiling using cooking gas for 30 minutes after which they were weighed 

again to get the final weight. Cooking loss was calculated using the formula: 

Cooking loss  =   Initial weight – Final weight                                                            
                                                  Initial weight 

Tenderness, Juciness, Flavour and Hedonic score (degree of likeness) of the boiled samples 
of the breast muscle were assessed using the  9 – point category rating scale (AMSA, 1978) 

 

3.5.6. Ether Extract Determination 

Part of the breast muscle were taken from each replicates and used for ether extract analyses. 

Procedure for Ether Extract Determination (AOAC, 2006) 

Samples of the meat were chopped into small pieces and dried in the oven at 600C for 5 days 

and thereafter pounded using mortar and pistle. 2-3g of each sample was placed in a filter 

paper carefully wrapped and tied with a thread. The tied samples were each placed in the 

soxhlet extractor column connected to a running tap to condense the solvent. Extraction 

lasted for about 6 hours. When the solvent became clear in the column, the defatted fat was 

carefully removed and weighed and the solvent recovered. Percentage ether extract was 

calculated using the formula:  

% Ether extract = M2 – M1   X   100 
M3  

 
% Ether extract = Weight of oil extracted   X  100                                                                   
                              Weight of sample 
Where  

M1 = Weight of the filter paper + sample after extraction 

M2 = Weight of the filter paper + sample before extraction 
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M3 = Weight of the sample 

3.5.7. Blood Parameters 

On the 49th day of the layer experiment, three eggs per replicate were collected for estimation 

of cholesterol level and egg quality. Three blood samples were collected without 

anticoagulant for estimation of serum lipid of the hens. On the 56th day (8 weeks) of broiler 

age, blood samples were collected also without anticoagulant for estimation of serum lipid of 

the broilers.  

Procedure for Extraction of Cholesterol in Sample  

Extraction of cholesterol from egg yolk (Amadi et al., 2004) 

Into a mortar, 2g of egg yolk was placed, with 4g of calcium sulphate (gysum) powder. The 

mixture was ground thoroughly to fine powder.  The thick homogenous part was spread on a 

glass plate using a spatula and dried in an oven at 600C. 

Thereafter, the dried matter was scraped off the glass plate with a scapel into a clean mortar, 

ground thoroughly and transferred into a dry test tube. Then 6ml of chloroform was added to 

the test tube and mixed with shaking for 10 minutes. The chloroform extract was filtered 

using whatman No1 filter paper into a dry test tube. The filtrate obtained is the chloroformic 

extract of cholesterol. This was then stored at room temperature and used for determination 

of cholesterol 

Determination of Total Cholesterol Concentration 

The enzymatic (cholesterol esterase/oxidase/peroxidase) method of Allain et al (1974) was 

used for determination of total cholesterol. 

Principle: Free and esterifed cholesterol in the sample originates, by means of the coupled 

reactions described below, to form a coloured complex that absorbs at 500nm wavelength. 
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Cholesterol ester + H20   Cholesterol esterase   cholesterol + fatty acid 

Cholesterol + ½ O2+ H20   cholesterol oxidase        cholesterol + H202 

2H202 + 4 – amino antipyrine + phenol    Peroxidase    Quinoneimine + 4H20 

Procedure: The reagents were brought to room temperature and pippetted into labeled test 

tubes as follows: 

 

 Reagents     Blank  Standard     Sample 

 Cholesterol        -               10µl                      - 

 Sample         -                         -                         10µl 

Reagent A(35mmol/l sodium cholate,             1.0ml  1.0ml         1.0ml                                                                   
28mmol/lphenol, cholesterol esterase >0.2U/ml,                                                                                                     
cholesteroloxidase>0.4U/l,                                                                                         
Peroxidase>0.8U/ml;                                                                                                     
0.5mmol/l 4-aminoantipyrene, pH 7.0)   

 

The test tubes were mixed thoroughly and incubated for 10 mins at room temperature 

The absorbance (A) of samples or standard was read against the reagent blank at 500nm in a 

spectrophotometer (Turner® 390). 

 Calculations: 

The cholesterol concentration in the sample was calculated as follows 

Csample   =         Asample      X   Cstandard                                                                                                                                     Astandard 

Where  
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Asample      =Absorbance of sample 

Astandard      = Absorbance of standard 

Csample   = Concentration of sample 

Cstandard      = Concentration of standard 

Lipid Profile Determination 

Each blood sample was centrifuged at 3000rpm using 80-2 centrifuge (China) to obtain clear 

plasma which was carefully transferred into fresh sample bottles and appropriately labelled. 

These were used for lipid profile tests which included total cholesterol, high density 

lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), very low 

density lipoprotein cholesterol (VLDL-C) and triglycerides (TGL) using commercial kits 

produced by Randox Laboratories, UK. 

Determination of Total Cholesterol Concentration 

The concentration of total cholesterol was determined according to the method of Allain et 

al. (1976) as outlined in the test kit. 

Principle 

The total cholesterol determination using QCA commercial enzyme kit is based on the assay 

principle that total cholesterol is determined after enzymatic hydrolysis and oxidation. The 

indicator, coloured quinonic derivative is formed from hydrogen peroxide and 4-

aminoantipyrine in the presence of p-hydroxybenzoic acid and peroxidase. 

 Cholesterolesters+H2O   [chol.Esterase]  cholesterol + fatty acids 

 Cholesterol + H2O + O2   chloroxidase       cholesterol + H2O2 

H2O2 + 4-Aminoantipyrine + p-Hydroxybenzoic acid   Peroxidase Coloured quinoniderivated +4 H2O  
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Procedure 

0.1ml of the plasma (supernatant) was pipetted into a tube and 1000µl of the Randox 

cholesterol reagent was added to it. The mixture was incubated for 10 minutes at 20 to 250C 

and the absorbance at wavelength 540nm was then read using 722N UV visible 

spectrophotometer (Medicaid, India) against the reagent blank. The standard absorbance of 

0.119 was equivalent to 200.65mg of cholessterol per dL of blood as prescribed by the 

producer and was used to obtain the test result. 

Determination of Triacyglycererol Concentration 

The concentration of triacylglycerols is determined after enzymatic hydrolysis with lipases. 

The indicator is quinoneimine formed from hydrogen peroxide, 4-aminophenazone and 4-

chlorophenol under the catalytic influence of a peroxidase. 

Triacyglycerols + H2O        lipases  glycerol + fatty acids 

Glycerol +ATP    Glycerol kinase  glycerol-3-phosphate + ADP 

Glycerol-3-phosphate + O2                                dihyroxy acetone + phosphate + H2O2  

H2O2 + 4-aminophenazone + 4 chlorophenol     GPO quinoneimine +HCl + H2O2 

GPO = glycerol -3 – phosphate oxidase    peroxidase  

PROCEDURE 

0.1ml of the plasma (supernatant) was pipetted into a test tube and 1000µl of the Randox 

triglyceride reagent added to it. The mixture was incubated for 10 minutes at 20 to 250C. The 

absorbance of the sample and the standard were measured using a spectrophotometer at 
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wavelength 540nm against the reagent blank. The standard absorbance of 0.100 was 

equivalent to 196 mg of triglycerides per dL of blood and was used to obtain the test results. 

Determination of High Density Lipoprotein Concentration 

The concentration of high density lipoprotein (HDL) was determined using the method of 

Albers et al. (1978) as outlined in QCA Commercial kit. 

Principle 

Low density lipoprotein (LDL) and very low density lipoprotein (VLDL) are lipoprotein 

precipitated from serum by the action of a polysaccharide in the presence of divalent cations. 

Then, high density lipoprotein – cholesterol (HDL-C) present in the supernatant is then 

determined 

 Cholesterolesters+H2O   [choleterase]  cholesterol + Fatty acids 

 Cholesterol + 1/2 O2 + H2O  chol. oxidase   cholesterol + H2O2 

2H2O2 + 4-Aminoantipyrine +  DCFS              Peroxidase       quinoneimic +4 H2O  

Procedure 

100µl of the plasma (supernatant) was pipetted into a test tube and 1000µl of the Randox 

HDL-C reagent was added to it. The mixture was incubated for 10 minutes at 20 to 250C. 

The absorbance of both the sample and standard were measured using a spectrophotometer at 

wavelength 540nm against the reagent blank. A standard absorbance stipulated by kit 

producer of 0.307 = 202.65 mg of HDL-C per dL of blood was used to obtain the test results. 

Low density lipoprotein cholesterol (LDL-C) and very low density lipoprotein cholesterol 

(VLDL-C) concentrations were calculated: 
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 LDL-C = Cholestrol – (Triglycerides  +  HDL) 
5 

 VLDL-C = Triglycerides 
                                          5 

3.6. Data Analysis 

One way analysis of variance (ANOVA) was used to analyse the experimental data based on 

the completely randomized design. When the normal F test yielded significant differences, 

treatment means were tested for significant differences using the least significant difference. 

ANOVA calculations followed the general linear model: 

Xij = μ + αi + ∑ij 

Where  

Xij = Observation made on the jth individual receiving the ith treatment  

 µ = Overall population mean 

αi =Effect of the ith treatment 

∑ij = Experimental error 
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CHAPTER FOUR 
 

4.0. RESULTS AND DISCUSSION 

4.1. Performance of Starter Broilers  

Data on the performance of starter broilers fed varying dietary levels of air dried ginger are 

presented in table 4.1. The average initial weight of the broilers prior to the starting of the 

experiment did not show any significant difference. 

4.1.1. Final Live Weight and Average Weight Gain 

There were significant differences (p<0.05) in the average final live weight of starter broiler 

birds fed different dietary levels of air dried ginger. Birds on 0% ginger (control) had the 

highest final live weight (563.33g) followed by 0.5% ginger (546.67g), and 1% ginger 

(543.33g). Average weight gain of starter broiler birds were significantly (p<0.05) affected 

by the treatments. As in the average final weight, birds fed 0% ginger (control) had higher 

weight gain than the birds on other treatment diets.  

4.1.2. Average Feed Intake and Feed Conversion Ratio (FCR) 

There were no significant differences in average total feed intake of the starter broiler birds. 

Birds fed with the treatment diets containing ginger consumed more feed than the control 

birds, with those on 1% ginger inclusion recording the highest feed consumption value. Feed 

conversion ratios of birds were not significantly affected by the treatments. There were no 

significant differences observed in feed cost /kg weight gain, although it was numerically 

higher in birds on the ginger inclusion diets than the birds fed 0% ginger inclusion diet. 
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Table 4.1. Performance of starter broilers (0 – 4 weeks) fed varying dietary levels of   
                   air-dried ginger  

      

     Percentage dietary levels of air-dried ginger 

Parameters         T1 (0.00%)   T2 (0.50%)   T3 (1.00%)      SEM 

 

 

Initial body weight (g/bird)     39.00    41.00    41.00     1.15  

Final body weight (g/bird)     563.33a    546.67ab    543.33b     8.16 

Total weight gain (g/bird)     524.33a    505.67ab    502.33b     8.6 

Average daily weight gain (g/bird)    18.73a    18.06ab    17.94b     0.29 

Average daily feed intake (g/bird)    37.36    39.93     44.62               5.26 

Feed conversion ratio (feed intake/weight gain)     2.00     2.21      2.49                 0.30 

Feed cost (N/kg)      111.36     113.53     115.70               - 

Feed cost/kg weight gain (N)     222.35   250.90     287.71     35.06 

 

    a,b  Means within a row with different superscripts are significantly different (P<0.05). 

SEM: Standard error of means 
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4.2. Performance of Broiler Finishers  

Data on the performance of broiler finishers fed varying dietary levels of air dried ginger are 

presented in table 4.2.   

4.2.1. Final Weight and Average Weight Gain 

Although the initial body weight of broilers fed 0% ginger diet (control) was significantly 

higher than the broilers fed 1% ginger diet (P < 0.05), the final live weight of the broilers in 

the three dietary treatments were not significantly different (P > 0.05). Thus, the average 

weight gains of the broiler birds were not significantly affected by the treatments.  

4.2.2. Average feed intake and Feed conversion ratio (FCR) 

There were no significant differences in average total feed intake of the broiler finishers. 

However, birds fed with the ginger diets consumed numerically less feed than birds fed 0% 

ginger diets. Birds on 1% ginger inclusion recorded the least feed consumption value. Feed 

conversion ratio and feed cost /kg weight gain were not significantly affected by the dietary 

treatment (P > 0.05). 

4.3. Carcass and Organ Weight Characteristics 

Results on the carcass and internal organ weight characteristics of broiler birds fed varying 

dietary levels of air dried ginger are presented in table 4.3.  

There were no significant differences in the starved weight of the broilers. All other 

parameters expressed as the percentage of starved weight with the exception of the head, 

neck and heart did not show any statistical difference (P > 0.05). There was no abnormality 

observed in the carcass in the course of this study. 
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Table 4.2. Performance of finisher broilers (5 – 8 weeks) fed varying dietary levels of 
                   air-dried ginger      

 

         Percentage dietary levels of air-dried ginger 

Parameters        T1 (0.00%)     T2 (0.50%)     T3(1.00%)      SEM 

 

 

Initial body weight (g/bird)         563.33a              546.67ab          543.33b         8.16 

Final body weight (g/bird)         1803.33        1740.00        1710.00        107.22 

Total weight gain (g/bird)         1240.00           1193.33        1166.67     109.81 

Total feed intake (g/bird)         3573.67        3505.33        3349.00     263.33 

Average daily weight gain (g/bird)        44.28        42.62        41.66     3.92 

Average daily feed intake (g/bird)        127.63       125.19       119.61     9.40 

Feed conversion ratio (feed intake/weight gain)        2.88       2.96       2.88     0.18 

Feed cost (N/kg)          96.16       98.33       100.50          - 

Feed cost/kg weight gain (N)         276.94       291.06       289.11     17.98 

 

        a,b  Means within a row with different superscripts are significantly different (P<0.05). 

SEM: Standard error of means 
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Table 4.3. Carcass and organ weights of broilers fed varying dietary levels of  
                   air-dried ginger  

      

  Percentage dietary levels of air-dried ginger 

Parameters    T1 (0.00%) T2 (0.50%) T3 (1.00%) SEM 

 

Starved weight (g/bird)  1792.00 1790.00 1690.00 71.48  

Plucked weight (% SW)  91.13  89.04   87.81  3.08 

Eviscerated weight (% SW)  68.92  66.76  65.99  2.44  

Thigh (% SW)    20.00  19.63  19.54  0.79 

Breast muscle (% SW)  24.31  23.06  22.37  1.28 

Back (% SW)    5.88  4.96  5.49  0.80  

Neck (% SW)    3.87b  4.28a  3.59c  0.20 

Wings (% SW)   3.96  3.93  4.10  0.18 

Trotters (% SW)   4.69  4.44  5.09  0.52 

Head (% SW)    2.44  2.45  2.55  0.15 

Heart (% SW)    0.62ab  0.71a  0.57b  0.13 

Liver (% SW)    2.57  3.01  2.58  0.35 

Full gizzard (% SW)   3.29  3.29  3.19  0.22 

Empty gizzard (% SW)  2.38  2.16  2.21  0.23 

Intestine (% SW)   5.93  5.81  5.83  0.52 

Spleen (% SW)   0.13  0.17  0.17  0.21 

Abdominal fat (% SW)  2.55  2.38  1.86  0.44 

 

    a,b  Means within a row with different superscripts are significantly different (P<0.05). 

SEM: Standard error of means 

SW: Starved weight 
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4.4. Organoleptic Characteristics 

Results on the organoleptic characteristics of broiler birds fed varying dietary levels of air 

dried ginger are presented in table 4.4.  

There were no significant differences in the cooking loss of both the drum stick and breast 

muscle of broiler birds (P > 0.05). In the breast muscle, it increases across the treatments 

from control to T3 while in the drum stick, it was highest in T1 (26.37%), followed by T3 

(22.31%) and then T2 (22.14%). There were no significant differences in tenderness, 

juiciness, flavour and hedonic score among the treatment groups (P > 0.05). 

4.5. Serum Lipid Profile and Muscle Ether Extract  

Results on the muscle ether extract and serum lipid profile of broilers fed varying dietary 

levels of air dried ginger are presented in table 4.5. 

 No significant differences were observed in the serum lipid profile of broilers. Total 

cholesterol increased numerically across the treatments from T1 (control) to T3 (1% ginger 

inclusion)  while triglyceride and VLDL-cholesterol decreases from T1 to T3. Also, there 

were no significant differences observed in the ether extract from the meat (P > 0.05). 
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Table 4.4. Organoleptic quality of broilers fed varying dietary levels of air-dried ginger 

     

  Percentage dietary levels of air-dried ginger 

Parameters    T1 (0.00%) T2 (0.50%) T3 (1.00%) SEM 

 

Tenderness    7.00  5.40  5.80  1.37 

Flavour     6.40  6.20  5.40  1.02 

Juiciness    5.80  5.80  5.20  1.35 

Hedonic score    6.20  5.80  6.20  1.07 

Cooking loss 

Breast muscle (%)   32.82  34.60  36.27  2.58 

Drum stick (%)   26.37  22.14   22.31  2.31 

 

SEM: Standard error of means 
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Table 4.5 Serum lipid profile and muscle ether extract of broilers fed varying dietary 
                  levels of air-dried ginger  

      

Percentage dietary levels of air-dried ginger 

Parameters    T1 (0.00%) T2 (0.50%) T3 (1.00%) SEM 

 

Total cholesterol (mg/dl)  90.43  95.53  107.95  18.63  

Triglyceride (mg/dl)   65.09  60.00  56.39  7.06  

HDL-cholesterol (mg/dl)  39.51  45.82  45.17  4.71 

LDL-cholesterol (mg/dl)  37.91  37.72  51.50  15.60 

VLDL-cholesterol (mg/dl)  13.02  12.00  11.28  1.41 

Muscle ether extract (%)  3.17  2.37  3.87  1.60 

SEM: Standard error of means 
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4.6. Discussion on Broiler Performance 

Significant differences (P < 0.05) were observed in the final live weight and daily weight 

gain of the starter broiler birds but no significant differences were observed in the final live 

weight and daily weight gain of the finisher broiler birds compared to the control. The 

control had higher weight gain than the treatment diets. This result agrees with the findings 

of Elmakki et al. (2013) and Zomrawi et al. (2012) who observed a significant difference in 

body weight gains of broiler chicks in a similar study. Also, the result in the weight gain of 

the finisher broiler birds is in line with the findings of Zomrawi et al. (2013) and Zhang et al. 

(2009) who found no statistical differences in average daily weight of broilers fed ginger 

diets. Contrary to these findings, Tekeli  et al. (2011),  Herawati & Marjuki (2011), Javed et 

al. (2009) and Onu (2010) observed significant differences in birds fed ginger diets. The 

decrease in the weight gain of the birds on ginger diets compared to the control group 

observed in this present study may be attributed to the body fat lowering effect of ginger 

reported by Agarwal (1996) and Sharma et al. (1996).  

There were no significant differences among the treatment group in the feed intake of the 

broilers, at starter and finisher phases. This result agrees with the findings of Elmakki et al. 

(2013) who reported no significant differences up to four weeks of age and Moorthy et al. 

(2009) and Onu (2010) also reported no significant differences in feed consumption of birds 

fed ginger diet compared with the control group. Contrary to this finding, Tekeli et al. 

(2011), Zomrawi et al. (2012) and Herawati & Marjuki (2011) reported significant 

differences in the feed intake among birds fed ginger compared with the control group. The 

reasons for the variations reported are not clear though Chrubasik et al. (2005) reported that 
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the preparation method of ginger product affected its clinical efficacy which will affect 

performance, antioxidant status, and serum metabolites of the animal. 

No significant differences were observed in the feed conversion ratio. This agrees with 

findings of Zomrawi et al. (2012) and Zomrawi et al. (2013) who observed no significant 

differences among treatment diets and control fed different levels of ginger inclusion but 

disagrees with Herawati & Marjuki (2011),  Javed et al. (2009) and Onu (2010) who reported 

significant differences in birds fed ginger diets. These variations may be due to variations in 

dietary levels, age and breed of birds which may have varied from one experiment to the 

other.  

Feed cost/kg was higher in diets containing ginger than the control. The high cost may be 

attributed to the added cost of the test material which is known to vary with seasons and 

locations/ regions. Also, there were no significant differences observed in feed cost /kg 

weight gain. This shows that the added cost of inclusion of ginger did not reflect in the cost 

of the meat produced indicating that farmers would not suffer economic losses by utilizing 

ginger in poultry diets.  

No significant differences were observed in carcass and organ weight characteristics except 

for the neck and heart. The abdominal fat pad decreased with increased level of dietary 

ginger though no statistical significant differences were observed among the treatment birds 

and control.  Low carcass weights observed may be attributed to lower weight gain of the 

birds which in turn may be due to body fat lowering effect of ginger Agarwal (1996) and 

Sharma et al. (1996) and Ademola et al. (2009) also stated that ginger could be used as 

antilipidemic agents in broiler diets to lower abdominal fat pad. This result agrees with the 

findings of Onu (2010) and El-deek et al. (2002) who found no significant differences in 
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carcass characteristics but did not agree with the findings of Zhang et al. (2009) who reported 

higher carcass weight in birds fed ginger compared to the control. Though the finding of 

Moorthy et al. (2009) is in line with the present study but it fails to agree in the neck and 

heart parameters which were significantly different in this study. 

There were no significant differences in the organoleptic qualities of broiler meat among 

treatment group. Cooking loss, juiciness and flavour followed a particular trend while 

tenderness and hedonic score did not follow a particular trend. This result agrees with the 

findings of Herawati & Marjuki (2011) who found no significant differences in cooking loss 

of broiler meat fed with different levels of ginger inclusion though they reported significant 

increase in tenderness of the meat which is not supported by the present study. Water holding 

capacity of meat increased cooking loss as stated by Lawrie (1991). Cooking loss was higher 

in breast muscle compared to drum stick probably due superior water holding capacity. Park 

et al. (2007) reported that cooked meat juiciness to an extent is affected by water holding 

capacity and this might be the reason for the particular trend followed by cooking loss, 

juiciness and flavour in this present study. 

Serum triglyceride and VLDL- cholesterol were lower among the birds fed ginger diets than 

the control though there was no statistical significance observed. This may be related to 

lower abdominal fat pad observed in the present study. Whithead et al. (1986) and Tohala 

(2010) reported that decreasing plasma VLDL- cholesterol by any level causes decreasing 

abdominal fat in broiler chickens. The present study is in line with the findings of Barazesh 

et al. (2013) who reported no significant differences in triglyceride level of broilers fed 

ginger diets but fails to agree with Zomrawi et al. (2012) who observed significant 

differences among control birds and birds fed ginger diets.  
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Total serum cholesterol level was not significantly affected by dietary treatment. This result 

is in line with the findings of Ebrahimnezhad et al. (2014), Tekeli et al. (2010) and Barazesh 

et al. (2013) who reported that supplementation of ginger did not affect serum cholesterol. 

Contrary to this, findings of Bhandari et al. (2005); Ademola et al. (2009); Zomrawi et al. 

(2012) and Jamel et al. (2010) reported that ginger extracts did affect cholesterol and 

triglyceride in the serum of broilers. All available evidence in the literature suggests that 

indeed ginger has antilipidaemic and anticholesterolemic effect in humans and animals. 

Secondly, a dietary inclusion level of up to 1% ought to elicit this expected reaction. This 

was not the case in this study. It is likely that the method of processing ginger may have 

reduced its potency. Air drying, milling and storage may have resulted in the loss of volatile 

pungent principles necessary for the expected physiological action. Crushing fresh ginger and 

orally administering the juice daily may be a better option. 

4.7. Performance of Layers 

Results on the performance of laying hens fed varying dietary levels of air dried ginger are 

presented in table 4.6.  

The average initial weight of the layers prior to the starting of the experiment shows no 

significant difference (P > 0.05). The final live weight of the hens was significantly different 

with the control birds being the highest (1836.67g), followed by T3 (1813.33g) and then T2 

(1743.67g). All other parameters showed no significant differences between ginger diet birds 

and control. Numerically, hens fed 0.5% ginger diet had the highest hen day egg production 

with better feed conversion ratio, compared with other treatment groups. 
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Table 4.6. Performance of layers fed varying dietary levels of air-dried ginger  

 

                               Percentage dietary levels of air-dried ginger 

Parameters    T1 (0.00%) T2 (0.50%) T3 (1.00%) SEM 

 

 

Initial body weight (g/hen)  1680.00 1666.67 1713.33 35.17  

Final body weight (g/hen)  1836.67a 1743.67b 1813.33ab 31.93 

Body weight changes (g)  156.67  77.00  100.00  48.05 

Feed intake (g/hen/day)  103.00  102.39  106.60  7.49 

Average weekly feed intake/hen (g)  722.25  703.83  749.83  47.45 

Average weekly laid egg weight/hen (g) 433.27  430.33  440.49  12.5 

Feed conversion ratio (feed intake/egg mass) 1.66  1.64  1.74  0.09 

Hen-day egg production (%)  46.58  47.00  46.5  6.53 

Feed cost (N/kg)   105.05  107.22  109.39     -  

Feed cost/kg egg (N)   174.73  175.48  186.69  10.04 

 

       a,b  Means within a row with different superscripts are significantly different (P<0.05). 

SEM: Standard error of means 
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4.7.1. Egg Quality Characteristics of the Layers 

Results on the egg quality characteristics of laying hens fed varying dietary levels of air dried 

ginger are presented in table 4.7. 

 No significant differences were observed in the egg quality parameters with the exception of 

albumen weight, yolk height and albumen percentage. Egg weight and albumen weight 

increased with increased level of ginger in the diets. The hens fed 1% ginger diets had the 

heaviest egg weight, lowest shell weight and thinnest shell than the control group. 

4.7.2. Yolk Cholesterol and Lipid Profile of Layers 

Results on yolk cholesterol and serum lipid profile of layers fed varying dietary levels of air 

dried ginger are presented in table 4.8. 

 No significant differences were observed in the serum lipid profile of the hens except in 

HDL-cholesterol which was highest in control birds and lowest in birds fed 1% ginger diet. 

Total cholesterol, triglyceride and VLDL-cholesterol levels decreased across the treatments 

from T1 to T3, although the differences were not statistically significant (P < 0.05). 

Cholesterol content in the eggs was not affected by dietary treatment. 
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Table 4.7.      Egg quality as affected by inclusion of air-dried ginger in layers’ diets 

 

  Percentage dietary levels of air-dried ginger 

Parameters    T1 (0.00%) T2 (0.50%) T3 (1.00%) SEM 

 

 

Egg weight (g)   59.01  60.78  67.84  4.50 

Yolk weight (g)   16.26  14.56  17.02  1.99 

Albumen weight (g)   35.43b  38.89a  43.79a  2.98 

Albumen width (cm)   7.49  7.43  7.38  0.37 

Albumen height (cm)   0.94  0.90  0.91  0.07 

Yolk  width (cm)   4.04  3.69  3.92  0.18 

Yolk  height (cm)   1.62ab  1.77a  1.46b  0.12 

Shell thickness (mm)   0.42  0.44  0.41  0.02 

Yolk percentage (%)   27.56  23.94  24.94  1.80 

Albumen percentage (%)  57.79b  63.99a  66.57a  2.53 

Shell percentage (%)   12.41  12.08  10.49  0.80 

Haugh unit    97.02  95.01  93.31  2.88 
   

 

    a,b  Means within a row with different superscripts are significantly different (P<0.05). 

SEM: Standard error of means 
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Table 4.8. Serum lipid profile and egg cholesterol of layers fed diets with varying 
                   levels of air-dried ginger  

      

  Percentage dietary levels of air-dried ginger 

Parameters    T1 (0.00%) T2 (0.50%) T3 (1.00%) SEM 

 

Total cholesterol (mg/dl)  73.24  72.87  68.54  7.1 

Triglyceride (mg/dl)   47.79  43.64  42.64  2.94 

HDL-Cholesterol (mg/dl)  51.28a  42.28ab  42.01b  2.77 

LDL-Cholesterol (mg/dl)  43.70  50.43  46.08  8.05 

VLDL-Cholesterol (mg/dl)  9.56  8.73  8.53  0.56 

Yolk cholesterol (mg/dl)  145.70  144.06  146.52  7.79 

    a,b  Means within a row with different superscripts are significantly different (P<0.05). 

SEM: Standard error of means 
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4.8. Discussion on the performance of laying hens  

The inclusion of different levels of air dried ginger in diets of layers did not negatively affect 

the performance of the laying hens when compared with the control group. There were no 

significant differences in feed intake of the hens. Hens fed with 1% air dried ginger recorded 

the highest feed consumption. This result is in line with the findings of Nasiroleslami & 

Torki (2010) and  Zhoa et al. (2011) who reported no significant differences in dietary 

consumption of broilers or laying birds fed ginger compared with the control group. Contrary 

to this finding, Incharoen & Yamuchi (2009) reported significant differences in feed intake 

among birds fed ginger compared to the control group. The slight decrease in feed intake but 

high hen day production recorded by layers fed 0.5% ginger diet tends to show more efficient 

nutrient utilization.  

Significant differences (P < 0.05) were observed in the final live weight of the hens with the 

highest weight recorded in the control group. This suggests that whereas ginger inclusion in 

the diets of laying hens may not affect egg production, it certainly affects live weight. The 

observed live weight depression effect may be related to the effect of ginger on fat level. 

Since fat is major component of fat weight, reduction in fat level will have proportionate 

effect on overall live weight. Also, in order to maintain egg productivity, the hens fed ginger 

diets may have been draining from nutrients in body reserves. Nonetheless, egg production 

across the three dietary treatments was not optimal because of the age of the layers.  

The dietary inclusion of air dried ginger had no detrimental effect on egg quality. No 

statistically significant differences were observed in laying rate and egg weight. However, 

egg weight tended to be higher in both dietary air dried ginger groups. The egg weight was 

8.83% higher in 1% air dried ginger inclusion hens and 1.77% higher in 0.5% air dried 
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ginger inclusion hens compared with the control hens. This is in agreement with the findings 

of Akbarian et al. (2011) and Incharoen & Yamuchi (2009) who reported higher egg 

production and weight by hens fed ginger diets. Egg laid by hens fed diets containing ginger 

were higher in albumen weight, yolk height and percentage albumen compared to the control 

group. Nasiroleslami & Torki (2010) observed increased egg shell weight and egg shell 

thickness in laying hens fed with essential oil of ginger but in this present study shell weight 

was not affected significantly by dietary ginger inclusion.  

Total cholesterol, LDL- Cholesterol, VLDL- cholesterol and total triglycerides in the serum 

and egg cholesterol were not significantly affected by dietary inclusion of ginger. However,  

Significant differences were observed in HDL- cholesterol of the hens which decreased with 

increase in ginger inclusion level. Malekizadeh et al. (2012) reported significant decrease in 

serum total cholesterol of laying hens fed ginger diet which is not in agreement with the 

present study. Also, Prasad et al. (2012) reported that ginger-juice administered to rats over a 

period of twenty-one days acted as a hypolipidaemic agent which significantly reduced the 

total serum cholesterol level and significantly increased the serum HDL-cholesterol while 

LDL-cholesterol and triglycerides remained unaltered. Explanation for this apparent 

discrepancy is not known, although the processing method and mode of administration may 

be important determinants.  
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CHAPTER FIVE 
 

5.0 CONCLUSION AND RECOMMENDATIONS 

Three diets were formulated containing 0%, 0.5%, and 1.0% of air dried ginger rhizome and 

fed to broiler starter, broiler finisher and layers. Records on broiler performance, laying rate, 

egg quality were obtained in addition to laboratory determination of serum lipid profile and 

egg yolk cholesterol content. 

5.1 Conclusions 

From the findings, it was concluded that the inclusion of air-dried ginger at 0.5% and 1.0% 

levels in the diets of starter broilers depressed their daily weight gain and final live weight 

whereas, in the finisher broilers, there were no significant effect on daily weight gain and 

final live weight. Neither at the starter phase nor at the finisher phase were feed intake, feed 

conversion ratio, and feed cost/kg weight gain affected by dietary inclusion of air-dried 

ginger up to 1.0%. Generally, inclusion of air-dried ginger at 0.5% and 1% levels had no 

significant effect on carcass characteristics, organ weight, organoleptic quality, muscle ether 

extract, serum cholesterol and triglyceride levels which is Surprising and contrary to 

expectation. 

 Live weight of layers was similar among birds fed 0% and 1.0% dietary ginger level, but 

was depressed at 0.5% level. Laying rate measured as hen day egg production and daily feed 

intake were not affected by dietary treatment. Apparently, increase in dietary air-dried ginger 

levels were associated with increase in egg weight and percentage albumen content but 

decrease in percentage yolk content and it had little effect on serum lipid profile of the hens 

and egg cholesterol level except a significant reduction in HDL- cholesterol.  
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5.2 Recommendations 

 Inclusion of air-dried ginger up to 0.5% level is not recommended for starter broilers 

because of depressing effect on weight gain.  

 Inclusion of air-dried ginger up to 1.0% is recommended in diets of laying hens due 

to positive effect on egg weight and percentage albumen, and negative effect on yolk 

size. This is because, the health issues associated with egg consumption are related to 

the high fat and cholesterol levels in the yolk. Many consumers would prefer eggs 

with higher albumen, but lower yolk contents. 

 Further research need to be carried out to investigate the effect of ginger on 

production performance of broilers and laying hens because it is possible that other 

factors such as method of processing ginger, storage length after processing, route of 

administration, species of animal and the production state of the stock may influence 

the metabolic action of ginger.  
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5.3 Contributions to Knowledge 

Inclusion of ginger (Zingiber officinale) in the diet of broilers and laying chickens results in 

increase in albumen size, reduction in yolk size and slight reduction in carcass fat. 
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APPENDICES 

Appendix 1: Sensory evaluation sheet for cooked broiler meat 

THE 9 – POINTS CATEGORY RATING SCALE (AMSA, 1978) 

Please choose the terms that best reflect your rating of the products displayed before you, 

assess the sample by writing the appropriate number under the product code. Ensure you 

rinse your mouth after each tasting. 

 1 2 3 4 5 6 7 8 9 

TENDERNESS 

9 = Extremely Tender  

 8 = Very Tender 

7= Moderately Tender 

 6 = Slightly Tender 

 5 = Neither Tender nor Tough 

4 = Slightly Tough 

3 = Moderately Tough 

2 = Very Tough 

1 = Extremely Tough 
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JUCINESS 

 9 = Extremely Juicy 

 8 = Very Juicy 

7 = Moderately Juicy 

6 = Slightly Juicy 

5 = Neither Juicy nor Dry 

4 = Slightly Dry 

3 = Moderately Dry  

2 = Very Dry  

1 = Extremely Dry  
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FLAVOUR 

9= Extremely Flavoured  

8 =  Very Flavoured  

7 = Moderately Flavoured  

6 = Slightly Flavoured  

5 =  Neither Flavoured nor Unflavoured  

4 = Slightly Unflavoured  

3 = Moderately Unflavoured  

2 = Very Unflavoured  

1 = Extremely Unflavoured 
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HEDONIC SCORE/DEGREE OF 
LIKENESS 

9 = Extremely Liked  

8 = Very Liked  

7 = Moderately Liked  

6 = Slightly Liked  

5 = Neither Liked nor Disliked  

4 = Slightly Disliked  

3 = Moderately Disliked  

2 = Very Disliked  

1 = Extremely Disliked  

 

 

 

 

 

 


