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ABSTRACT 

This study was conducted at Poultry Research Centre University of Agriculture 

Faisalabad, Pakistan to investigate the effect of olive, black and flax seed oils on growth 

performance and immune response of broiler chicks. The experiment comprised of three 

trials and there were three hundred birds in 1st and 2nd trial while in 3rd trial there were 

150 birds. Day old broiler chicks were procured and were grouped into thirty 

experimental units having ten chicks each. Three levels (0.5, 1.0 and 1.5%) of olive, black 

and flax seed oils were offered having three replicates in each level. One group 

containing three replicates was serving as control which was fed commercial feed without 

supplementation of experimental oils. During first trial data on body weight, feed intake 

was collected weekly to calculate feed conversion ratio. Blood samples of three birds 

from each replicate were collected at the end of experiment to estimate the serum 

triglycerides, serum cholesterol, low density lipoprotein and high density lipoprotein. 

Three birds from each replicate were slaughtered to measure organs (liver, gizzard, heart, 

lungs, kidneys and spleen) and glands weights (pancreas, bursa of fabricious, thymus, 

adrenal and pituitary). Dressing percentage was calculated. Serum samples were taken to 

estimate titre against ND and IBD at 32nd and 35th day, respectively. During the first 

trail overall weight gain was significantly (P<0.05) highest in the treatment having flax 

seed oil 0.5%. Significantly (P<0.05) better overall FCR was observed in the treatment 

having olive oil 1.0%. For second trial, 300 day old chicks were divided into 30 

experimental units having ten chicks each and were allocated the treatments in similar 

pattern as in first trial. During second trial humoral response and cell mediated immune 

response were assessed. Antibody titres against Newcastle and Infectious bursal diseases 

were observed weekly. Overall FCR was best in the group having flax seed oil 0.5%. 

Significantly highest value of total anti sheep red blood cells antibody titre of broilers fed 

various levels of different oils was recorded at 7th day post-secondary injection in the 

treatment having black seed oil 1.0%. Significantly highest value of immunoglobulin m 

anti sheep red blood cells antibody titre of broilers fed various levels of different oils was 

recorded at 7th day post-secondary injection in the treatment having black seed oil 1.0 %. 

Significantly highest value of IgM was recorded at 14th day post-secondary injection in 

the treatment having flax seed oil 0.5%. Significantly highest value of immunoglobulin g 

anti sheep red blood cells antibody titre of broilers fed various levels of different oils was 

recorded at 7th day post-secondary injection in the treatment having black seed oil 0.5%.  

During third trial best levels of oils from previous trials and blend of three oils (Having 3 

levels 0.5%, 1.0% and 1.5%) along with control having no experimental oil in the feed. 

For this purpose, 210 day old chicks were purchased and were divided into 21 

experimental units having ten chicks each. Data on weekly body weight, feed 

consumption was recorded to calculate feed conversion ratio. Intestinal pH, weight, 

length and histomorphology was recorded. Fatty acid profile and sensory evaluation of 

meat was also conducted during 3rd trial. Overall highest significant FCR during the third 

trial was recorded in the group having treatment blend 0.5%. Significantly highest value 

of intestinal weight was observed in black seed oil is 0.5%. Significantly highest level of 

oleic acid was found in the meat samples from the group having treatment blend 1.5%. 

Significantly highest level of linoleic acid was found in the meat from the group having 

treatment black seed oil 0.5%. Best overall FCR was observed significantly (P<0.05) in 

the treatment having olive oil 1.0%. Statistical analysis of the experimental data showed 

significant (P<0.05) effect on Newcastle Disease Titre due to varying levels of different 

oils in the feed of broiler birds. ND titre was significantly best in the treatment of olive oil 

1.0% and flax seed oil 1.0% during 1st week. ND titre was significantly best in the 



treatments olive oil 1.0%&1.5% and flax seed oil 1.5% during 2nd week. ND titre was 

significantly best under the treatments of olive oil 0.5%, black seed oil 0.5%&1.0% 

during 5th week. IBD titer was significantly highest in the treatments olive oil 

0.5%&1.5% during 5th week. Significantly highest value of total anti sheep red blood 

cells antibody titre of broilers fed various levels of different oils was recorded at 7th day 

post-secondary injection in the treatment having black seed oil 1.0%. Significantly 

highest value of immunoglobulin m anti sheep red blood cells antibody titre of broilers 

fed various levels of different oils was recorded at 7th day post-secondary injection in the 

treatment having black seed oil 1.0 %. Significantly highest value of IgM was recorded at 

14th day post-secondary injection in the treatment having flax seed oil 0.5%. Significantly 

highest value of immunoglobulin g anti sheep red blood cells antibody titre of broilers fed 

various levels of different oils was recorded at 7th day post-secondary injection in the 

treatment having black seed oil 0.5%. Overall highest significant FCR during the third 

trial was recorded in the group having treatment blend 0.5%. Significantly highest value 

of intestinal weight was observed in black seed oil 0.5%. Significantly highest level of 

oleic acid was found in the meat samples from the group having treatment blend 1.5%. 

Significantly highest level of linoleic acid was found in the meat from the group having 

treatment black seed oil 0.5%.  Overall flaxseed oil 0.5% was more economical. Data 

collected was subjected to statistical analysis using analysis of variance technique under 

Completely Randomized design. Treatment means were compared by Least Significant 

Difference test. Economics for each treatment was calculated. 
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CHAPTER I 

INTRODUCTION 

 Poultry industry is facing a huge risk of disease outbreaks. Large number of 

disease producing microorganisms such as Salmonella species, Escherichia coli and 

Clostridium etc. are threat for the poultry birds. Presence of these pathogens in the birds 

reduces the digestibility of various nutrients, performance and immunity (Engberg et al., 

2000). 

          Antibiotic growth promoters are being used in poultry feed to enhance their 

performance for the last few decades. No doubt these antibiotics inhibit the growth of 

pathogenic microorganisms, prevent intestinal problems and improves performance 

(Dibner and Richards, 2005; Adil et al., 2011) but the residuals of antibiotics found in the 

meat and eggs are great risk for human health (Jang et al., 2007). 

 It has been observed that the extensive and prolonged use of antibiotics is a great 

challenge as it results in the production of resistant bacterial strains that have residual 

effects that’s why the strongest protest against the use of antibiotics as growth promoter 

and immune booster has generated (Gustafson and Bowen, 1997). Due to the continuous 

use of antibiotics the pathogenic bacterial flora become resistant to that concerned 

antibiotic and become dominant, however in long term the bird will show no response to 

those antibiotics. Pathogens become resistant and affect the human health so the scientists 

showed great interest towards the alternatives of the antibiotics (Waldroup et al., 

2003).The use of antibiotics in the feed of chicks to enhance performance and immunity 

has been banned by European Union in 2006. 

 Phytochemicals and herbal feed additives are being used for a long period due to 

their antimicrobial and anti-oxidative properties. These products also improve the 

palatability, flavor, gut function, feed intake and growth rate in broilers. There are many 

herbs that can be used such as pepper, ginger, black cumin, oregano, coriander, sage, 

clove, cinnamon garlic and rosemary (Windisch et al., 2008).  Numerous herbs have been 

tested for their medicinal and growth promoting properties at Department of Poultry 

Science, University of Agriculture, Faisalabad, Pakistan. These herbs were either fed as 

such or their fractions or extracts have been tested for their medicinal and growth 

promoting properties. Garlic (Allium sativum), kalongi (Nigella sativa), asgand (Withania 

somnifera), neem (Azadirachta indica), fundak (Corylus avellana), turmeric (Curcuma 

longa), ginger (Zingiber officinale), kasni (Cichorium intybus) etc. have either been used 
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as such or their water soluble extracts to evaluate their growth promoting activities. Some 

of them showed highly significant and others showed non-significant results on broiler 

performance while in some cases it improved the performance apparently (Ansari et al., 

2008; Ansari et al., 2012). Vegetable oils including linseed and soybean oils have also 

been studied to improve the quality of broiler meat and enrichment of omega-3 fatty acids 

in eggs (Ahmed et al., 2013a). 

 Due to the ban by European Union in 2006 on the use of antibiotics as a growth 

promoters in the poultry feed the scientists have been encouraged to investigate other 

alternatives to improve the performance of poultry birds. One of the alternate is the use of 

aromatic plants as a growth promoter. These plants can be used as such or the extracts of 

those plants can also be used. Nigella sativa (Black seed) is the best example of these 

types of plants. Nigella sativa is a herbaceous plant. It belongs to the family of 

Ranunculaceae and it is an annual plant. It is mostly available in the countries of the 

Mediterranean Sea (Rouhou et al., 2007).  

 Nigella sativa is a medicinal plant which has world-wide importance in the control 

of different diseases (Ramadan, 2007).  Nigella sativa or black cumin seed contains 

alkaloids, saponins, volatile oil, quninines and sterols. It is also used as folk medicine as 

antihelminthic, nerve tonic, antispasmodic, antiseptic, appetizer and antiarthritic for the 

treatment of asthma, pustular dermatitis and ascities (Al-Homidan et al., 2002).  

 Olive oil contains monounsaturated fatty acid that is oleic acid which due to the 

chelation of vitamin E and free iron, inhibit the lipid peroxidation. It is also reported that 

olive oil provides the protection against the development of atherosclerosis as it decreases 

the serum cholesterol level (Gokce et al., 2000).      

  Linseed (Linum usitatissimum) oil is a rich source of omega-3 fatty acids i.e α-

linolenic acid (Kratzcr and Vohra, 1996). Approximately, 96% dietary α-linolenic acid 

(ALA) is absorbed in the gut (Burdge, 2006). It has several metabolic fates after its 

absorption in the body (Connor, 2000). It could undergo β-oxidation to produce energy 

and could be recycled to make fatty acids. It acts as substrate for ketogenesis and is stored 

in adipose tissue for use in starvation. It can also become constituent of phospholipids of 

cell membranes and convert into fatty acids like eicosapentaenoic acid (EPA), 

docosapentacnoic acid (DPA) and docosahexaenoic acid (DHA) (Hibbeln et al., 2006). It 

is well documented that composition of dietary fat influenced the fatty acid profile of 

breast and thigh in birds (Rosa, 1999; Balevi and Coskun, 2000). Dietary inclusion of fish 

oil and linseed oil has been reported to increase PUFA in broiler meat (Hulani et al., 
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1988; Chanmugam et al. 1992). Flax seed oil is very important for broiler as it improves 

the meat quality due to the increased level of omega-3 fatty acid in the meat. Use of this 

oil also improves the tenderness, juiciness, palatability and flavor of meat and shows 

effect on blood parameters such as high density lipoprotein, low density lipoprotein, 

serum triglycerides and serum total cholesterol (Ahmed et al., 2013b; Zelenka et al., 

2008; Osek et al., 2012). On the contrary Schreiner et al. (2005) observed that different 

levels of PUFA in broiler diet did not change the body weight, daily weight gain, feed 

intake and FCR. Dietary inclusion of oils containing PUFA at higher levels than generally 

recommended had no effects on quantitative carcass traits in broilers (Zollitsch et al., 

1997). 

 Fats and oils are considered essential nutrients in both human and animal 

nutrition. In the poultry feed fat and oil act as a main source of energy. Oils provide 

energy approximately more than twice as high as that of other all nutrients mixed in the 

poultry feed. Fat (oil) of different sources is present in the poultry feed, due to which 

there is variation in chemical and nutritive value (Wiseman et al., 1998), mainly the 

animal source fat is used in the poultry ration (Leeson and Sumers, 2005). So the efforts 

have been made for the use of oils from the plant sources due to cost effectiveness 

(Thacker et al., 1994).  Oils have generally been used as energy source in the diets 

of broilers with the advantage of decreasing diet dust, increasing the digestion and 

absorption of lipoproteins. It also aids in the absorption of fat soluble vitamins (Leeson 

and Atteh, 1995). The rate of passage of digesta in the gastrointestinal tract is decreased 

by dietary fats which allow better absorption of nutrients (Baiao and Lara, 2005). 

Consequently, birds fed rations containing oil showed better growth than those fed diets 

without oil (Moura, 2003). 

 Growth response of birds to supplemental oils and fats had demonstrated variable 

results in a number of studies. Fish oil fed to male broilers resulted in improved body 

weight (Korver and Klasing, 1997. Baeza et al. (2013) reported that linseed oil or 

extruded linseed had no effect on the growth performance and meat yield of broilers. 

Ajuyah et al. (1991) reported that addition of 20% full-fat linseed in broiler diet resulted 

in reduced carcass, live and breast weight. Crespo and Garcia (2001) fed four types of 

dietary fats to the broilers (tallow, olive oil, sunflower oil, and linseed oil; each with two 

levels, 6 or 10%) and observed better feed efficiency in the birds fed sunflower and 

linseed oils. Zelenka et al. (2008) reported that body weight gains were higher in groups 

receiving 5% and 7% of dietary oils as compared to groups receiving 1% and 3% linseed 
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oil. Mridula et al. (2011) evaluated the growth performance of broilers with different 

levels of linseed meal. They reported that linseed meal did not affect the body weight of 

broilers in first 2 week. They also reported a reduction in live weight and breast yield in 

broilers fed 15% linseed meal. 

 Dietary inclusion of oils has been reported to have immuno-regulatory effects in 

broilers (Fritsche et al. 1992). Oils rich in PUFA affect the inflammatory response and 

results in improved immune system functions Korver and Klasing (1997). Fish oil fed to 

male broilers resulted in improved cellular immunity but did not affect the humoral 

immunity (Korver and Klasing, 1997; Maroufyan et al. 2012) reported that the titre of 

both ND and IBD was improved by using combinations of tuna oil and sunflower oil in 

broiler diets. 

 Limited information is available on immunity in response to α-linolenic acids 

feeding in broilers. The present study was planned to evaluate the effect of olive, black 

and flax seed oils on growth, carcass characteristics and immune response of broilers. 

This study was designed with the hypothesis that these oils may be the excellent replacer 

of antibiotic growth promoters, as these oils improve the performance, hematological 

profile and immunity against various diseases having no residual effect for human health.  

Thus project has been planned with the following objectives: 

      1:  To study the effect of olive, black and flax seed oils on growth performance and 

hematological profile of broilers 

2:   To study the effect of olive, black and flax seed oils as an immune booster of 

broilers. 

3:   To study the effect of olive, black and flax seed oil on gut parameters and meat 

quality of broilers. 
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CHAPTER II 

REVIEW OF LITERATURE 

Fats and oils are added in poultry feeds as energy source, they not only increase 

feed intake but also have growth promoting effects. Black seed, flax seed and olive oils 

have anti oxidative and antimicrobial effect (Gokce et al., 2000; Ramadan, 2007). 

Improvement in growth performance of broilers may be due to improvement in gut 

equilibrium, by lowering the fermentation, bacterial colony counts and stimulating the 

digestive secretions (Windisch et al., 2008). It has been observed that vegetable oils 

increase the mucous production in intestine and reduces the bacterial adhesion in broilers 

(Jamroz et al., 2006; Windisch et al., 2008). Improved digestive enzyme activities 

(trypsin and amylase) and absorption of nutrients in intestine promote growth in broilers 

(Lee et al., 2003; Jang et al., 2007).  

 Black seed oil helps in the reduction of the cholesterol synthesis in poultry by 

inhibiting the activity of hepatic 3-hydroxy-3-methylglutaryl coenzyme A. By the use of 

this oil reduction of total cholesterol, triglycerides and LDL-cholesterol and increase in 

HDL cholesterol content in the egg yolk has been reported (Ahmed et al., 2013a). This oil 

improves the performance of the birds (El-Sheikh et al., 1998; Growell, 1999; Akhtar et 

al., 2003). Use of black seed improved performance, feed efficiency, growth rate and 

digestibility. It also reduced deposition of abdominal fat in broilers (Ashayerizadeh et al., 

2009). However, glucose level, White Blood Cells Count and serum GOT remain 

unaffected even in the presence of this oil (Sawita and Taha, 2011). Olive oil helps to 

increase monounsaturated fatty acids and decrease low density lipoprotein cholesterol 

level without reducing high density lipoprotein cholesterol in serum (Bolukbasi and 

Erhan, 2005). Olive oil has 55.0-83.0% oleic acid, birds fed with the diet having olive 

showed higher live weight, dressing percentage and weights of visceral organs (Zarei et 

al., 2011). 

It has also been observed that the use of flaxseed oil showed non-significant effect 

on biochemical parameters of blood but it significantly improves the growth rate and n-3 

polyunsaturated fatty acid content in the meat (Jankowski et al., 2012). The increased 

level of n-3 reduces the serum cholesterol level (Newman et al., 2002; Celebi and Utlu, 

2006). Flaxseed oil increase the level of alpha linoleic acid which in turn decrease the 

level of n-6 to n-3 ratio of the muscles. This lowers the occurrence of cardiovascular 

disorder and also reduces the concentration of serum cholesterol (Sardesai, 1992; Azad et 
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al., 2009). The higher level of alpha linoleic acid results in increased level of antibody 

titer (Friedman and Sklan, 1995; Azad et al., 2009). 

Black seed oil showed antioxidant activities and this activity is helpful for the 

reduction of any type of inflammation in birds (Saleem, 2005). Black seed oil is rich in 

linoleic acid and linoleic acid can be used as immune modulator because it enhances 

blatogenesis and has the ability of macrophage killing (Aydan, 2005; Sawita and Taha, 

2011). It is recommended that n-6 poly unsaturated fatty acids are considered as 

inflammatory stimulus whereas n-3 poly unsaturated fatty acids are considered as anti-

inflammatory factor for animals, birds and humans (Calder, 2001). Membranes having 

high level of n-3 polyunsaturated fatty acids release less amount of potent mediators for 

the production of inflammation. It also increases the antibody titre (James et al., 2000). It 

improved oxidative stability of the muscle tissues and meat quality when used in broiler 

feed (Bolukbasi and Erhan, 2005).  

Vegetable oils such as olive oil, rapeseed oil, soybean oil, sunflower oil, flaxseed 

oil and evening primrose oil in the feed of broiler chicks showed significant effect on the 

fatty acid content of the fat deposited in the breast and thigh muscles. The birds offered 

primrose oil in the ration showed highest level of linoleic acid in the breast and thigh 

muscles. Feed supplementation of olive oil in broilers resulted in significantly higher 

level of oleic acid in the thigh and breast muscles. While supplementation of flaxseed oil 

resulted in higher level of α-linoleinic acid in the breast and thigh muscles of broilers. 

Vegetable oils supplementation has no effect on palmetic acid and palmetoleic acid 

content of the breast and thigh muscles in broiler chicks (Treu et al., 2009). 

Olive oil improves the meat quality of the broilers. Its use increases the stability of 

meat during refrigeration and frozen storage. Olive oil is also beneficial for the control of 

heart problems due to its antioxidant effect (Lin et al., 2006). However, it is still not 

proved that whether it can replace the antioxidants mostly used in feed (Windisch et al., 

2008). Flaxseed is enriched source of n-3 poly unsaturated fatty acids so by feeding the 

oil of this seed to the broiler the amount of these fatty acids can be improved in the thigh 

and breast muscles of the broiler (Mantzioris et al., 2000; Ayerza et al., 2002; Rahim et 

al., 2011). 

Conflicting reports on the morphological changes of broiler’s gut due to these oils 

have been published. Some proposed increased villi length while some produced opposite 

results. Similarly contrary opinions also exist for the crypt depth in jejunum and colon of 

broiler (Demir et al., 2005; Jamroz et al., 2006; Windisch et al., 2008). 
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2.1 Performance 

Olomu and Baracos (1991) studied the effect of linseed oil on the performance, 

tissue protein and fatty acid configuration in broiler birds. Different levels of linseed oil 

were used alone or with combination of animal fat (tallow) at 6 % level in broiler rations. 

The results of the study revealed that feed intake, body weight gain, mortality and FCR 

were not improved due to the treatments. However, linseed feeding enhanced 

concentration of omega-3 fatty acid in skeletal tissues of the birds. Rations containing 

linseed oil also improved the levels of desaturation and elongation contents i.e. 

eicosapentaenoic acid and docosahexaenoic acid, but alpha- or linoleic acid (omega-3 

fatty acid) increased with increase in the period of linseed oil feeding. However, 

concentration of omega 6 fatty acid was significantly decreased in tissue fats. It was 

concluded that linseed oil feeding slightly decreased saturated fatty acid contents, 

however the levels of monounsaturated fatty acids were depressed. 

Bond et al., (1996) conducted a trail to determine the effect of linseed oil and 

hypobaric hypoxia on growth, right ventricular hypertrophy and mortality in male broiler 

chicken at ambient stress and decreased atmospheric pressure. The broiler birds were kept 

at different ambient atmospheric pressures. The birds were fed fat from various sources 

i.e. animal fat and linseed oil. The results showed increased mortality, increased amount 

of hemoglobin in blood, whereas ascites and body growth reduced at different 

atmospheric pressures when compared to those exposed to normal atmospheric pressure. 

However, feeding of linseed oil did not affect body growth and concentration of blood 

hemoglobin of the birds when compared to those fed animal fat. The use of linseed oil 

decreased mortality and ascites in broiler birds. 

Walton et al., (2001) conducted the three trails to study the effect the linseed oil 

on ascities and hypertension on pulmonary in broiler chicken at low temperature. 

Supplementation of antioxidant was used with and without in feed and also different oil 

concentration in the broiler diet. Along with antioxidant it was observed that enhanced the 

plasma thickness and blood, ascities and hypertension syndrome in birds than without use 

of antioxidant in feed. Non-significant effect on the feed intake and feed conversion ratio 

were observed. In certain cases, enhancing ration with a mixture of vitamin E and vitamin 

C improved the occurrence of ascities and hypertension syndrome. 

          Kessler et al., (2009) carried out two experiments on male broilers by using 

different vegetable oils on the basis of different fatty acids. Four hundred eighty, day old 
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male broiler chicks were fed with ration containing corn oil (CO), acid corn oil (ACO), 

linseed oil (LO) or coconut fat (CoF) for 1-9 days. In 2nd experiment four hundred eighty 

day old male broiler chicks were kept for 1-20 days. Ration were fed to the birds having 

10% CO, LO, CoF, soybean soapstock (SBS), acid soybean oil (ASO), or acid corn oil 

(ACO). The results of first experiment were non-significant while in second experiment 

feed containing high fat and energy showed significantly better performance of the male 

broilers. 

2.1.1. Feed Intake 

        Feed intake of the broiler birds increased significantly with the use of Flaxseed oil 

as reported by Lopez-Ferrer et al.,1999. They conducted two experiments in which they 

used 8.20% flaxseed oil in the feed of broilers and found the results respectively 74.04 

and 70.42g/bird/day which was significantly more than the other treatment groups. 

         Broiler birds showed significantly lower feed intake with the use of flaxseed oil in 

the broiler diet as reported by Goudarzi et al., (2015). They reported 159.7g/bird/day feed 

intake at finisher stage by the birds fed the feed having flaxseed oil. 

         Use of olive oil also improves the feed intake significantly according to the findings 

of Goudarzi et al., (2015) in their experiment it was reported that the feed intake of the 

broiler birds were 160.4g/bird/day at finisher phase in the group fed olive oil. El-Bahra 

and Ahmad (2012) also reported similar results that the use of olive oil improves the feed 

intake of broiler chicken. They used two different levels of olive oil that were 1 and 2% 

and the results were 1090 and 1061g respectively during the 5th week. 

2.1.2. Body Weight 

        Use of flaxseed oil has significantly better effect on the body weight of the broiler 

birds Goudarzi et al., (2015) they reported 87.7g weight gain daily during finisher phase 

in the birds given the feed having flaxseed oil. Olive oil also has significantly better effect 

on the growth rate of broiler birds (Goudarzi et al., 2015) they found that the growth rate 

of the birds fed by olive oil during finisher phase was 85.8g daily which was non-

significantly better than the other treatments but lower than the birds fed by flaxseed oil. 

          Black seed oil significantly improved the body weight of the broiler birds than the 

control Eman et al., (2013) similar results have been reported by El-Bahra and Ahmad 

(2012) they founded that the olive oil improved the body weight of the broiler birds. Body 

weights at the end of 5th week with 1 and 2% levels of olive oil were 1432 and 1393g, 

respectively which were significantly higher than the control group. Similar findings have 

been reported by El-Sayed et al., (2013), that the use of oils in the broiler diet 



  

 

 

9 

significantly improved the body weight. They reported that by using the 0.50 and 1% 

levels of olive oil in the broiler diet showed body weights 2166.07 and 2239.76 g, 

respectively that were significantly more than the control group, so it is clear that the use 

of oils improved the body weight of the broiler birds (Eman et al., 2013, El-Bahra and 

Ahmad 2012 and El-Sayed et al., 2013).  

          According to Starcevic et al., (2014) flaxseed oil has non-significant effect on the 

body weight of the broiler birds. They reported that by using 5% flaxseed oil in the diet of 

broiler showed the weight gain 121.2g/bird/day during the age of 25-55th day which was 

non-significant. Lopez-Ferrer et al.,(1999) reported similar results that the use of oils 

showed non-significant effect on the weight gain of broiler birds. They conducted two 

experiments and reported that by using 8.20% flaxseed oil showed the weight gain in both 

the experiments 51.58 and 42.74g that were statistically non-significant. Non-significant 

results regarding improvement in the body weight have been reported in quail birds also 

by using the vegetable oils in the diet of quail birds (Ebeid et al., 2011). They used two 

different levels 1 and 2% of flaxseed oil in the diet of quail birds and found that body 

weights were 184.08 and 185.09g at the age of 42 days, respectively which differed non 

significantly from the control. 

2.1.3. Feed Conversion Ratio  

        With the use of vegetable oils in the feed of broilers showed significantly better Feed 

Conversion Ratio (FCR) (Goudarzi et al., 2015 and El-Sayed et al., 2013). El-Sayed et 

al., (2013) used 0.50% and 1% Olive oil in the diet of broiler birds and found that 

significantly better FCR 1.78 and 1.67, respectively than the control,.  

          Flaxseed oil has significant effect on FCR of broiler birds as reported by Goudarzi 

et al., (2015). Starcevic et al., (2014) founded that with the use of 5%flaxseed oil in the 

broiler diet showed the 1.82 FCR which was significantly better than the control. Similar 

results were founded by El-Sayed et al., (2013). 

        Use of various vegetable oils showed non-significant response on FCR of broiler 

birds (Starcevic et al., 2014 and El-Bahra and Ahmad; 2012). Ahmad et al., (2013b) used 

two different levels of olive oil that were 1 and 2% and found non-significant effect on 

weekly FCR of broiler birds from both the levels of olive oil.  El-Bahra and Ahmad; 

(2012) used 1 and 2% levels of olive oil in the diet of broiler birds and found non-

significant difference in the FCRs that were 2.09 and 2.11, respectively. 



  

 

 

10 

          Ebeid et al., (2011) conducted a trial on quail birds using two different levels of 

flaxseed oil 1 and 2% and founded non-significant difference in FCR of the birds that 

were 4.55 and 3.92 respectively at the age of 42 days. 

         Use of vegetable oils showed non-significant effect on the feed efficiency of the 

broiler birds Lopez-Ferrer et al., (1999). They conducted two trials by using 8.20% level 

of flaxseed oil and reported the results as 1.48 and 1.66 in both experiments which were 

non-significantly differnt from the control. 

2.2 Immune Booster 

          Use of flaxseed oil and olive oil improved the antibody titre against the Newcastle 

Disease significantly than the control (Goudarzi et al., 2015). They used both the oils 

flaxseed oil and olive oil in the diet of broiler birds and founded significantly better 

response to the antibody against the Newcastle Disease 640 and 721, respectively than the 

control. 

         Olive oil showed significantly better immune response against Sheep Red Blood 

Cells (SRBC) than the control in broiler birds Ahmed et al. (2013b). They used two levels 

of olive oil 1 and 2% and reported significantly better immune response against Sheep 

Red Blood Cells (SRBC) 7.33 and 7.00, respectively than the control. 

          1 and 2% levels of flaxseed oil in the quail birds showed significantly better 

humoral immune response than the control showing the readings 8.33 and 8.00, 

respectively (Ebeid et al., 2011). 

         Ahmed et al., (2013b) conducted an experiment using 1 and 2% olive oil in iso 

caloric diets in broilers and found significantly better immune response against Sheep 

Red Blood Cells (SRBC) that were 7.1 and 7, respectively. 

       Olive oil has significantly better immune response against Sheep Red Blood Cells in 

broilers (El-Bahra and Ahmed 2012). They used 1 and 2% olive oil in the broiler diet and 

reported significantly better immune response against Sheep Red Blood Cells after 7 days 

showing the readings 7.1 and 7.0. Use of different vegetable oils showed significantly 

better immune response (El-Bahra and Ahmed 2012, Ahmed et al; 2013b, Goudarzi et al., 

2015, and Ebeid et al., 2011). 

          Olive oil showed non-significant effect on immune response in broilers El-Bahra 

and Ahmed (2012). They used 1 and 2% olive oil and found non-significant difference in 

immune response against Sheep Red Blood Cells (SRBC) 3.1 and 3.0, respectively 10 

days post sensitization in broilers. 
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Azad et al., (2009) studied the effect of dietary oil seeds on n-3 fatty acid 

enhancement, performance parameters and humoral immune response of broiler chicks. 

Linseed (LS) and canola seed (CS) were used as experimental diets. The result showed 

that by using linseed and canola seed the concentration of omega-3 fatty acids were 

improved in meat but the antibody titer against (SRBC) sheep red blood cells was not 

affected.  

Al-Khalifa et al., (2012) investigated the properties of omega-3 fatty acids on 

immunity in broiler birds. Poultry meat enriched with log chain of polyunsaturated fatty 

acid was consumption of human as a food. The amount of fish oil increasing in diet of 

broiler then ultimately were increased the level of n-3 fatty acid in meat. At the time of 

slaughtering different immune organs (thymus, bursa of fabricius and spleen) were 

collected from every broiler chicken. Immune phenol-typing, cell proliferation and 

phagocytosis were measured. Due to n-3 polyunsaturated fatty acid the size of thymus 

was enhanced but the size of spleen was not affected. There was no improvement through 

fatty acid fortification on immune cell phenotypes of bursa, blood, spleen and thymus. 

The inclusion of fatty acid in the broiler ration did not significantly improve the 

lymphocyte proliferation. In deduction, feeding of omega-3 polyunsaturated fatty acids 

reduction phagocytosis and lymphocyte proliferation in broiler birds, importance the 

essential for the poultry business to deliberate the health standing of poultry industry once 

poultry tissue is presence enhanced with fatty acid. 

2.3 Meat Quality 

An et al., (1997) investigated the effect of feeding different fat sources on lipid 

metabolism of birds. For this purpose four weeks old broiler birds were fed rations 

containing either of the fat sources from sunflower oil, sunflower oil and flaxseed oil, 

palm oil, flaxseed oil and flaxseed oil with fish oil. Cholesterol in liver and serum in the 

broiler birds was found to be significantly reduced due to the use of palm oil as compared 

to the other fat sources. Cholesterol and triglyceride contents in liver were significantly 

decreased in broiler fed rations containing flaxseed oil and fish oil. However, properties 

of serum lecithin cholesterol acyl transferase remained unaffected. The concentration of 

alpha linolenic acid was increased in tissue by feeding linseed oil. The results showed that 

rations having fat enriched with alpha-linolenic acid have significant effects on reducing 

serum lipid concentration. 
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Lopez-Ferrer et al., (1999) conducted two trials to observe the effect of n-3 

enrichment in the chicken meat by using fish oil, rapeseed and linseed oils. A diet 

enriched with 8.2% fish oil (FO) was fed to the birds during the experimental age (5-

weeks), the same basal diet was fed to the birds with 8.2% linseed oil in 1st experiment or 

rapeseed oil in 2nd experiment.  After slaughtering the sensory evaluation of meat and 

greasy acids profile were determined. In fish oil consequences displayed decrease the rate 

of saturated fatty acid and increase the n-6 fatty acid concentration in meat. The quantities 

of long-chain n-3 polyunsaturated fatty acids (PUFA) were significantly down when FO 

was changed. However, exchanging FO by LO resulted in slight effects on total n-3 fatty 

acid due to the rise in linolenic acid. The added of FO by RO resulted in a decrease in the 

n-3 fatty acid quantity, whereas the quantity of monounsaturated fatty acid better in 

straight relation to bigger levels of oleic acid in the feed. 

Esquerr and Leeson (2000) conducted the study to observe the enrichment of 

omega-3 fatty acids and sensory evaluations in different parts of broiler meat. For this 

purpose birds were treated with linseed and menhaden oil. Linolenic acid was specially 

deposited in thigh meat and omega-3 fatty acids in breast meat. The sensory evaluation of 

white meat was not affected through menhaden oil and with combination of menhaden oil 

and linseed oil but the sensory evaluation of dark meat quality was also decreased. 

Treatments with linseed and menhaden oil show that significant results the high amount 

of linolenic acid in breast and thigh muscles, respectively, but the sensory evaluations 

were also affected dark and white meat portion. 

Crespo and Garcia (2001) were carried out an experiment to check the fat 

deposit in the abdomen. For the observation of different fatty acids in the abdomen of 

broiler birds were used different types of fat sources such as flaxseed oil, olive oil, 

sunflower oil and allow fat in broiler ration. The diet with sunflower and flaxseed oils in 

broiler fed were improved the feed efficiency. In thigh muscles fat and cholesterol 

concentration were decreased in flaxseed and sunflower oils as compared to the tallow 

and olive oil. In female’s abdominal fat improved with quantity of fat addition only in 

broiler ration tallow or olive oil; however it continued constant in broiler diet sunflower 

or linseed oil. Muscle fat concentration was reduced for chicken diet tallow and olive oil 

however not significantly. Monounsaturated fatty acids were greater in abdominal fat, 

while polyunsaturated fatty acids were greater in meat fat. These consequences 

recommend that polyunsaturated fatty acids created lesser amount of abdominal fat 

testimony than saturated and monounsaturated fatty acid. 
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Crespo and Garcia (2002) studied the effects of dietary linseed oil on the 

testimony of abdominal fat and fatty acid synthesis in broiler chickens. Sixty female 

broiler chicks were fed with changed four experimental diets (linseed, olive, tallow, 

sunflower oils) at 10% from 28 to 48 days. Results in 1stexperiment indicated higher 

value of fatty acid synthesis in broilers fed the diet with added linseed oil, compared with 

those fed tallow or sunflower oil. In 2ndexperiment, values of liver to dietary fatty acid 

ratios of fatty acids from endogenous synthesis were higher in broilers fed linseed oil and 

the basal diet. In both experiments supplementation of linseed oil showed that the lower 

abdominal and body fat deposition as compared to other fat sources. 

Rymer and Givens (2005) studied the effect of polyunsaturated fatty acid 

improvement in the muscle of broiler and turkey birds. Human were eating the greater 

amount of fatty acid and polyunsaturated fatty acid through diet every day. But these 

things were consumed through meat of different sources such as poultry, beef etc. The 

amount of alpha-linolenic acid in the eatable muscles of poultry birds was improved by 

enhancing the contents of alpha-linolenic acid in birds' ration. The content of 

eicosapentaenoic acid in breast and thigh meat was increased by improving the 

supplementation of eicosapentaenoic acid in birds ration. While adding the broiler ration 

with comparatively great amount of docosahexaenoic acid does effect in enhancing the 

amount of docosahexaenoic acid in meat, the connection between ration and meat amount 

of docosahexaenoic acid is greatly weaker than that experiment with alpha-linolenic acid 

and eicosapentaenoic acid. The effect of changing the fatty acid arrangement of eatable 

poultry meat may have on the organoleptic and packing abilities of layer broiler products 

is also measured. 

Rymer and Givens (2006) investigated the effect of n-3 polyunsaturated fatty 

acids on poultry species (broiler chicken and turkey) and genotype. Different type of 

rations with different amount of flaxseed oil, fish oil and blended vegetable oil were fed 

to the broiler and turkey birds. Breast, thigh meat and ration were examined for the fatty 

acids contents. Between genotypes were not significant changes. White meat of turkey 

was greater receptive as compared to broiler white meat.  There was no connection 

between nutritional alpha-linolenic acid content and meat eicosapentaenoic acid and 

docosahexaenoic acid substances. If poultry birds do change alpha-linolenic acid to 

greater fatty acid, but these acids are not dumped in the eatable muscles. 
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Haug et al., (2007) investigated the effect of selenium and n-3 fatty acids in the 

broiler meat and growth performance of broiler. Characteristics of broiler meat are 

enhancing, and the meat texture of selenium and n-3 fatty acids are disturb by the 

arrangement of broiler birds ration. The sensory evaluation and composition of omega-3 

fatty acids were observed in muscles. So that, four types of ration were used with 

different concentration of oils i.e. flaxseed oil, rapeseed oil and selenium for broiler 

chicken. The variation in feeding managements provide different amount of selenium and 

fatty acids profile in dark meat and flaxseed oil in the broiler feeding were enhance the 

amount of n-3 fatty acids alpha-lenolenic acid, eicosapentaenoic acid and 

docosahexaenoic acid. The great amount of selenium was in broiler diet and also 

improved content of n-3 fatty acids profile in different parts of meat. 

Ferrini et al., (2008) conducted the experiment to assess the effect of dietary 

polyunsaturated fat which decreases the skin fat and abdominal fat in female broiler birds. 

Different type of rations were used in which they have sunflower oil (linoleic acid), 

flaxseed oil (linolenic acid), sunflower oil (oleic acid) and tallow fat that restricted one 

third polyunsaturated fatty acids, monounsaturated fatty acids and saturated fatty acid in 

each. At the end of the trail birds were slaughtered to measure the abdominal fat, fatty 

acid profile and skin fat. Flaxseed oil (linolenic acid) had significantly decreased skin fat 

as compared to the saturated fatty acids. The addition of fat produced better but similar 

variations in fatty acid profile. The result showed that the use of linolenic acid decreased 

the abdominal fat and skin fat as compared to the linoleic acid in female broiler birds. 

Zelenka et al., (2008) compared two varieties of linseed namely Atalante and 

Lola having different concentrations of α-linolenic and linolenic acid on the performance 

and on chicken meat quality. The one hundred ninety male broilers were divided in to 16 

experimental groups of birds having twelve chicks in each. At 25-40 days of period the 

feed mixture containing 1%, 3%, 5% and 7% of linseed oil were fed to the birds. By 

increasing the linseed oil in the diet the content of n-3 polyunsaturated fatty acids were 

increased in poultry meat. 

Febel et al., (2008) investigated the effect of n-3 fatty acids on body growth, 

composition of fat in body and antioxidant factors in broiler chicken.  Male broiler birds 

were kept and fed different fat sources i.e. flaxseed oil, control, soybean oil and sunflower 

oil. Feed consumption and body growth were not significantly affected on broiler. Fatty 

acid arrangement decreased the glutathione amount, erythrocyte and liver traits. Flaxseed 
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oil was significantly maintain the antioxidant and increase plasma level. Flaxseed oil 

significantly increases the concentration of alpha-linolenic acid, eicosapentaenoic acid 

and docosahexaenoic acid in muscles as compared to control, soybean oil and sunflower 

oil. Eicosapentaenoic acid and docosahexaenoic acid significantly enhance the plasma 

radical and oxidant damage. 

Treu et al., (2009) studied six vegetable oils including soybean oil, rapeseed oil, 

sunflower oil, flaxseed oil, olive oil and primrose oils that have major content of fatty 

acids. A total ninety day-old male broiler chicks were divided into six treatment groups. 

The vegetable oils have different concentration of oleic acid, linoleic acid and α-linolenic 

acid present in different oils. It was observed that concentration of α-linolenic acid in 

breast and thigh muscles of broilers were improved by flaxseed oil feeding. 

Betti et al., (2009) carried out a trail on the use of omega-3 fatty acid to reduce 

the risk of heart diseases in human. Linseed is a better source to enhance the omega-3 

polyunsaturated fatty acid in broiler meat especialy alpha-linolenic acid. Before the 

slaughtering of birds linseed rations were offered to broiler. In the linseed has high 

concentration of omega-3 fatty acids because about 51-55% of total fatty acid content is 

omega-3 fatty acid. The linseed affects the meat quality. Imperviousness to oxidation 

improved in both white meat and red meat with the use of linseed diet. Use of linseed diet 

significantly affected the color features, juiciness, and oxidative stability of broiler 

chicken meat. 

Ebeid et al; 2011 conducted an experiment in which they used two different levels of 

flaxseed oil that were 1 and 2% in quail birds and founded that linoleinic acid and oleic 

acid enriched significantly in the meat. By the use of 1% flaxseed oil the enrichment of 

linoleinic acid and oleic acid were higher significantly which were 16.12% and 16.57% 

respectively while with the use of 2% flaxseed oil the level of linoleinic acid and oleic 

acid were higher significantly that were 16.53% and 19.64% respectively in the meat. 

2.4 Carcass Characteristics 

      Studies showed that fish oil and flaxseed oil showed significant improvement in 

carcass weight, dressing percentage and relative weights of heart, liver. Gizzard, thigh 

and breast Hazim et al., (2011).  

         Lee et al. (1991) conducted two experiments in which full-fat canola and flax seed 

and their mixture, each at a level of 10%, were fed to the broilers for period of six weeks. 

In the first experiment, the inclusion of full-fat linseed depressed body weight, feed 
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conversion ratio (FCR) and dietary metabolizable energy (ME) while the flax meal plus 

flax oil containing diets gave responses similar to the canola meal diets. In the second 

experiment, male broilers were fed raw full-fat seeds or mixtures of the meals with canola 

oil or animal tallow, added at 10% and 20% to the diets. Heat treatment to the meals did 

not significantly affect the performance of broilers. Diets containing 10 or 20% full-fat 

canola, or canola meal plus oil mixtures resulted in similar body weight, feed conversion 

ratio and carcass yield as that of soybean meal and control diet. 

Ajuyah et al. (1991) conducted an experiment in which broilers were fed eight 

experimental diets containing two level (10 or 20%) of full-fat flax seed (FFS) or full-fat 

canola seed (FCS) or two levels (3.5 and 7.0%) of canola oil (CO) in combination with 

either 6.5 % flax meal (FM) and 13 % canola meal (CM); the corn soybean diet serve as 

control. Carcass yield and white and dark chicken meats were evaluated at the end of a 6 

week of the trial. The 20% FFS diet produced significantly lower live, breast, leg and 

neck weights but of feeding 20% FFS, 20% CO + CM and 10%, FCS decreased the breast 

meat yield. Birds fed flax seeds contained less fat in white and dark meat than the birds 

fed canola. The Addition of FFS or 13% FM to the diet resulted in significantly reduced 

carcass fat. These trends suggest that dietary FFS could affect total carcass fat. 

Pekel et al. (2009) evaluated dietary linseed with or without supplemental copper for 

broiler performance and processing yield. A considerable interaction between dietary 

ingredients and copper supplementation was found on carcass, breast and thigh weight. 

Witt et al., (2009) conducted the study to observe deposition of fat sources in different 

parts of the body i.e. breast meat and dressing percentages in male broiler chicken. For 

this purpose four different types of isocaloric and isonitrogenous rations were formulated 

in which fish oil, olive oil, sunflower oil and tallow @ 60 gm / kg. At the end of the trail 

three birds were selected randomly, weighed and slaughtered. The treatment having sixty 

(60) gm per kg tallow fat showed the better quality of dressing percentage, white tissue 

yield and weight than other treatments. These findings advised that feeding lipid contents 

could be used to improve the carcass quality. 

Mridula et al., (2011) conducted a study to see the effect of linseed meal on 

carcass characteristics, meat characteristics in broilers. Broiler bird were further allotted 

four groups and fed with 0%, 5%, 10% and 15% of linseed meal. First two weeks linseed 

meal did not showed any effect on body weight but after two week reduction in weekly 

body weight was observed. At the end of the experiment 8% reduction in body weight 

was seen in group 15% linseed meal as compared to control. Control unit showed the 
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significantly higher body weight with better protein ratio, feed consumption, feed 

conversion ratio and energy ratio than linseed meal units. Alpha linolenic acid content in 

thigh and breast muscles were higher without any effect on sensory evaluation of meat. 

Linseed meal used in broiler ration at 10% which increased the linolenic acid profile in 

breast and thigh meat.    

Hazim et al., (2011) investigated the effect of different fat sources on carcass 

characteristics in Japanese quail (Coturnix coturnix japonica). For this purpose male and 

female quails were kept in four groups. 3% level of various oil (Flax oil, fish oil, 

sunflower oil and corn oil) were used in there rations. Live weight was measured when 

the broilers at the time of slaughtering. After slaughtering the carcass weight, dressing 

percentage, and carcass characteristics were also measured. Fish and linseed oil 

significantly improved the live weight, carcass quality and dressing percentage with and 

without giblet weight. Generally, the results revealed that addition of fish and linseed oils 

in the ration of Japanese quails have significant effect on meat quality. Therefore, fish and 

linseed oils could be better sources to improve the meat quality of quails. 

Nobakht et al. (2011) studied the effect of different sources and levels of 

vegetable oils on performance in broiler chicks. In the experiment, 336 day-old broilers 

(Ros-308 strain) were reared for 42 days with 8 treatments. Different oil level were fed to 

the treatment groups i.e. Tl (control group), T2 (diet with 4% sunflower oil), T3 (diet with 

4% canola oil), T4 (diet with 4% soybean oil), T5 (diet with 2% sunflower oil + 2% 

canola oil), T6 (diet with 2% sunflower oil + 2% soybean oil), T7 (diet with 2% canola + 

2% soybean oil) and T8 (diet with 1.33 % sunflower oil + 1.33 % canola oil + 1.33% 

soybean oil). The results of the study indicated that inclusion of different sources and 

levels of oils significantly improved the carcass quality of broilers. 

2.5 Gut Parameters 

Ebeid et al., (2011) studied the effect of different ration supplementation of n-3 

fatty acids on immune system, meat characteristics, lipid profile, tibia quality and 

performance of Japanese quail. Three hundred Japanese quail at day old and were divided 

into five treatment groups containing different oils sources used such as fish oil, flaxseed 

oil and combination of flaxseed and fish oils.  Feed consumption, body weight gains, 

serum cholesterol, physical features, chemical configuration and lipid profile were also 

determined in poultry meat especially in white meat. Positive effect on live body weight, 

feed intake and physical appearances were also determined on meat. Group containing 
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flaxseed oil ration significantly improve the antibody titre against different diseases. 

However, it can be concluded that inclusion of n-3 polyunsaturated fatty acids in feed at 

reasonable level enhance the n-3 polyunsaturated fatty acids concentration in meat, 

enhanced the anti-oxidative quality, decreased lipid peroxidation, improve the antibody 

titer, bone morphological features and did not have any negative  influence on physical 

appearances of meat and growth rate in Japanese quail. 

2.6 Blood Parameters 

      Use of vegetable oils effects the triglycerides and HDL levels in the blood of broiler 

birds significantly El-Sayed et al., (2013). They used 1% olive oil in the diet of broiler 

birds and founded that the levels of triglycerides and HDL were significantly lower that 

were 50.25 and 79.32 mg/dl respectively than the control. 

       Use of flaxseed oil showed non-significant effect on the triglycerides, total 

cholesterol, HDL and LDL levels in the blood of broiler birds Starcevic et al., (2014). 

They used 5% flaxseed oil in the diet of broilers and reported non-significant effect on the 

blood parameters such as triglycrides, total cholesterol, HDL and LDL which were 0.62, 

2.36, 1.97 and 0.25 mmol/l respectively. Same results about LDL have been reported by 

El-Sayed et al., (2013) they reported that the use of 0.50% olive oil in the diet of broiler 

birds showed non-significant effect showing the reading 40.13mg/dl. 

          El-Sayed et al., (2013) used 1% olive oil in the diet of broiler birds and reported 

that level of LDL in the blood were 38.83mg/dl which differ non significantly than the 

control. They also reported that 1% olive oil has non-significant effect on the cholesterol 

level in the blood of broiler.    

Hood (1991) investigated the effect of tuna oil on blood lipid profile and 

production of hepatic cholesterol in Japanese quails. Different types of fat sources such as 

beef fat, safflower oil and flaxseed oil were used in the experimental rations. The results 

of the study showed that tuna oil decreased the amount of serum triglyceride as compared 

to beef fat and safflower oil. It might be due to higher n-3 fatty acid concentration in the 

ration due to the presence of linseed oil than its counterparts.          

An et al., (1997) investigated the effect of feeding different fat sources on lipid 

metabolism of birds. For this purpose four weeks old broiler birds were fed rations 

containing either of the fat sources from sunflower oil, sunflower oil and flaxseed oil, 

palm oil, flaxseed oil and flaxseed oil with fish oil. Cholesterol in liver and serum in the 

broiler birds were found to be significantly reduced due to the use of palm oil as 
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compared to the other fat sources. Cholesterol and triglyceride contents in liver were 

significantly decreased in broiler fed rations containing flaxseed oil and fish oil. 

However, properties of serum cholesterol were remained unaffected. The concentration of 

alpha linolenic acid was increased in tissue due to the feeding of linseed oil. The results 

showed that rations having fat enriched with alpha-linolenic acid have significant effects 

on reducing serum lipid concentration. 

Crespo and Garcia (2001) carried out an experiment to check the abdominal fat 

deposition. For this purpose different fatty acids were used were used from different types 

of fat sources such as flaxseed oil, olive oil, sunflower oil and tallow fat in broiler ration. 

The diet with sunflower and flaxseed oils in broiler improved the feed efficiency. In thigh 

muscles fat and cholesterol concentration were decreased by flaxseed and sunflower oils 

as compared to the tallow and olive oil. In female’s abdominal fat increased with quantity 

of fat addition only in broiler fed with rations tallow or olive oil; however muscle fat 

concentration was reduced non significantly in the broiler chicken fed with the diets 

having tallow and olive oil. Monounsaturated fatty acids were higher in abdominal fat, 

while polyunsaturated fatty acids were higher in meat fat. So it can be recommended that 

polyunsaturated fatty acid reduces the amount of abdominal fat than saturated and 

monounsaturated fatty acid. 

Crespo and Garcia (2003) conducted the experiment to check the effect of 

different type of fat sources on the serum cholesterol, insulin and low density lipoprotein 

in female broiler birds. In this trail 10% fat were used in the broiler ration. With four 

types of fat sources the amount of glucose was not affected but serum cholesterol, insulin 

and low density lipoprotein were affected by using the fat. The use of flaxseed and 

sunflower oil in broiler ration were decreased the level of serum cholesterol and insulin 

than basal, tallow or olive oil ration but also decreased the concentration of low density 

lipoprotein. The intensities of low density lipoprotein were significantly related with 

abdominal fat in broiler birds. Findings of this trial recommended that higher value of 

insulin in broiler chicken ration rich in saturated fatty acids could be correlated to greater 

fat deposition. Flaxseed oil ration decreased the low density lipoprotein as compared to 

the ration of tallow, olive oil, or basal diet, the relationship with abdominal fat advises 

that in these broilers, fat deposition is more dependent on low density lipoprotein, instead 

of the dietary fat.  
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           Ahmad (2010) conducted the experiment to observe the effects of linseed oil and 

vitamin A on serum triglycerides (TG), serum total cholesterol, HDL and LDL 

cholesterol in laying hens. The levels of high density lipoprotein (HDL) in hens were 

improved and the low density lipoprotein (LDL) reduced with the improved level of 

linseed oil in the diet. The highest value of (HDL) was observed in that group having 

linseed oil concentration 4% in the diet. 

Navidshad et al., (2010) investigated the effect of linseed oil and soybean oil on 

high density lipoprotein, low density lipoprotein and abdominal fat in broiler birds. The 

ration containing fish and soybean oil were fed to broiler. Fish oil showed decreased body 

weight and abdominal fat percentage also decreased through fish and soybean oil as 

compared to control group. The amount of high density lipoprotein was increased through 

fish oil ration than other ration and low density lipoprotein was also decreased. 

Abdominal fat percentage was definitely correlated with triglyceride, glucose, high 

density lipoprotein, low density lipoprotein. Results showed that the use of fish oil used in 

the ration, reduce the abdominal fat percentage. 

Kristensen et al., 2012 conducted the experiment to access the effect of linseed on 

cholesterol level in the broilers. They found that linseed has better effect on cholesterol 

level. Cholesterol level reduced due to feeding diets having linseed. Linseed also reduces 

the low density lipoprotein and improved the meat quality. Linseed is the better source of 

good quality fiber that effect the diseases. As linseed reduced the cholesterol, LDL and 

improved the fatty acid profile of the meat which ultimately improved the human health. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 This project was executed at the Poultry Research Center, Department of Poultry 

Science, University of Agriculture, Faisalabad, Pakistan. Olive, black and flax seeds were 

purchased from local market and were properly identified by oilseed expert at University 

of Agriculture, Faisalabad. After verification of the oilseeds local expeller was contacted 

for oil extraction through expeller process. The research work was done in three 

independent trials. 

Experimental rooms in all trials were thoroughly cleaned, white washed, 

disinfected and fumigated before the arrival of chicks. Each experimental unit was kept in 

a separate pen having similar floor space and environmental conditions like temperature, 

relative humidity, ventilation and light etc. Fresh and clean water was offered ad libitum 

to all experimental units all the time. All birds were vaccinated according to 

recommended vaccination schedule (Table 3.1). 

Table 3.1: Vaccination Schedule 

Age (day) Vaccine Method of administration 

7 Newcastle Disease (Lasota) Eye drop 

12 Infectious Bursal Disease (Bur-706) Eye drop 

22 Newcastle Disease (Lasota) Drinking water 

25 Infectious Bursal Disease (Bur-706) Drinking water 

 

3.1 Trial 1: Effect of Supplementing Olive, Blackseed and Flaxseed Oil on 

Growth Performance and Hematology of Broilers 

Specific objective of the trial was to investigate the effect of olive, black and flax 

seed oils on growth performance and hematological profile of broiler chicks. Three 

hundred broiler chicks were purchased from hatchery and were divided into thirty 

experimental units (replicates) having ten chicks each. These units were randomly 

allocated to 10 treatment groups and each treatment group had 3 replicates. Treatments 

were started from day 1 to 35th day of the experimental period. Commercial feed was used 

with or without supplementation of olive, black and flax seed oils. Feeding plan of each 

treatment group is shown in Table 3.2.  
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Table 3.2: Experiment Layout 

Treatment Feeding Plan 

A1 Commercial Ration + 0.5% olive oil  

A2 Commercial Ration + 1% olive oil  

A3 Commercial Ration + 1.5% olive oil  

B1 Commercial Ration + 0.5% blackseed oil 

B2 Commercial Ration + 1% blackseed oil 

B3 Commercial Ration + 1.5% blackseed oil 

C1 Commercial Ration + 0.5% flaxseed oil 

C2 Commercial Ration + 1.0% flaxseed oil 

C3 Commercial Ration + 1.5% flaxseed oil 

D1 (Control) Commercial Ration + No supplementation 

D2 (Control) Commercial Ration + No supplementation 

D3 (Control) Commercial Ration + No supplementation 

 

3.2.1. Following data were collected from each experimental unit. 

The chemical composition of commercial broiler starter and finisher rations is 

shown in Table 3.3. Body weights of the all individual birds were recorded on first day 

and every week thereafter. Growth rate and feed consumption of each group were 

recorded on weekly basis. Feed conversion ratio (FCR) was calculated for each 

experimental unit on weekly basis. 

                                                            Feed intake (g) 

              Feed Conversion ratio=         ------------------- 

                                                            Weight Gain (g)    

 Antibody titre against Newcastle Disease and Infectious Bursal Disease were 

estimated from serum samples collected on day 32nd and 35th day, using methods 

described by MAFF (1984) and Cullen and Wyet (1975), respectively. 
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Table 3.3: Chemical Composition of Broiler Starter and Finisher Rations 

Nutrient Composition Starter Ration Finisher Ration 

CP (%) 19.25 18 

ME kcal/kg 2800 2925 

CF (%) 5.5 5.5 

Ash (%) 6.9 6.25 

Available Phosphorus (%) 0.44 0.42 

Ca (%) 1.05 1.00 

Lysine (%) 1.15 1.05 

Methionine (%) 0.52 0.50 

 

At the end of experiment three birds were randomly slaughtered to calculate dressing 

percentage and for taking weights of different organs such as liver, gizzard, heart, lungs, 

kidney and glands like spleen, pancreas, bursa, thymus, adrenal and pituitary.  

3.2.1.1. Serum Sample Preparation: 

 Blood samples were collected from brachial vein of birds in 5 ml sterilized 

disposable syringes and placed at room temperature in upright tilted position for blood 

clotting. The syringes were placed in the same position in refrigerator for shrinkage of 

clot to increase harvesting of the serum. The serum were taken in 1.5 ml labeled 

Eppendorf tubes and were frozen (-20 °C) till analysis. 

Serum triglycerides, serum cholesterol, low density lipoprotein and high density 

lipoprotein were estimated from samples collected at the end of the experiment on 

MICROLAB 300 and TECHNO-786 using reagents from HUMAN & MERCK (Schettler 

and Nussel, 1975), respectively. 

 Serum cholesterol concentration was determined after enzymatic (esterase) 

hydrolysis and oxidation. The end products were cholesterol and fatty acids. By the action 

of oxidase enzyme it was converted into cholestene-3,1 and hydrogen peroxide. The 

indicator quinoneimine was formed from hydrogen peroxide and 4-aminoantipyrine in the 

presence of phenol and peroxides. 

Enzymic endpoint of Randox Kit was used for the estimation of cholesterol. Pipetted out, 

10 µl standard solution into standard tube and 10 µl of serum sample in another sample 
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tube. Thereafter, added 1000 µl of reagent in standard blank and sample tube. The tubes 

were shaken and incubated for 25 minute at 25°C. Absorbance of standard and samples 

were measured at 500 nm wavelength using spectrophotometer model Meterek Sp-851. 

Calculation was performed as under: 

Conc. of Cholesterol (
mg

dl
) =

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 sample

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 standard
× Conc. 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

3.2.1.2. Serum triglycerides 

Serum triglycerides were determined by enzymatic GPO-Pap method by using kit 

manufactured by Human. The principle is determination of triglycerides after enzymatic 

hydrolysis with lipases. Indicator is quinoneimine formed from hydrogen peroxide. 4-

amino antipyrine and 4-cholrophenol under the catalytic influence  

Triglycerides
𝐿𝑖𝑝𝑎𝑠𝑒𝑠
→     Glycerol +  fatty acid     

Glycerol +  ATP
𝐺𝐾
→ Glycerol 3 Phosphate + ADP  

Glycerol3 Phosphate + O2 
𝐺𝑃𝑂
→  dihydroxyacetone phosphate + H2O2   

H2O2 + 4 − aminoantipyrine
𝑃𝑂𝐷
→  quinoneimine + HCl + 2H2O + 4 

chlorophenol 

Micro lab 300 made by Merck international was used at wave length 500nm, Hg 546nm 

 

Mixed the contents and incubated these for 10 minutes at 20-25°C or for 5 minutes at 

37°C measured the absorbance of the sample (∆𝐴 sample) and the standard  

Calculation of triglycerides concentration;  

C (mg/dl)   =  200x
∆𝐴sampe

∆𝐴 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 or  

       

C (mMol/L) = 2.28 x
∆𝐴sampe

∆𝐴 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
  

3.2.1.3. HDL cholesterol      

HDL cholesterol was determined by enzymatic CHOD-PAP method (Schettler 

and Nussel, 1975) by using the kit manufactured by Diagnostic System International 

(DiaSys). Chylomicrons, VLDL (Very low density lipoproteins) and LDL were 

precipitated by adding Phosphotungstic acid and Magnesium ions to the sample, 

centrifugation left only the HDL in the supernatant, their cholesterol contents were 

determined enzymatically. 
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 Mixed well, allowed to stand for 1 minute at room temperature and centrifuged for 

2 minutes at 10000 g. after centrifugation. Separated the clear supernatant from the 

precipitate within one hour and determined the cholesterol concentration using the DiaSys 

(Diagnostic systems) cholesterol FS reagent.  

a. Calculation of HDL cholesterol 

 Cholesterol calibrator of DiaSystem (content 200mg/dl or 5.2mMol/L was used 

like a sample in the precipitation step 

 HDL cholesterol (mg/dl) =
∆𝐀 𝐬𝐚𝐦𝐩𝐥𝐞

∆𝐀 𝐬𝐭𝐚𝐧𝐝𝐚𝐫𝐝
 × 𝐂𝐨𝐧𝐜. 𝐒𝐭𝐝 (

𝐦𝐠

𝐝𝐥
) 

b. Calculation of LDL cholesterol 

 LDL cholesterol was determined by calculation method with the help of Friede 

wald et al. (1972) formula: 

 LDL cholesterol (mg/dl) = (
𝐓𝐫𝐢𝐠𝐥𝐲𝐜𝐞𝐫𝐢𝐝𝐞

𝟓
+ 𝐇𝐃𝐋) − 𝐜𝐡𝐨𝐥𝐞𝐬𝐭𝐞𝐫𝐨𝐥 

3.3. TRIAL 2: EFFECT OF SUPPLEMENTING OLIVE, BLACK SEED AND 

FLAXSEED OILS AS IMMUNE BOOSTER. 

The trial was conducted to check the effect of olive, black, and flax seed oils on 

cellular immune response, humoral immune response and titre against ND and IBD. 

Three hundred broiler chicks were purchased from hatchery and were divided into thirty 

experimental units (replicates) having ten chicks each. These units were randomly 

allocated to 10 treatment groups and each treatment group will have 3 replicates. 

Treatments were started from day 1 to 35th day of the experimental period. Commercial 

feed was used with or without supplementation of olive, black and flax seed oils. Feeding 

plan of each treatment group is shown in Table 3.2. The experimental units were 

vaccinated according to the vaccination schedule given in Table 3.1. Weekly data on 

body weight, growth rate and feed consumption of each group were recorded on weekly 

basis and feed conversion ratio was calculated. Mortality if any during the trial were 

recorded.  

3.3.1. Cell mediated immune response: 

At the age of 21 days intradermal injection of 100 μg of phytohemagglutinin-P 

(PHA-P) @ 0.1 ml in normal saline were made in three marked birds from each 
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experimental unit, between third and fourth digits of left foot while 0.1 ml normal saline 

were injected in the right foot as control. Measurements of toe web skin thickness were 

made with the help of a pressure sensitive micrometer screw gauge  just prior to and 24, 

48 and 72 hours after the injection with PHA-P and normal saline on both feet were done 

to assess cell mediated immune response. 

Lymphoproliferative response to PHA-P was calculated by using the formula as below. 

Lymphoproliferative response = (PHA-P response, left foot) – (PBS response, right foot)  

(Corrier, 1990). 

3.3.2. Humoral Response:  

5% Sheep Red Blood Cells @ 0.1 ml were injected intravenously in six birds 

marked with blue color from each experimental unit at the age of 14 days. After seven 

days serum samples were taken from these blue marked birds and 5% Sheep Red Blood 

Cells @ 0.1 ml were again injected intravenously as a booster dose in three birds out of 

six blue marked birds. These three birds were marked with red color. At 28th day of age 

serum samples were taken both from blue marked and red marked birds from each 

experimental unit. At 35th day of age second serum samples were taken from red marked 

birds as nonpathogenic antigen to study immune response of the birds. Haemagglutination 

test was performed on all serum samples (Yamamoto and Glick, 1982). 

3.3.1.1. Antibody Response to sheep red blood cells (SRBCs) 

Sheep red blood cells were used as T-dependent antigen to demonstrate the antibody 

response. 

a. Preparation of Sheep red blood cells 

I: Blood sample (5ml) was taken from healthy sheep maintained by Department of 

Livestock Management, University of Agriculture, Faisalabad, through jugular vein in a 

sterile tube containing anti-coagulant EDTA (10mg/5ml). 

 II: Blood collected was centrifuge at 314g for 15 minutes. 

III: Packed RBCs were separated by pipetting out the plasma and buffy coat layer. 

IV: Pelleted RBCs were washed thrice with phosphate buffered saline. 

V: Concentration of washed RBCs was adjusted to 5% v/v solution with phosphate 

buffered saline. 

b. Haemagglutination test  

Anti-SRBC antibody titres were detected by using Microplate Haemagglutination test 

according to the method of Yamamoto and Glick (1982). 
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Test procedure 

i. A 50 µl phosphate buffered saline was added in each well of the micro 

titration plate. 

ii. A 50 µl of test sera was added in first well and after proper mixing again 50 µl 

was taken out from 1st well and transferred to next one and so on up to 11th 

well to make the two fold serial dilutions as 1:2, 1:4, 1:8,……….1:2048 

whereas last well was kept as control. 

iii. Then, 50 µl suspensions of 5% sheep red blood cells was added in each well 

of the micro titration plate and mixed gently. 

iv. The plates were incubated at 25° C for half an hour and results were recorded. 

v. The titre of the well containing 50% agglutination and 50% reticulum settling 

(clumping) was considered as the total anti-SRBC antibody titre of the sera. 

vi. Same protocol was adopted for IgG titres but in the first step  50 µl of 0.01M 

2-mercaptoethanol (Riedel Haen, Germany) was added in phosphate buffer 

saline in each well that destroyed the immunoglobulin and the remaining titre 

was if IgG. 

vii. IgM titre was calculated by subtracting the IgG titre from total antibody titre 

of respective samples. 

viii. Results were expressed in terms of Geometric mean titre. 

3.3.1.2. ND and IBD titre test: 

Six birds at day old age were slaughtered to get serum samples, after this weekly 

serum samples of three birds from each experimental unit were taken to estimate the titre 

against Newcastle Disease (MAFF, 1984) and Infectious Bursal Disease (Cullen and 

Wyet, 1975).  

a. Haemagglutination Inhibition Test for ND Titer: 

Haemagglutination inhibition (H1) titer of each serum sample was determined 

as described below. 

1 Immunoplates (8 rows and 12 columns of round wells) were used. With the help 

of multichannel micro diluter, all the wells of the plate were filled with 50 µL of 

the normal saline solution. 

2 Serum sample (50 µL) was placed in the first well of the row A. Similarly,50 µL 
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of each of serum sample number 2,3,4,5,6,7 and 8 was added to first well of row 

B,C,D,E,F,G and H, respectively. 

3 With the help of multichannel micro diluter two fold serial dilution were made, 

the mixture in the first well of each row was mixed and 50 µL of that was 

transferred to 2
nd 

well of the respective rows thus diluting each sample as 1:4. 

This procedure was repeated until the 10
th 

well and at the end 50 µL was discarded. 

4 The ND virus antigen (50 µL of 4 HA Unit) was added to each well from 1 to 11 

of each row. The plate was incubated at room temperature (25º C) for 30 minutes. 

5 Washed suspension of chicken RBC (50 µL of 0.5 percent suspension) was added 

into each well of the plate from well 1 to 12 of each row. 

6 The plate was agitated to ensure even suspension of the erythrocytes in the 

mixture. 

7 The plate was kept undisturbed at room temperature until a clear pattern of 

haemagglutination or haemagglutination inhibition (button formation) was seen. 

8 The highest dilution of each serum sample causing 50% inhibition of 

haemagglutination was taken as end point. The H1 titer of each serum sample 

was expressed as reciprocal of the serum dilution. 

b. Determination of Antibody Titers Against IBDV: 

Antibody titers against IBDV were measured by indirect Haemagglutination 

(IHA) as follows: 

i. Principle: 

Antigen which cannot agglutinate RBCs due to lack of haemagglutins (e.g. Virus 

of Infectious Bursal Disease and HPS), are artificially coated or attached with the RBC
,
s 

by a process called sensitization of RBC’s. 

ii. Washing of erythrocytes: 

5.0 ml of human blood group O-ve was collected aseptically in a disposable 
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syringe and was transferred to a glass tube containing 1 ml of 4% sodium citrate. The 

blood was centrifuged at 1500 RPM for 5 minutes. The plasma and buff coat were 

removed while packed erythrocytes were resupended in sterile phosphate buffered saline 

(PBS). The erythrocytes were given three subsequent washings. The packed erythrocytes 

were used for sensitization with antigen. 

iii. Sensitization of Erythrocytes: 

An amount of 1 ml of packed erythrocytes was mixed with 2 ml of antigen and 2 

ml of phosphate buffered saline. The contents were thoroughly mixed and kept at 37 °C 

for an hour. The treated erythrocytes were washed three times in PBS to wash out 

excessive antigen. Finally, the packed erythrocytes sensitized with antigen were used at 

one percent concentration for conduction of Indirect Haemagglutination (IHA) test. 

iv. Inactivation of Serum Samples: 

All the serum samples were inactivated in a water bath at a temperature of 56 °C 

for 30 minutes.  Then the inactivated serum samples were subjected to IHA test for 

determination of antibody titers against IBDV. 

v. Procedure for IHA: 

The test was carried out in 96 well round bottom micro titration plates. Eight 

serum samples were titrated in each plate. All wells were dispensed with 50 µL of PBS 

using micropipette then 50 µl of each test serum was added in first well of each row. 

After 3 times mixing of the sample in first well, 50 µL was transferred from first 

well to the second well of the row. Likewise, serial transfer of the serum dilutions was 

maintained to the last well, discarding 50 µL from the last well. Thus, two fold serial 

dilutions of the test sera were made as 1:2, 1:4, and 1:8 up to 1:1024 dilution of each test 

serum. The last two columns (11
th 

and 12
th

) were maintained as positive and negative 

controls. The wells of column 11
th 

and 12
th 

were dispensed respectively with 50 µl of 

known positive and known negative anti- IBD serum. After diluting the serum samples, 

50 µL of sensitized human group O, RBC’s (1%) were dispensed in each well. The plates 

were gently tapped to ensure even dispersion of erythrocytes and were kept at 37° C for 

30 minutes. Degree of agglutination in each row was recorded. 
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vi. Interpretation: 

The IHA antibody titer of each serum sample was recorded as the reciprocal of its 

end- point dilution. Thus, the IHA antibody tires of all serum samples were recorded. 

vii. Positive Test: 

The serum samples that caused a distinct erythrocyte agglutination resulting in 

characteristic reticulum settling of erythrocytes throughout the bottom of the well were 

considered positive and the end point dilution was recorded. 

viii. Negative Test: 

The samples showing peculiar central button-shaped settling of erythrocytes were 

considered as negative. 

3.4. Trial 3: Effect of Supplementing Olive, Black Seed and Flaxseed Oil on Gut 

Function and Meat Quality of Broilers. 

During third trial 210 chicks at day old age were kept and were divided into 

twenty one experimental units having ten chicks each. There were seven treatment groups 

in this trial. Group A, B and C were provided the best levels (which performed better in 

previous two trials that were olive oil 1.0%, black seed oil 0.5% and from flax seed oil 

0.5%) of olive, black seed and flax seed oils, respectively. While, in group D, E and F the 

blend 0.5%, blend 1.0% and blend 1.5% were provided respectively. Whereas, the 

composition of blend was 50% olive oil + 25% black seed oil + 25% flax seed oil, while 

group G served as control (without oil supplementation). There were three replicates for 

each treatment. Weekly body weight, growth rate and feed consumption of each group 

were recorded to calculate feed conversion ratio (FCR).  

3.4.1. Gut Parameters:  

At the end of trial, three birds from each replicate were randomly picked up, 

individually weighed and slaughtered for the following data. 

a. Intestinal weight 

b. Intestinal length 

c. Intestinal histomorphology (villi dimension of mucosa layer, villus surface area 

and height, crypt depth) by the method described by Bancroft and Stevens (1990).  

d. pH of gizzard, duodenum, jejunum and ileum were determined by the method 
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described by Al-Natour and Alshawabkeh (2005). 

3.4.1.1. Procedure for Intestinal Histomorphology 

For intestinal histomorphology analysis, samples from distal portion of 

duodenum, jejunum and ilium were collected from slaughtered birds and fixed in 10% 

buffered formalin saline. These intestinal segments were dehydrated by immersing 

through a series of alcohols of increasing concentrations (from 70% to absolute), 

infiltrated with xylene and embedded in paraffin wax. A microtome was used to make 

cuts of 5µm which were mounted on glass slides and stained with hematoxyline eosin. 

The values were measured using a light microscope (Bancroft and Stevens, 1990).    

3.4.2. Meat Quality:  

At the end of trial, three birds from each replicate were randomly picked up, 

individually weighed and slaughtered for the following data. 

1. Fatty acid profile of the meat samples taken from thigh and breast were 

determined as described below 

a. Meat lipid extraction were done following AOAC (1990). 

b. Fatty acids were converted into fatty methyl esters using method 

described by Chin et al., (1992). 

c. Gas Chromatography was used for separation and ultimately 

estimation of n-3 and n-6 poly unsaturated fatty acids (Robert and 

Barry, 2004). 

3.4.2.1. Fatty acid profiling analysis 

a. Fatty acid methyl esters (FAME) standard 

A 52 FAME standards (GLC-463, 100mg) was purchased from Nu-Check Prep, 

Inc. Minnesota, USA. The ampule containing 100 mg of 52 FAMEs standard was 

centrifuged to ensure the recovery of the standard and 1ml of hexane added. This gives 

the concentration of individual FUME in the standard ranging from 1-4 %. Next, a 100 µl 

of the standard in hexane was transferred into a screw-cap brown vial (0.3 ml 

gewindflasche fixed insert-amber, VWR UK) and dried it under nitrogen to remove the 

hexane. After that, 200 µl of toluene was added into the vial and the later standard in 

toluene used for standard analysis. 

b. Methanol: toluene (4:1 v/v) 

This solution was prepared by measuring 400 ml methanol (≥ 99.8%, Fisher 

Scientific Southborough, UK) and 100 ml toluene purist (≥ 99.5%, Riedel de Haen, 
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Sigma-Aldrich, Gill Ingham, UK) in separated volumetric cylinders. After that, they were 

transferred into a glass Duran bottle and closed tightly. 

c. Potassium chloride (5% w/v) 

50g potassium chloride (KCl; >99%; Sigma-Aldrich, Gill Ingham, UK) was 

weighted and diluted with pure distilled water in a 1 liter volumetric flask. The mixture 

was then stirred on magnetic stirrer for 30 minutes at room temperature until complete 

dissolving ensured. 

d. Acetyl chloride 

Acetyl chloride (>99%) was purchased from fisher Scientific, Southborough, UK. 

e. Sample preparation 

1-3 g of each dried sample was subjected into lipid ether extraction with the aid of 

soxhlet extractor using previous procedure of AOAC official Method 920.39 to yield 

about 20-40 mg of lipids in quick fit flask and stored in a freezer. It was then to dissolve 

all the lipids by adding 10 ml of toluene into the flask and the mixture of lipid transferred 

into two screw-caped glass tubes as much as 5ml each, one was further analysis and 

another one as a backup. After that, the glass tube containing lipid mixture was warmed 

and dried at 50 °C in a dry hot block (Techne Dri-block DB3D, Techne, Staffordshire, 

UK) under nitrogen pressure until all the toluene removed and the lipid in the glass tube 

was re-dissolved with 0.5 ml of toluene. Next, 1.7 ml methanol: toluene (4:1 v/v) mixture 

was added into the glass tube, vortex mixed (Rotamixer, Hook & Tucker instrument Ltd, 

Croydon, UK). It was then to add 0.25 ml acetyl chloride in the fume cupboard, vortex 

mixed and to check the cap of the glass tube was very tightly closed before heating it at 

100 0C for one hour a similar dry hot block. The glass tube was removed and cooled for 

around 30 minutes. After that, 5% KCL was added into the glass tubes and vortex mixed 

before being centrifuged at 1000 g for 5 minutes (Accu SpinTM 3R, Fisher Scientific, 

Germany). Finally, the top layer of supernatant was removed, transferred into a screw-cap 

brown vial (0.3 ml gewindflasche fixed insert-amber, VWR UK) and stored in a freezer (- 

20 0C) until Gas Chromatography (GC) analysis. 

f. GC analytical procedure 

A set of GC, Shimadzu GC-2014 (Kyoto, Japan) with A SGS forte BPX 70 

column (30m x 0.25 nm i.e. 0.25 µm film thickness) (SGE Europe Ltd. Milton Keynes, 

UK) and an auto injector (Shimadzu, AOC-20i) was connected to Shimadzu GC solution 

software which controlled almost all of operations in this analysis of fatty acid methyl 

esters. Purified helium was utilized as a carrier gas with a head pressure of approximately 
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109.9 kPa and a column flow of 0.3 ml/minute. FAME peaks were detected by flame 

ionization detection (FID). A split injection system on an auto sampler was used with a 

split ratio of 89.9 and an injector temperature of 250 °C while the detector temperature 

was 275 °C. 1µl sample injection was done when the initial temperature of the column 

was at 50 °C and being held for 1 minute was then raised at 2 °C/ minute to 188 °C and 

held for 10 minutes. The temperature was increased again at the similar rate to 240 °C 

and held for 44 minutes to give a final gradient with the total run time of 150 minutes as 

shown in table 3.4. The data, including peak areas and chromatogram pictures were 

extracted from Shimadzu GC solution software. Peaks were then identified by using the 

combinations of 37 and 52 FAME standards and individual fatty acids were quantified by 

comparing their peaks with the relevant peak area of the corresponding standards where 

each individual fatty acid reported as a percentage of the total identified fatty acids. 

 

Rate (°C/ minute) Temperature(°C) Holding time (minute) 

- 50 1 

2.00 188 10 

2.00 240 44 

3.4.2.2.  Sensory Evaluation 

 Sensory evaluations were done by panel of experts. A panel of 6 experts were 

engaged for testing the organoleptic properties of pseudo labeled breast and thigh meat 

three samples from each replicate. The panelists were offered lime juice to neutralize the 

taste of previous sample before tasting the next sample. Questionnaires were developed 

for evaluation of juiciness, tenderness, chicken flavor intensity, abnormal flavor and 

overall acceptability on a scale of 1-5. Score of 1 were for most disliked and 5 for most 

liked sample. 

3.5. Statistical Analysis  

 For the interpretation of results the data collected were subjected to statistical 

analysis by using analysis of variance technique under completely randomized design. 

Treatment means were compared by Least Significant Difference test (Montgomery and 

Runger, 2010). 
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CHAPTER IV 

     RESULTS AND DISCUSSION 

 
 This study was conducted at the Poultry Research Center, Department of Poultry 

Science, University of Agriculture, Faisalabad, Pakistan. The research work was done in 

three independent trials. 

 

4.1. TRIAL 1: EFFECT OF SUPPLEMENTING OLIVE, BLACKSEED AND 

FLAXSEED OIL ON GROWTH PERFORMANCE AND HEMATOLOGY OF 

BROILERS. 

Specific objective of the trial was to investigate the effect of olive, black and flax 

seed oils on growth performance and hematological profile of broiler chicks. Three 

hundred broiler chicks were purchased from hatchery and were divided into thirty 

experimental units (replicates) having ten chicks each. These units were randomly 

allocated to 10 treatment groups and each treatment group had 3 replicates. Treatments 

were started from day 1 to 35th day of the experimental period. Commercial feed was used 

with or without supplementation of olive, black and flax seed oils. Three levels of each 

oil i.e. 0.5, 1.0 and 1.5% along with a control diet where none of the above-mentioned 

oils were used. The results of study are presented below. 

4.1.1 Performance data: 

Weight gain, feed intake and feed conversion ratio and mortality (if any) were 

recorded/calculated on weekly basis. The results are accordingly discussed on weekly 

basis finally cumulative results are also discussed. 

4.1.1.1. First week: 

a. Weight Gain 

During the first trail the maximum weight gain of chicks in first week was 

observed in the control that was 126.09g followed by the treatments having black seed oil 

1.5% and flax seed oil 1% that were 125.94g and 125.2g respectively, while the minimum 

weight gain was recorded in the treatment having black seed oil 0.5% that was 120.57g 

(Table 4.1.1.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on weight gain due to varying levels of different oils in the feed of broiler chicks.  
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b. Feed Intake 

During the first trail the maximum feed intake of chicks in first week was 

observed in the treatment having flax seed oil 1.0% that was 152.33g followed by the 

treatments having flax seed oil 1.5% and black seed oil 0.5% that were 148g and 144g 

respectively, while the minimum feed intake was recorded in the treatment having olive 

oil 1.0% that was 134g (Table 4.1.1.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on feed intake due to varying levels of different oils in the feed of broiler chicks. 

c.  Feed Conversion Ratio (FCR) 

During the first trail the best FCR of first week was observed in the treatment 

having olive oil 1.0% that was 1.11 followed by the treatments having black seed oil 

1.0% and black seed oil 1.5% that were 1.12 and 1.13 respectively, while the poorest FCR 

was recorded in the treatment having flax seed oil 1.0% that was 1.22 (Table 4.1.1.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on Feed Conversion Ratio due to varying levels of different oils in the feed of 

broiler chicks.    

Table: 4.1.1.1: FIRST WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING FIRST TRIAL 

Treatment  Weight Gain (g)  Feed Intake (g)  Feed Conversion Ratio  

Olive Oil (0.5%)  120.59±2.75  140±3.06  1.16±0.01  

Olive Oil (1.0%)  120.7±4.72  134±5.77  1.11±0.00  

Olive Oil (1.5%)  122.54±3.01  140.57±3.28  1.15±0.02  

Black Seed Oil (0.5%)  120.57±2.43  144±5.77  1.19±0.03  

Black Seed Oil (1.0%)  123.89±2.76  139.33±2.90  1.12±0.00  

Black Seed Oil (1.5%)  125.94±6.19  142±6.43  1.13±0.01  

Flax Seed Oil (0.5%)  124.61±6.84  140.33±8.57  1.13±0.01  

Flax Seed Oil (1.0%)  125.2±5.97  152.33±0.67  1.22±0.05  

Flax Seed Oil (1.5%)  123.01±6.18  148±2.00  1.21±0.05  

Control  126.09±5.52  143±4.93  1.14±0.01  
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4.1.1.2: Second Week: 

 

a. Weight Gain 

During the first trail the maximum weight gain of chicks in 2nd week was observed 

in the control that was 270.28g followed by the treatments having flax seed oil 0.5% and 

flax seed oil 1.0% that were 254.31g and 251.0g respectively, while the minimum weight 

gain was recorded in the treatment having olive oil 0.5% that was 219.28g (Table 

4.1.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on weight gain due to varying levels of different oils in the feed of broiler chicks.    

b.  Feed Intake 

During the first trail the maximum feed intake of chicks in 2nd week was observed 

in the treatment having black seed oil 1.0% that was 348.43g followed by the treatments 

having flax seed oil 0.5% and flax seed oil 1.5% that were 348.33g and 348.33g 

respectively, while the minimum feed intake was recorded in the treatment having control 

that was 345.33g (Table 4.1.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on feed intake due to varying levels of different oils in the feed of broiler chicks.   

c. Feed Conversion Ratio (FCR) 

During the first trail the best FCR of 2nd week was observed in the  control group 

that was 1.28 followed by the treatments having flax seed oil 0.5% and flax seed oil 1.0% 

that were 1.38 and 1.39 respectively, while the poorest FCR was recorded in the treatment 

having olive oil 0.5% that was 1.60 (Table 4.1.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on Feed Conversion Ratio due to varying levels of different oils in the feed of 

broiler birds.   
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Table: 4.1.1.2: SECOND WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS 

OF DIFFERENT OILS DURING FIRST TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  219.28±13.97 347.67±1.36 1.60±0.10 

Olive Oil (1.0%)  228.22±17.22 347.33±1.67 1.54±0.12 

Olive Oil (1.5%)  238.78±24.74 347.67±0.33 1.49±0.15 

Black Seed Oil (0.5%)  242.94±27.25 345.67±2.85 1.46±0.16 

Black Seed Oil (1.0%)  237.11±2.12 348.43±0.87 1.50±0.15 

Black Seed Oil (1.5%)  240.83±18.93 347.83±1.67 1.46±0.12 

Flax Seed Oil (0.5%)  254.31±12.57 348.33±0.33 1.38±0.07 

Flax Seed Oil (1.0%)  251±10.71 347.67±0.83 1.39±0.06 

Flax Seed Oil (1.5%)  230.45±7.12 348.33±0.33 1.51±0.05 

Control  270.28±13.00 345.33±2.67 1.28±0.07 

  

4.1.1.3: Third Week: 

a. Weight Gain 

During the first trail the maximum weight gain of chicks in 3rd week was observed 

in the treatment having black seed oil 1.5% that was 357.22g, followed by the treatments 

having black seed oil 1.0% and olive oil 0.5% that is 349.61g and 343.17g respectively, 

while the minimum weight gain was recorded in the treatment having black seed oil 0.5% 

that was 326.94g (Table 4.1.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on weight gain due to varying levels of different oils in the feed of broiler birds.    

b. Feed Intake 

During the first trail the maximum feed intake of chicks in 3rd week was observed 

in the treatment having flax seed oil 1.0% that is 643.17g followed by the treatments 

having olive oil 0.5% and flax seed oil 0.5% that is 642.33g and 642.0g respectively, 

while the minimum feed intake was recorded in the treatment having olive oil 1.0% that 

was 632.33g (Table 4.1.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on feed intake due to varying levels of different oils in the feed of broiler birds.    
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c. Feed Conversion Ratio (FCR) 

During the first trail the best FCR of 3rd week was observed in the treatment 

having black seed oil 1.5% that was 1.79 followed by the treatments having black seed oil 

1.0% and olive oil 1.0% that is 1.84 and 1.87 respectively, while the poorest FCR was 

recorded in the treatments having black seed oil 0.5%, flax seed oil 1.5% and control that 

was 1.94 (Table 4.1.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on Feed Conversion Ratio due to varying levels of different oils in the feed of 

broiler birds.    

Table: 4.1.1.3: THIRD WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS    DURING FIRST TRIAL 

 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  343.17±26.28 642.33±1.20 1.89±0.13 

Olive Oil (1.0%)  338.95±13.07 632.33±3.33 1.87±0.06 

Olive Oil (1.5%)  343.04±18.18 640±3.00 1.88±0.09 

Black Seed Oil (0.5%)  326.94±3.84 633.33±4.70 1.94±0.01 

Black Seed Oil (1.0%)  349.61±19.49 639±1.15 1.84±0.10 

Black Seed Oil (1.5%)  357.22±18.56 636±6.00 1.79±0.08 

Flax Seed Oil (0.5%)  333.74±15.89 642±0.00 1.93±0.09 

Flax Seed Oil (1.0%)  339.84±11.09 643.17±0.17 1.90±0.06 

Flax Seed Oil (1.5%)  329.33±4.91 639.5±2.84 1.94±0.03 

Control  330.89±9.06 640.33±3.18 1.94±0.05 

 

4.1.1.4: Fourth Week: 

a. Weight Gain 

During the first trail the maximum weight gain of birds in 4th week was observed 

in the treatment having olive oil 1.0% that was 487.g followed by the treatments having 

flax seed oil 1.5% and olive oil 0.5% that is 478.84g and 476.16g respectively, while the 

minimum weight gain was recorded in the treatment having flax seed oil 0.5% that was 

388.89g (Table 4.1.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on weight gain due to varying levels of different oils in the feed of broiler birds.    
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b. Feed Intake 

During the first trail the maximum feed intake of birds in 4th week was observed 

in the control that was 905.33g followed by the treatment having olive oil 0.5% and black 

seed oil 1.5% that is 886g and 884g respectively, while the minimum feed intake was 

recorded in the treatment having black seed oil 1.0% that was 827.33g (Table 4.1.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on feed intake due to varying levels of different oils in the feed of broiler birds.    

c. Feed Conversion Ratio (FCR) 

During the first trail the best FCR of birds in 4th week was observed in the 

treatment having olive oil 1.0% that was 1.82, followed by the treatments having olive oil 

0.5% and black seed oil 1.5% that is 1.86 and 1.87 respectively, while the poorest FCR 

was recorded in the treatment having flax seed oil 0.5% that was 2.26 (Table 4.1.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on Feed Conversion Ratio due to varying levels of different oils in the feed of 

broiler birds.    
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Table: 4.1.1.4: FOURTH WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING FIRST TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  476.16±7.66 886±4.16 1.86±0.04 

Olive Oil (1.0%)  487±40.18 877.33±20.28 1.82±0.12 

Olive Oil (1.5%)  420.8±1095 860±9.45 2.05±0.03 

Black Seed Oil (0.5%)  397.11±17.91 874±26.46 2.21±0.07 

Black Seed Oil (1.0%)  421.5±30.77 827.33±26.03 1.99±0.16 

Black Seed Oil (1.5%)  473.11±18.53 884±5.77 1.87±0.06 

Flax Seed Oil (0.5%)  388.89±32.99 870.67±24.04 2.26±0.13 

Flax Seed Oil (1.0%)  426.67±6.10 864±26.46 2.03±0.06 

Flax Seed Oil (1.5%)  478.84±61.93 860.33±6.33 1.87±0.27 

Control  421.22±33.42 905.33±8.69 2.18±0.16 

 

4.1.1.5: Fifth Week: 

a. Weight Gain 

During the first trail maximum weight gain of birds in 5th week was observed in 

the treatment having flax seed oil 0.5% that is 619.0.g, followed by the treatments having 

black seed oil 0.5% and black seed oil 1.0 % that is 591.12g and 542.01g respectively, 

while minimum weight gain was recorded in the treatment having control that is 340.56g 

(Table 4.1.1.5). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler birds.  

Weight gain of groups having olive oil 0.5%, olive oil 1.0%, olive oil 1.5%, black 

seed oil 0.5% black seed oil 1.0% , flaxseed oil 0.5%, flaxseed oil1.0% and flaxseed oil 

1.5% showed significant difference from groups black seed oil 1.5% and control. While 

these groups differed non-significantly from each other.   

b. Feed Intake 

During the first trail maximum feed intake of birds in 5th week was observed in 

the treatment having black seed oil 1.0% that is 1097.0g, followed by the treatments 

having flax seed oil 0.5% and olive oil 1.5% that is 1088.3g and 1086.3g respectively, 
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while minimum feed intake was recorded in the treatment having control that is 997g 

(Table 4.1.1.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on feed intake due to varying levels of different oils in the feed of broiler birds.    

c.  Feed Conversion Ratio (FCR) 

During the first trail the best FCR of birds in 5th week was observed in the 

treatment having flax seed oil 0.5% that is 1.76, followed by the treatments having black 

seed oil 0.5% and olive oil 1.0% that is 1.80 and 1.95 respectively, while the poorest FCR 

was recorded in the treatment having control that is 2.93 (Table 4.1.1.5). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

feed conversion ratio due to varying levels of different oils in the feed of broiler birds.  

Comparison of FCR showed that groups having olive oil 1.0%, black seed oil 

0.5%, flaxseed oil 0.5% and flaxseed oil 1.0% were significantly better than the rest of all 

group, but showed non-significant difference between olive oil 0.5%, olive oil 1.5%, 

black seed oil 1.0% and flaxseed oil 1.5% whereas all treatment showed significantly 

better trend than control.    

Table: 4.1.1.5: FIFTH WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS 

OF DIFFERENT OILS DURING FIRST TRIAL 

 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  
532.23±62.03

a

 1047.3±3.33 2.03±0.26
ab

 

Olive Oil (1.0%)  
526.67±37.80

a

 1013.7±11.55 1.95±0.16
a

 

Olive Oil (1.5%)  
537±28.15

a

 1086.3±13.86 2.03±0.10
ab

 

Black Seed Oil (0.5%)  
591.12±42.22

a

 1058.7±40.00 1.80±0.11
a

 

Black Seed Oil (1.0%)  
542.01±37.57

a

 1097±17.22 2.04±0.12
ab

 

Black Seed Oil (1.5%)  
421.11±17.88

b

 1026.7±6.33 2.45±0.09
b

 

Flax Seed Oil (0.5%)  
619±29.14

a

 1088.3±8.95 1.76±0.07
a

 

Flax Seed Oil (1.0%)  
533.89±64.45

a

 1045±45.90 2.00±0.18
a

 

Flax Seed Oil (1.5%)  
504.45±48.12

a

 1054±23.09 2.12±0.15
ab

 

Control  
340.56±6.55

b

 997±10.97 2.93±0.03
c

 

Values in the same column with different subscripts are significantly (P<0.05) different.  
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4.1.1.6: Five Week Cumulative: 

a. Weight Gain 

During the first trail overall weight gain of the birds differed significantly 

(P<0.05) among treatments, maximum weight gain was observed in the treatment having 

flax seed oil 0.5% that was 1720.6.g followed by the treatments having olive oil 1.0% and 

olive oil 0.5% that is 1701.5g and 1691.4g respectively, while minimum weight gain was 

recorded in control that was 1489g (Table 4.1.1.6). 

As far as comparison of weight gain is concerned all the treatment groups showed 

significantly better growth rate than the control but between the treatments difference is 

non-significant. 

b. Feed Intake 

During the first trail maximum overall feed intake was observed in the treatment 

having flax seed oil 0.5% that is 3089.7g followed by the treatments having olive oil 

1.5% and olive oil 0.5% that is 3074.6g and 3063.3g respectively, while minimum feed 

intake was recorded in the treatment having olive oil 1.0% that is 3004.7g, but the 

difference was statistically non-significant (Table 4.1.1.6). 

c Feed Conversion Ratio 

The effect of inclusion of dietary oils in broiler showed statistically significant 

(P<0.05) effect on feed conversion ratio (FCR). During the first trail best overall FCR  

was observed in the treatment having olive oil 1.0% that was 1.72 followed by the 

treatments having flax seed oil 0.5% and black seed oil 0.5% that is 1.75 and 1.77  

respectively, while the poorest FCR was recorded in the treatment having control that is 

1.98 (Table 4.1.1.6). 

Comparison of mean values by least significant difference test revealed that 

groups having olive oil 1.0%, black seed oil 0.5%, flaxseed oil 0.5% and flaxseed oil 

1.0% showed significantly better FCR then other old treatments including control. Above 

mentioned treatments differ non- significantly from each other while all the treatments 

showed significantly better FCR then the control. 

All the groups fed with the oils (olive, black seed and flaxseed) differed non 

significantly from each other but showed significant higher weight gain than the control. 

Similar findings were reported by Maroufyan et al., (2012), the authors found that omega-

3 and omega-6 fatty acids in broiler diets from various oil sources with different levels 

gained significantly more body weight. These oils could also be used as energy sources 

for growth (Gardiner, 1973). These results have also been supported by the findings of Du 
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and Ahn (2002). They found that use of oils in the commercial diet significantly 

improved the weight gain. 

In contrast Ebeid et al., (2011), Bou et al., (2005) observed that the use of oils had 

no effect on the body weight gain of the poultry birds. Similar findings have also been by 

Gonzalez-Esquerra and Leeson (2000) who stated that feeding of vegetable oils had no 

effect on body weight of broilers. The differences in the results of present study with 

those observed by the Scientists mentioned above may be due to the difference in the 

sources of oils used in the experimental rations or different conditions used in the studies.  

Improved weight gain might be due to the improved digestibility as a result of 

presence of oils in diets of broilers (Baio and Lara, 2005 and Moura, 2003).      

These results are in line with the observations of Ebeid et al., (2011), Bou et al., 

(2005), Febel et al., (2008), Olomu and Baracos (1991) and Zollitsch et al., (1997), they 

found that feed intake of broiler birds were not affected when the diets containing 

vegetable oils were offered . 

In contrast Maroufyan et al., (2012) observed that omega-3 and omega-6 fatty 

acids in the broiler diets from various oil sources with different levels showed 

significantly improved feed intake. Gonzalez-Esquerra and Leeson (2000) supported the 

findings of Maroufyan et al., (2012) that the feed intake may be improved by the 

inclusion of oils in the diet of broilers. 

In this trial the overall FCRs of the groups supplemented with the vegetable oils 

such as olive oil. Black seed oil and flaxseed oil were significantly better than the control 

group. These results are in line with the findings of the Maroufyan et al.,  (2012) and 

Gardiner (1973) they concluded that the use of vegetable oils such as flaxseed oil, olive 

oil, black seed oil or fatty acids like omega-3 and omega-6 improves the Feed Conversion 

Ratio and feed efficiency of the broiler birds.  

While in contrast Gonzalez-Esquerra and Leeson (2000) observed that feeding 

various oils had non-significant effect on the feed conversion ratio of the broiler birds. 

These differences in the results might be due to the different experimental conditions used 

in the studies. These findings are also supported by the findings of Schereiner et al., 2005 

and Zollitsch et al., 1997.  

The improved FCR and performance might be due to the presence of PUFA 

(Polyunsaturated fatty acids) in the vegetable oils. These PUFA decrease the rate of 

passage of digesta in the digestive system and as a result adsorption of nutrients increased 

resulting in improved digestibility which ultimately improved the body weight and 



  

 

 

44 

performance of birds (Baio and Lara, 2005 and Moura, 2003). It is also reported that the 

feeding linoleic acid and lenoleinic acid did not affect the feed consumption in broilers 

but helpful for the growth as these fatty acids produce dynamic heat and as a result FCR 

improves (Schreiner et al., 2005; Mridula et al., 2011). 

Table: 4.1.1.6: FIVE WEEK CUMULATIVE WEIGHT GAIN, FEED INTAKE 

AND FEED CONVERSION RATIO OF BROILERS FED VARIOUS 

LEVELS OF DIFFERENT OILS DURING FIRST TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  
1691.4±40.90

a

 3063.3±4.28 1.77±0.04
ab

 

Olive Oil (1.0%)  
1701.5±11.25

a

 3004.7±22.71 1.72±0.01
a

 

Olive Oil (1.5%)  
1662.2±66.74

a

 3074.6±24.85 1.81±0.07
ab

 

Black Seed Oil (0.5%)  
1678.7±14.27

a

 3055.7±48.94 1.77±0.01
a

 

Black Seed Oil (1.0%)  
1674.1±20.74

a

 3051.1±34.88 1.78±0.02
ab

 

Black Seed Oil (1.5%)  
1618.2±6.37

a

 3036.5±14.25 1.83±0.00
bc

 

Flax Seed Oil (0.5%)  
1720.6±56.77

a

 3089.7±41.33 1.75±0.04
a

 

Flax Seed Oil (1.0%)  
1676.6±55.45

a

 3052.2±54.99 1.77±0.03
a

 

Flax Seed Oil (1.5%)  
1666.1±6.25

a

 3050.2±28.96 1.78±0.02
ab

 

Control  
1489±24.89

b

 3031±4.93 1.98±0.03
c

 

Values in the same column with different subscripts are significantly (P<0.05) different.  

4.1.2. Serum Lipid Profile: 

4.1.2.1. Serum Cholesterol:  

Maximum level of cholesterol was observed in the treatment having flax seed oil 

0.5% that was 199.5 mg/dl followed by control and treatment having olive oil 0.5% that is 

192.5mg/dl and 188.5mg/dl respectively. Minimum value of cholesterol was found in the 

treatment having flax seed oil 1.5% that was 152.33 mg/dl (Table 4.1.2).  

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on cholesterol due to supplementation of different oils in the feed of broiler birds.    

4.1.2.2. Serum Triglycerides: 

Maximum value of triglycerides was observed in treatment having black seed oil 

1.0% that was 232.67 mg/dl followed by treatments having flax seed oil 0.5% and olive 

oil 1.0% that is 194.17mg/dl and 189.67mg/dl, whereas minimum value of triglycerides 
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was found in the treatment having black seed oil 1.5% that was 124.17 mg/dl (Table 

4.1.2) 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on triglycerides due to supplementation of different oils in the feed of broiler birds. 

4.1.2.3. Serum High Density Lipoproteins (HDL): 

Maximum value of HDL was observed in treatment having black seed oil 1.5% 

that was 46.83 mg/dl followed by control and treatment having olive oil 0.5% that is 

46.33mg/dl and 45.67mg/dl. Minimum value of HDL was observed in the treatment 

having flax seed oil 1.5% that was 38.67 mg/dl (Table 4.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on HDL due to supplementation of different oils in the feed of broiler birds.    

4.1.2.4. Serum Low Density Lipoproteins (LDL): 

Minimum value of LDL was observed in the treatment having flax seed oil 1.5% 

that was 86.33 mg/dl followed by treatments having black seed oil 0.5% and flax seed oil 

1.0% that is 86.5mg/dl and 90.17mg/dl, while maximum value of LDL was found in 

treatment having flax seed oil 0.5% that is 114.5 mg/dl (Table 4.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on LDL due to varying levels of different oils in the feed of broiler birds.    

Supplementation of olive oil, black seed oil and flaxseed oil in feed of broilers did 

not showed significant effect on lipid profile (serum cholesterol, triglycerides, high 

density lipoprotein and low density lipoprotein). These findings are similar to the findings 

of An et al., 1997 and Crespo and Garcia, 2003. They used different dietary oil and fat 

sources and found non-significant effects on cholesterol, triglycerides, high density 

lipoprotein and low density lipoprotein.   

On the contrary Crespo and Garcia, 2001 reported that with the use of Flaxseed 

oil, olive oil and sunflower oil cholesterol level significantly decreased in broiler. Similar 

finding have been reported by Ahmed, (2010) he also found significant effect  of 

vegetable oils on cholesterol, triglycerides, high density lipoprotein and low density 

lipoprotein.  
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Table: 4.1.2: SERUM LIPID PROFILE OF BROILERS FED DIFFERENT 

LEVELS OF VARIOUS OILS 

 

Treatment  
Cholesterol 

(mg/dL) 

Triglycerides 

(mg/dL) 

HDL 

(mg/dL) 
LDL(mg/dL) 

Olive Oil (0.5%)  188.5±8.79 184.17±9.21 45.67±2.92 105.83±6.06 

Olive Oil (1.0%)  171±12.27 189.67±16.47 41.83±0.93 90±8.39 

Olive Oil (1.5%)  179.83±46.96 146.17±15.47 42.5±7.52 107.83±36.47 

Black Seed Oil 

(0.5%)  
169.83±29.94 187±19.79 45.67±6.13 86.5±24.67 

Black Seed Oil 

(1.0%)  180.5±17.2 232.67±96.26 45.5±4.5 90±25.97 

Black Seed Oil 

(1.5%)  178.33±14.62 124.17±21.68 46.83±2.62 106.33±12.81 

Flax Seed Oil 

(0.5%)  
199.5±52.42 194.17±41.21 45.67±6.77 114.5±37.92 

Flax Seed Oil 

(1.0%)  164.67±11.42 171.17±51.56 40.83±4.28 90.17±9.43 

Flax Seed Oil 

(1.5%)  152.33±16.17 136.5±16.77 38.67±3.24 86.33±15.09 

Control  192.5±19.29 178.67±25.84 46.33±3.71 110.17±13.29 

 

4.1.3. Gland Weights 

4.1.3.1. Pancreas Weight: 

Maximum pancreas weight was found in treatment having black seed oil 1.0% 

that is 4.05g followed by treatments having flax seed oil 1.0% and black seed oil 0.5% 

that is 3.85g and 3.65g. Minimum weight was found in the treatment having black seed 

oil 1.5%that is 3.15g (Table 4.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on pancreas weight due to varying levels of different oils in the feed of broiler 

birds.    

4.1.3.2. Bursa of Fabricius Weight: 

Maximum weight of the bursa was observed in treatment having olive oil 1.5% 

that was 1.99g followed by the treatments having flax seed oil 0.5% &1.5% that is 1.86g 

and 1.85g, while minimum weight of the bursa was recorded in the treatment having 

black seed oil 0.5% that is 1.19g (Table 4.1.3). 
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Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on bursa weight due to varying levels of different oils in the feed of broiler birds.    

4.1.3.3. Thymus Weight: 

Maximum weight of the thymus was observed under the treatment having olive oil 

0.5% that was 4.6g followed by treatment having flax seed oil 0.5% & 1.0% that were 

4.07 and 3.96g respectively that is 4.07g and 3.96g, whereas minimum weight of thymus 

was observed in the treatment having black seed oil 0.5% that was 1.87g (Table 4.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on thymus weight due to varying levels of different oils in the feed of broiler birds.    

4.1.3.4. Adrenal Weight: 

Maximum weight of the adrenal was observed in the treatment having black seed 

oil 1.0% that was 0.93g followed by treatments having olive oil 1.0% and flax seed oil 

1.0% that is 0.32g and 0.27g, while minimum weight of the adrenal was recorded in the 

treatment having black seed oil 0.5% that was 0.12g (Table 4.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on adrenal weight due to varying levels of different oils in the feed of broiler birds.    

4.1.3.5. Pituitary Weight 

Maximum weight of pituitary was observed in the treatment having black seed oil 

0.5% that was 0.06g followed by flax seed oil 1.0% and black seed oil 1.5% that is 0.05g 

and 0.05g, whereas minimum value of pituitary weight was recorded in the rest of all 

treatments that was 0.04g (Table 4.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on pituitary weight due to varying levels of different oils in the feed of broiler 

birds.    

Supplementation of olive oil, black seed oil and flaxseed oil in feed of broilers 

showed non-significant difference in pancreas, bursa, thymus, adrenal pituitary gland 

weight. These findings are similar to (Sawita and Taha, 2011) reported that black seed has 

non-significant effect on the thymus and bursa weight. 

Contrary Al-Khalifa et al., (2012) investigated that the use of n-3 fatty acid 

significantly increases the weight of bursa of fibricius and thymus. The results are also 

not in accordance with Maroufyan et al., (2012) who reported that inclusion of n-3 fatty 

acids in combination of Tuna oil and sunflower oil in broiler ration increased the thymus 

weight with n-3 enrichment in diet. 
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4.1.3. PANCREAS, BURSA, THYMUS, ADRENAL AND PITUITARY 

GLAND WEIGHTS OF BROILERS FED DIFFERENT LEVELS OF 

VARIOUS OILS 

Treatment  
Pancreas 

(g)  
Bursa (g)  

Thymus 

(g)  
Adrenal 

(g)  
Pituitary 

(g)  

Olive Oil (0.5%)  3.38±0.47  1.32±0.17  4.6±0.31  0.182±0.03  0.04±0.00  

Olive Oil (1.0%)  3.65±0.15  1.79±0.31  3.47±0.97  0.32±0.09  0.04±0.01  

Olive Oil (1.5%)  3.33±0.2  1.99±0.32  2.62±0.95  0.15±0.02  0.04±0.00  

Black Seed Oil 

(0.5%)  3.65±0.07  1.19±0.11  1.87±0.37  0.12±0.04  0.06±0.01  

Black Seed Oil 

(1.0%)  4.05±0.26  1.66±0.46  3.25±0.71  0.93±0.7  0.04±0.00  

Black Seed Oil 

(1.5%)  3.15±0.44  1.79±0.11  3.25±0.38  0.18±0.02  0.05±0.01  

Flax Seed Oil (0.5%)  3.57±0.3  1.86±0.32  4.07±0.45  0.20±0.02  0.04±0.00  

Flax Seed Oil (1.0%)  3.85±0.65  1.73±0.43  3.96±0.40  0.27±0.07  0.05±0.00  

Flax Seed Oil (1.5%)  3.2±0.15  1.85±0.21  3.74±0.69  0.19±0.02  0.04±0.00  

Control  3.31±0.18  1.76±0.15  3.41±0.46  0.22±0.04  0.04±0.00  

 

4.1.4. Organ Weights 

4.1.4.1. Liver Weight: 

Maximum weight of liver was found in the treatment having flax seed oil 0.5% 

that was 52.57g followed by the treatments having black seed oil 0.5%&1.0% that is 

50.61g and 50.44g, while minimum weight of the liver was recorded under the treatment 

having olive oil 1.5% that was 42.03g (Table 4.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on liver due to varying levels of different oils in the feed of broiler birds.    

4.1.4.2. Gizzard Weight: 

Maximum weight of the gizzard was found in the treatment having olive oil 1.5% 

that was 30.91g followed by the treatments having control and flax seed oil 1.0% that is 

30.46g and 30.09g, whereas minimum weight of gizzard was observed in the treatment 

olive oil 0.5% that was 23.33g (Table 4.1.4). 
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Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on gizzard weight due to varying levels of different oils in the feed of broiler birds.   

4.1.4.3. Heart Weight: 

Maximum weight of the heart was observed in the treatment having flax seed oil 

1.0% that was 7.23g and followed by flax seed oil 0.5% and 1.5% that is 7.09g and 7.04g, 

whereas minimum heart weight was observed in the treatment having olive oil 0.5% that 

was 5.73g (Table 4.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on heart weight due to varying levels of different oils in the feed of broiler birds.    

4.1.4.4. Lungs Weight: 

Maximum weight of lungs was in the treatment having flax seed oil 0.5% that was 

10.33g followed by black seed oil 0.5%&1.5% that is 9.82g and 9.75g. Minimum weight 

of lungs was recorded in the treatment flax seed oil 1.5% that was 7.20g (Table 4.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on lungs weight due to varying levels of different oils in the feed of broiler birds.    

4.1.4.5. Kidney Weight: 

Maximum kidney weight was observed in the treatment having flax seed oil 1.0% 

that was 10.26g followed by flax seed oil 0.5% and olive oil 0.5% that is 9.85g and 9.30g. 

Minimum weight of kidney was recorded in treatment having flax seed oil 1.5% that was 

6.48g (Table 4.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on kidney weight due to varying levels of different oils in the feed of broiler birds.    

4.1.4.6. Spleen Weight: 

Maximum value of spleen weight was recorded under the treatment of flax seed 

oil 1.5% that was 2.39g followed by treatments having black seed oil 1.0% and flax seed 

oil 0.5% that is 1.65g and 1.58g. Minimum weight of spleen was observed in the 

treatment having olive oil 1.5% that was 1.24g (Table 4.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on spleen weight due to varying levels of different oils in the feed of broiler birds.    
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4.1.4.7. Abdominal Fat Pad Weight: 

Maximum abdominal fat pad weight was observed in the treatment having olive 

oil 0.5% that was 25.58g followed by flax seed oil 0.5 &1.5% that is 23.88g and 23.22g. 

Minimum abdominal fat was observed in the control that was 16.68g (Table 4.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on abdominal fat pad weight due to varying levels of different oils in the feed of 

broiler birds.    

Supplementation of olive oil, black seed oil and flaxseed oil in feed of broilers 

showed non-significant difference in liver, gizzard, heart, lungs, kidney and spleen. These 

findings are similar to Sawita and Taha, (2011). They reported that black seed showed 

non-significant effect on the weights of liver, spleen and heart. 

In contrast Hazim et al., (2011) reported that giblet weights significantly increased 

with the use of dietary oils. Similar findings are observed by Zarei et al., (2011) who 

reported that the olive oil improves the weight of visceral organs of broilers. 
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Table: 4.1.4. LIVER, GIZZARD, HEART, LUNGS, KIDNEY, SPLEEN AND 

ABDOMINAL FAT PAD WEIGHTS OF BROILERS FED 

VARIOUS LEVELS OF DIFFERENT OILS 

Treatment  Liver (g)  Gizzard (g)  Heart (g)  Lungs (g)  Kidney (g)  Spleen (g)  
Abdominal 

Fat (g)  

Olive Oil 

(0.5%)  45.92±5.15  23.38±1.19  5.73±0.59  8.42±0.54  9.3±0.23  1.31±0.21  25.58±7.07  

Olive Oil 

(1.0%)  49.69±3.95  25.39±2.96  6.66±0.30  7.99±0.98  10.16±0.08  1.49±0.25  19.02±3.40  

Olive Oil 

(1.5%)  42.03±4.88  30.91±4.09  7.02±0.76  8.27±0.92  8.22±1.46  1.24±0.15  17.75±5.58  

Black 

Seed Oil 

(0.5%)  
50.61±4.26  29.36±0.94  5.94±0.31  9.82±0.46  9.03±0.41  1.3±0.27  20.33±1.20  

Black 

Seed Oil 

(1.0%)  
50.44±5.47  27.36±0.84  5.93±0.39  9.36±1.53  9.30±0.95  1.65±0.33  20.95±2.24  

Black 

Seed Oil 

(1.5%)  
49.94±4.83  28.93±1.50  6.25±0.52  9.75±0.63  7.17±0.87  1.47±0.05  20.25±3.13  

Flax Seed 

Oil 

(0.5%)  
52.57±3.05  27.35±2.40  7.09±0.87  10.33±1.59  9.85±1.63  1.58±0.08  23.88±2.07  

Flax Seed 

Oil 

(1.0%)  
46.87±5.99  30.09±3.18  7.28±0.04  9.44±0.63  10.26±1.01  1.27±0.15  20.59±0.15  

Flax Seed 

Oil 

(1.5%)  
44.32±5.17  27.33±1.22  7.04±0.36  7.20±0.51  6.48±0.53  2.39±0.57  23.22±3.39  

Control  44±6.53  30.46±3.84  5.88±0.19  7.47±0.51  9.41±0.41  1.29±0.14  16.68±7.52  
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4.1.5. Slaughter Data: 

4.1.5.1. Live weight: 

Maximum live weight among birds randomly selected for dressing percentage 

estimation was recorded in the treatment having olive oil 1.0% that was 1786g followed 

by black seed oil 0.5% and flax seed oil 0.5% that is 1761.7g and 1760g. Minimum live 

weight was recorded in the control that was 1468g (Table 4.1.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on live weight due to varying levels of different oils in the feed of broiler birds.    

4.1.5.2. Dressing Percentage (with skin) 

Maximum dressing percentage was recorded in the treatment having olive oil 

0.5% that was 61.96% followed by olive oil 1.5% and black seed oil 0.5% that is 61.`17% 

and 60.82%. Minimum dressing percentage was recorded under the treatment olive oil 

1.0% that was 55.86% (Table 4.1.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on dressing percentage due to varying levels of different oils in the feed of broiler 

birds.    

Supplementation of olive oil, black seed oil and flaxseed oil in feed of broilers 

showed non-significant difference in live weight, dressed weight and dressing percentage. 

These findings are in line with findings of Crespo and Garcia, (2002). Who reported that 

use of flaxseed oil did not significantly affect dressing percentage and liver weight of 

broilers. 

Similar findings have been reported by Pekel et al., (2009) who that the use of 

linseed has non-significant effect on dressing percentage of broiler. 

In contrast Hazim et al., (2011) reported that vegetable oils such as sunflower oil, 

corn oil and different fat sources significantly improved live weight and dressing 

percentage of broiler birds. Similarly Witt et al., 2009 and Zarei et al, 2011 reported 

significant effect of dietary oils on the dressing percentage of broiler birds. 
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Table 4.1.5. LIVE WEIGHT, DRESSED WEIGHT AND DRESSING 

PERCENTAGE OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS 

Treatment Live weight (g) Dressed Weight (g) Dressing Percentage (%) 

Olive Oil (0.5%) 1598.3±104.34 988.33±51.99 61.96±1.48 

Olive Oil (1.0%) 1786.7±46.67 996.67±3.33 55.86±1.52 

Olive Oil (1.5%) 1656.7±13.33 1013.3±3.33 61.17±0.43 

Black Seed Oil (0.5%) 1761.7±35.86 1070±18.03 60.82±2.10 

Black Seed Oil (1.0%) 1700±22.55 1000±0.00 58.84±0.79 

Black Seed Oil (1.5%) 1713.3±66.92 1036.7±12.02 60.75±3.13 

Flax Seed Oil (0.5%) 1760±81.29 1006.7±13.33 57.39±2.14 

Flax Seed Oil (1.0%) 1725±115.14 1021.7±73.84 59.19±0.74 

Flax Seed Oil (1.5%) 1710±38.84 1008.3±59.47 58.88±2.29 

Control 1468.3±21.67 888.67±48.25 60.49±2.84 

 

4.1.6. Antibody Titre: 

4.1.6.1. Newcastle Disease Titre:  

Maximum value of Newcastle disease (ND) titre was observed in the treatment 

having black seed oil 0.5% that was 213.33 which was followed by all levels of olive oil 

and flax seed oil 1.5% that is 170.67. Minimum value of ND titre was observed in control 

that was 53.33 (Table 4.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Newcastle Disease Titre due to varying levels of different oils in the feed of broiler birds.  

Comparison of the mean values with least significant difference test showed that 

groups having flaxseed oil 0.5% showed significantly maximum ND titre than all the 

treatments including control, whereas other treatment also showed significantly better ND 

titre than the control and flaxseed oil 1.0% while all the treatments showed non-

significant difference from each other except flaxseed oil 1.0% and control. 

Infectious Bursal Disease Titre 

Maximum value of Infectious Bursal disease (IBD) titre was observed in olive oil 

0.5% and flax seed oil 1.0% that was 106.67 followed by treatments having olive oil 

1.0%&1.5% and flax seed oil 1.5% that was 85.33. Minimum value of IBD titre was 
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observed in the treatment having black seed oil 0.5% and 1.5% that was 42.67 (Table 

4.1.6). 

Statistical analysis of the experimental data showed non-significant (P<0.05) 

effect on Infectious Bursal Disease titre due to varying levels of different oils in the feed 

of broiler birds.    

These results are in line with the findings of the Fritsche et al; (1991) who 

reported that the use of different vegetable oils such as corn oil, canola oil and flaxseed 

seed oil significantly improves the antibody titre then other fat sources. These findings are 

also supported by the findings of Maroufyan et al., (2012) they reported that the 

combination of tuna oil and sunflower oil significantly improved the titre of ND and IBD. 

(Zhange et al., 2005) contrary reported that with the use of fatty acids and dietary 

oils the antibody titre against ND is not effected. 

This improvement in titre might be due to that oils are rich in PUFA 

(Polyunsaturated fatty acids) whereas PUFA affects inflammatory response and as a 

result immune response improved (Fritsche et al., 1992, and Korver and Klasing, 1997). 

Poly-unsaturated fatty acids may have improved the membranes of the immune cells and 

these fatty acids have the anti-microbial properties. That’s why there might be 

improvement in ND titre (Pathponysiriporn and Scheideler, 2005). 
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4.1.6. NEWCASTLE DISEASE AND INFECTIOUS BURSAL DISEASE TITRE 

OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS DURING 

FIRST TRIAL 

Treatment Newcastle Disease Titre Infectious Bursal Disease Titre 

Olive Oil (0.5%) 170.67±42.67ab 106.67±21.33 

Olive Oil (1.0%) 170.67±42.67ab 85.33±21.33 

Olive Oil (1.5%) 170.67±42.67ab 85.33±21.33 

Black Seed Oil (0.5%) 213.33±42.67a 42.67±10.67 

Black Seed Oil (1.0%) 170.67±42.67ab 53.33±10.67 

Black Seed Oil (1.5%) 128±0.00abc 42.67±10.67 

Flax Seed Oil (0.5%) 106.67±21.33bc 64±0.00 

Flax Seed Oil (1.0%) 64±0.00c 106.67±21.33 

Flax Seed Oil (1.5%) 170.67±42.67ab 85.33±21.33 

Control 53.33±10.67c 53.33±10.67 

Values in the same column with different subscripts are significantly (P<0.05) different.  

 

4.1.7. Mortality: 

Mortality 

During first trial only one bird die from the group having treatment black seed oil 1.5% 

on the 11th day of the trial. No disease symptoms were observed in the dead bird. Vaccine 

for the IBD was done on the 10th day so mortality might be due to the vaccine operational 

stress. 

4.1.8. Economics of First Trail: 

During first trail maximum profit was calculated in the group having treatment 

flaxseed oil 0.5% that was 50.292 rupees followed by treatments having olive oil 0.5% 

and flaxseed oil 1.0% that was 41.934 and 41.335 rupees respectively, whereas minimum 

profit have been recorded in the treatment black seed oil 1.5% that was 1.187 rupees 

(Table 4.1.8). this data showed that flax seed oil 0.5% was most economical. 

4.1.9. Message from trial one: 

It can be concluded from the first trial that the broilers fed with feed having flax 

seed oil 0.5% showed the cumulative best FCR (feed conversion ratio), no doubt this FCR 

was non-significant with other treatments except black seed oil 1.5% and control. But it 
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was also observed that flax seed oil 0.5% showed better ND titre than control. Other oils 

showed best ND titre but flax seed oil 0.5% was economical also, so it can be 

recommended that flax seed oil 0.5% level is the best for production of economical 

broiler having best FCR and disease resistance. 
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4.1.8 ECONOMICS OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS IN FIRST TRIAL 

Economic Factors  
Olive 

(0.5%)  

Olive 

(1.0%)  

Olive 

(1.5%)  

Black 

Seed 

(0.5%)  

Black 

Seed 

(1.0%)  

Black 

Seed 

(1.5%)  

Flax 

Seed 

(0.5%)  

Flax 

Seed 

(1.0%)  

Flax 

Seed 

(1.5%)  

Control  

Cost of Chick (Rs.) 35 35 35 35 35 35 35 35 35 35 

Feed Consumed 

(Kg/Bird) 

3.06 3 3.07 3.05 3.05 3.03 3.08 3.05 3.05 3.03 

Cost of Feed /Kg (Rs.) 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6 

Feeding Cost/Bird  (Rs.) 124.236 121.8 124.642 123.83 123.83 123.018 125.048 123.83 123.83 123.018 

Cost of  

Management(Rs.) 

5.97 5.97 5.97 5.97 5.97 5.97 5.97 5.97 5.97 5.97 

Oil Inclusion Rate (%) 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5  

Cost oil /ml (Rs.) 0.6 0.6 0.6 0.9 0.9 0.9 0.25 0.25 0.25  

Oil Used Per Bird (ml) 15.3 30 46.05 15.25 30.5 45.45 15.4 30.5 45.75 0 

Cost Of Oil / Treatment 

(Rs.) 

9.18 18 27.63 13.725 27.45 40.905 3.85 7.625 11.4375 0 

Body Weight/Bird (Kg) 1.69 1.7 1.66 1.67 1.67 1.61 1.72 1.67 1.66 1.48 

Live Weight/Kg (Rs.) 128 128 128 128 128 128 128 128 128 128 

Income / Bird (Rs.) 216.32 217.6 212.48 213.76 213.76 206.08 220.16 213.76 212.48 189.44 

Expandituer Per Bird 

(Rs.) 

174.386 180.77 193.242 178.525 192.25 204.893 169.868 172.425 176.2375 167.988 

Profit Per Bird (Rs.) 41.934 36.83 19.238 35.235 21.51 1.187 50.292 41.335 36.2425 25.452 
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4.2. TRIAL 2: EFFECT OF SUPPLEMENTING OLIVE, BLACK SEED 

AND FLAXSEED OILS AS IMMUNE BOOSTER. 

This trial was conducted to check the effect of olive, black, and flax seed oils on cellular 

immune response, humoral immune response and titre against ND and IBD. Three hundred 

broiler chicks were purchased from hatchery and were divided into thirty experimental units 

(replicates) having ten chicks each. These units were randomly allocated to 10 treatment groups 

and each treatment had 3 replicates. Treatments were started from day 1 to 35th day of the 

experimental period. Commercial feed was used with or without supplementation of olive, black 

and flax seed oils. Three levels i.e. 0.5, 1.0 and 1.5% along with a control diet where none of the 

above mentioned oils was used. The results of study are presented below. 

4.2.1 Performance data: 

Weight gain, feed intake and feed conversion ratio and mortality (if any) were 

recorded/calculated on weekly basis. The results are accordingly discussed on weekly basis 

along with cumulative results are also discussed. 

4.2.1.1. First Week: 

a. Weight Gain 

During the first week of second trial maximum weight gain was recorded in the control 

that was 139.37g followed by treatments having olive oil 1.0 % and flax seed oil 1.5% that is 

139.04g and 138.71g, whereas minimum weight gain was observed in the treatment having black 

seed oil 1.5% that was 111.59g (Table 4.2.1.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on weight 

gain due to varying levels of different oils in the feed of broiler chicks.  

Comparison of the mean values LSD (least significant difference)  test showed non-

significant difference between the treatments having olive oil 0.5%, olive oil 1%, black seed oil 

1%, flax seed oil 0.5%, flax seed oil 1.5% and control, whereas these were significantly better 

than the olive oil 1.5%,  black seed oil 0.5% and flax seed oil 1%. 

b.  Feed Intake 

During the first week of second trial maximum feed intake was recorded in the control 

that was 154g followed by flaxseed oil 1.5% that is 153.93g and black seed oil 0.5% & 1% that 
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is 153.90g.  Minimum feed intake was recorded in the treatment having black seed oil 1.5% that 

was 145.67g (Table 4.2.1.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

intake due to varying levels of different oils in the feed of broiler chicks.  

Comparison of the mean values by LSD test showed that feed intake of the control, black 

seed oil 1%, black seed oil 0.5% were significantly higher than the rest of all treatments but also 

non-significant with the treatments having olive oil 1%, olive oil 1.5%, flax seed oil 0.5%, flax 

seed oil 1% and flax seed oil 1.5%. 

c. Feed Conversion Ratio (FCR) 

During the first week of second trial the best FCR was in the group having olive oil 1.0% 

that was 1.10 followed by the groups having flax seed oil 1.5% and control that is 1.11, whereas 

the poorest FCR was in the group having treatment black seed oil 1.5% that was 1.31 (Table 

4.2.1.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on Feed 

Conversion Ratio due to varying levels of different oils in the feed of broiler chicks. 

Comparison of the mean values by LSD test showed non-significant difference between 

treatments having olive oil 0.5%, olive oil 1%, black seed oil 1%, flax seed oil 0.5%, flax seed 

oil 1.5% and control, whereas these were significantly better than the treatments having olive oil 

1.5%, black seed oil 0.5% and flax seed oil 1%. 
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Table 4.2.1.1: FIRST WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING SECOND TRIAL 

Values in the same column with different subscripts are significantly (P<0.05) different. 

 

4.2.1.2. Second Week: 

a. Weight Gain 

During the second week of second trial maximum weight gain was observed in the 

treatment having olive oil 1.0% that was 219.29g followed by control and flax seed oil 1.5% that 

is 208.96g and 206.29g, whereas minimum weight gain was recorded in the treatment having 

black seed oil 1.5% that was 180.62g (Table 4.2.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler chicks.    

b. Feed Intake 

During the second week of second trial maximum feed intake was recorded in the control 

group that was 340.07g followed by the groups having flax seed oil 1.0% and black seed oil 

0.5% that is 348.9g and 348.23g, whereas the minimum feed intake was recorded in the 

treatment having olive oil 1.5% that was 341.5% (Table 4.2.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed intake due to varying levels of different oils in the feed of broiler chicks.    

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  
132.59±2.60

a

 151.67±1.33
b

 1.14±0.02
a

 

Olive Oil (1.0%)  
139.04±0.29

a

 153.57±.0.67
ab

 1.10±0.00
a

 

Olive Oil (1.5%)  
125.33±2.32

b

 153.4±0.21
ab

 1.22±0.02
b

 

Black Seed Oil (0.5%)  
130.54±3.61

b

 153.9±0.10
a

 1.18±0.03
b

 

Black Seed Oil (1.0%)  
137.21±1.84

a

 153.9±0.10
a

 1.12±0.01
a

 

Black Seed Oil (1.5%)  
111.59±3.81

c

 145.67±1.67
c

 1.31±0.03
c

 

Flax Seed Oil (0.5%)  
134.54±1.30

a

 153.33±0.33
ab

 1.14±0.01
a

 

Flax Seed Oil (1.0%)  
125.82±3.78

b

 153.5±0.25
ab

 1.22±0.03
b

 

Flax Seed Oil (1.5%)  
138.71±0.76

a

 153.93±0.07
ab

 1.11±0.07
a

 

Control  
139.37±2.00

a

 154±0.00
a

 1.11±0.02
a
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c. Feed Conversion Ratio (FCR) 

During the second week of the second trial the best FCR was observed in the group 

having treatment olive oil 1.0% that was 1.56 followed by control and flaxseed oil 1.5% that is 

1.67 and 1.69 respectively, whereas black seed oil 1.5% showed poor FCR that was 1.92 (Table 

4.2.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed conversion ratio due to varying levels of different oils in the feed of broiler birds.    

 

Table 4.2.1.2:  SECOND WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING SECOND TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  190.96±8.92 343±6.5 1.80±0.05 

Olive Oil (1.0%)  219.29±10.76 341.67±3.28 1.56±0.07 

Olive Oil (1.5%)  184.17±8.08 341.5±8.25 1.86±0.04 

Black Seed Oil (0.5%)  200.62±9.23 348.23±1.13 1.74±0.08 

Black Seed Oil (1.0%)  203.62±19.81 338.17±7.13 1.69±0.14 

Black Seed Oil (1.5%)  180.62±3.98 346.33±3.18 1.92±0.04 

Flax Seed Oil (0.5%)  200.62±2.13 346.5±3.25 1.73±0.03 

Flax Seed Oil (1.0%)  197.29±10.67 348.9±0.49 1.78±0.09 

Flax Seed Oil (1.5%)  206.29±7.57 347.9±1.07 1.69±0.07 

Control  208.96±4.92 349.07±0.54 1.67±0.04 

 

4.2.1.3. Third Week: 

a. Weight Gain 

During the third week of second trial maximum weight gain was observed in the group 

having treatments flax seed oil 1.0%&1.5% that was 461.94g followed by black seed oil 1.5% 

and olive oil 1.5% that is 449.34g and 445.67g respectively, whereas minimum weight gain was 

observed in the control that was 376.61g (Table 4.2.1.3.). 
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Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler chicks.    

b. Feed Intake 

During the third week of second trial maximum feed intake was recorded in the 

treatments having flax seed oil 1.0% & 1.5% that were 643.67g and 643.6g followed by olive oil 

0.5% and flax seed oil 0.5% that were 643.43g and 643.27g respectively, whereas minimum feed 

intake was recorded in treatment having black seed oil that was 599g (Table 4.2.1.3.). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

intake due to varying levels of different oils in the feed of broiler chicks.  

Comparison of the mean values by LSD test showed non-significant difference between 

all treatments including the control except black seed oil 1% and black seed oil 0.5%, whereas 

these differ significantly from each other and from rest of all treatments. 

c. Feed Conversion Ratio (FCR) 

During the third week of second trial the best FCR was recorded in group having 

treatment flax seed oil 1.5% that was 1.39 followed by black seed oil 1.5%  and olive oil 1.5% 

that is 1.43 and 1.44 respectively, whereas the poorest FCR was recorded in the control that was 

1.71 (Table 4.2.1.3.). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Feed Conversion Ratio due to varying levels of different oils in the feed of broiler chicks.    
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Table 4.2.1.3: THIRD WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING SECOND TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) 
Feed Conversion 

Ratio 

Olive Oil (0.5%)  418.11±42.46 643.43±0.30
a

 1.57±0.17 

Olive Oil (1.0%)  426.39±18.71 635.17±8.08
a

 1.49±0.05 

Olive Oil (1.5%)  445.67±14.39 639.83±2.95
a

 1.44±0.04 

Black Seed Oil (0.5%)  405.34±8.58 599±2.89
c

 1.48±0.02 

Black Seed Oil (1.0%)  410.11±16.88 623.67±0.33
b

 1.53±0.06 

Black Seed Oil (1.5%)  449.34±9.40 643.17±0.17
a

 1.43±0.03 

Flax Seed Oil (0.5%)  438.56±22.76 643.27±0.27
a

 1.47±0.07 

Flax Seed Oil (1.0%)  440.95±18.39 643.67±0.09
a

 1.46±0.06 

Flax Seed Oil (1.5%)  461.94±4.87 643.6±0.31
a

 1.39±0.01 

Control  376.61±30.38 636.73±6.37
a

 1.71±0.12 

Values in the same column with different subscripts are significantly (P<0.05) different. 

 

4.2.1.4. Fourth Week: 

a. Weight Gain  

During the fourth week of second trial maximum weight gain was recorded in the 

treatment flax seed oil 1.5% that was 627.31g followed by black seed oil 1.5% and flax seed oil 

0.5% that is 617.28g and 613.89g respectively, while minimum weight gain was recorded in the 

treatment having olive oil 0.5% that was 482.61g (Table 4.2.1.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on weight 

gain due to varying levels of different oils in the feed of broiler birds.  

Comparison of the mean values by LSD test showed that treatments having black seed oil 

1%, black seed oil 1.5%, flax seed oil 0.5%, flax seed oil 1% and control, were significantly 

better than rest of all treatments, whereas control group also showed non-significant difference 

between all the treatments. 

b. Feed Intake 

During the fourth week of second trial maximum feed intake was observed in the 

treatment having flax seed oil 1.5% that was 923.67g followed by black seed oil 1.5% and 
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control that is 919.67g and 919.33g respectively, whereas minimum feed intake was recorded in 

the treatment having olive oil1.0% that was 886.67g (Table 4.2.1.4). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed intake due to varying levels of different oils in the feed of broiler birds. 

Comparison of the mean values by LSD test revealed that treatments having olive 0.5%, 

olive oil 1%, olive oil 1.5% and black seed oil 0.5% differ non-significantly from each other but 

showed significant difference from other all groups. 

c. Feed Conversion Ratio (FCR) 

During the fourth week of second trial the best FCR was recorded in the treatment having 

flax seed oil 1.5% that was 1.48 followed by black seed oil 1.5% and flax seed oil 0.5% that is 

1.49 and 1.50 respectively, while the poorest FCR was recorded in the treatment having olive oil 

0.5% that was 1.90 (Table 4.2.1.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

conversion ratio due to varying levels of different oils in the feed of broiler birds.  
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Table 4.2.1.4: FOURTH WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING SECOND TRIAL 

Values in the same column with different subscripts are significantly (P<0.05) different. 

 

4.2.1.5. Fifth Week: 

a. Weight Gain 

During the fifth week maximum weight gain was observed in the group having treatment 

black seed oil 0.5% that was 696.55g followed by olive oil 1.0%&1.5% that is 621g and 580g 

respectively, whereas minimum weight gain was observed in group having treatment flax seed 

oil 1.0% that was 437.77g (Table 4.2.1.5). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on weight 

gain due to varying levels of different oils in the feed of broiler birds. 

Comparison of the mean values by LSD test showed that groups having olive oil 1% and 

black seed oil 0.5% were significantly better than all other groups but olive oil 1% was also non-

significant with all other groups except flax seed oil 1% which was significantly poor than all the 

groups except black seed oil 1% which was also non-significant with flax seed oil 1%. 

b. Feed Intake 

During the fifth week of second trial maximum feed intake was recorded in control that 

was 1134g followed by groups having flax seed oil 1.5% and black seed oil 0.5% that is 1133.7g 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  
482.61±24.15

b

 913.23±9.63 1.90±0.08
b

 

Olive Oil (1.0%)  
517.34±30.08

b

 886.67±17.90 1.72±0.08
b

 

Olive Oil (1.5%)  
510.22±30.81

b

 906.83±16.42 1.79±0.08
b

 

Black Seed Oil (0.5%)  
512.22±23.85

b

 906.93±16.47 1.78±0.05
b

 

Black Seed Oil (1.0%)  
585.56±27.17

a

 916.33±2.33 1.57±0.07
a

 

Black Seed Oil (1.5%)  
617.28±23.93

a

 919.67±2.85 1.49±0.06
a

 

Flax Seed Oil (0.5%)  
613.89±20.34

a

 919±2.52 1.50±0.05
a

 

Flax Seed Oil (1.0%)  
584.67±29.08

a

 910.67±3.33 1.57±0.08
a

 

Flax Seed Oil (1.5%)  
627.31±32.89

a

 923.67±0.33 1.48±0.08
a

 

Control  
552.11±26.78

ab

 919.33±2.73 1.67±0.08
a
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and 1133.7g respectively, whereas minimum feed intake was recorded in the treatment having 

flax seed oil 0.5% that was 1076.2g (Table 4.2.1.5). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

intake due to varying levels of different oils in the feed of broiler birds.  

Comparison of the mean values by LSD test showed that groups having flax seed oil 

0.5% and flax seed oil 1% were significantly poor than all the other groups, whereas all other 

groups differ non-significantly from each other. 

c. Feed Conversion Ratio (FCR) 

During the fifth week of second trial the best FCR was recorded in the treatment having 

black seed oil 0.5% that was 1.63 followed by olive oil 1.0% and flax seed oil 0.5% that is 1.83 

and 1.93 respectively,  whereas the poorest FCR was recorded in the treatment having flax seed 

oil 1.0% that was 2.48 (Table 4.2.1.5). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on Feed 

Conversion Ratio due to varying levels of different oils in the feed of broiler birds.   

Comparison of the mean values by LSD test showed that treatment having olive oil 1%, 

olive oil 1.5%, black seed oil 0.5% and flax seed oil 0.5% were best significantly than the other 

all groups but were non-significant from each other, whereas black seed oil 1%, flax seed oil 1% 

and control were significantly poor but black seed oil 1% and control were non-significant with 

the flax seed oil 1.5%, black seed oil 1.5% and olive oil 0.5%. 
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Table 4.2.1.5: FIFTH WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING SECOND TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  
554.44±44.24

b

 1133.3±0.27
a

 2.07±0.18
b

 

Olive Oil (1.0%)  
621±10.54

ab

 1133.2±0.23
a

 1.83±0.03
a

 

Olive Oil (1.5%)  
580±22.20

b

 1133.3±0.33
a

 1.96±0.08
a

 

Black Seed Oil (0.5%)  
696.55±7.04

a

 1133.7±0.15
a

 1.63±0.02
a

 

Black Seed Oil (1.0%)  
497.78±60.07

bc

 1133.2±0.58
a

 2.34±0.25
bc

 

Black Seed Oil (1.5%)  
556±11.07

b

 1133.3±0.64
a

 2.04±0.04
b

 

Flax Seed Oil (0.5%)  
557.78±5.88

b

 1076.2±3.92
b

 1.93±0.02
a

 

Flax Seed Oil (1.0%)  
437.77±24.45

c

 1080.7±3.33
b

 2.48±0.14
c

 

Flax Seed Oil (1.5%)  
547.24±18.68

b

 1133.7±0.15
a

 2.08±0.07
b

 

Control  
507.22±50.04

bc

 1134±0.00
a

 2.28±0.21
bc

 

Values in the same column with different subscripts are significantly (P<0.05) different.  

 

4.2.1.6. Five Week Cumulative  

a. Weight Gain 

During second trial overall maximum weight gain was observed in the group having 

treatment flax seed oil 1.5% that was 1981.5g followed by black seed oil 0.5% and olive oil 

1.0% that is 1945.3g and 1923.1g respectively, whereas minimum weight gain was observed in 

treatment having olive oil 0.5% that was 1778.7g (Table 4.2.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on weight 

gain due to varying levels of different oils in the feed of broiler birds.  

Comparison of the mean values by LSD test showed that treatments having olive oil 1%, 

black seed oil 0.5%, black seed oil 1.5%, flax seed oil 0.5% and flax seed oil 1.5% were non-

significant from each other but differ significantly from all remaining treatments, whereas all 

remaining treatments were non-significant from each other. 

b. Feed Intake 

During second trial overall maximum feed intake was recorded in the group having 

treatment flax seed oil 1.5% that was 3202.8g followed by control and having treatment black 
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seed oil 1.5% that is 3193.1g and 3188.1g respectively, whereas minimum feed intake was 

recorded in the treatment having flax seed oil 1.0% that was 3137g (Table 4.2.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

intake due to varying levels of different oils in the feed of broiler birds.  

Comparison of the mean values by LSD test revealed that treatments having olive 0.5%, 

olive oil 1.5%, black seed oil 1.5%, flax seed oil 1.5% and control were significantly better than 

the other all treatments but were non-significant from each other, whereas remaining treatments 

were also non-significant from each other. 

c. Feed Conversion Ratio (FCR) 

During second trial overall FCR was best in the group having flax seed oil 0.5% that was 

1.61 followed by treatments having black seed oil 0.5% and flax seed oil 1.5% that is 1.62, 

whereas the poorest FCR was recorded in the control and olive oil 0.5% that was 1.79 (Table 

4.2.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

conversion ratio due to varying levels of different oils in the feed of broiler birds.  

Comparison of the mean values by LSD test showed that the treatments having olive oil 

1%, black seed oil 0.5%, black seed oil 1.5%, flax seed oil 0.5% and flax seed oil 1.5% were 

significantly better than other all treatments but were non-significant from each other whereas all 

treatments were also non-significant from each other. 

All the groups fed with the oils (olive, black seed and flaxseed) showed non -significant 

difference from each other but showed significant difference than the control. Similar findings 

have been reported by Maroufyan et al., (2012) who found that omega-3 and omega-6 fatty acids 

in broiler diets from various oil sources with different levels gained significantly more body 

weight. These oils could also be used as energy sources for growth (Gardiner, 1973). These 

results have also been supported by the findings of Du and Ahn (2002). They found that use of 

oils in the commercial diet significantly improved the weight gain as compared with other 

treatments. 

In contrast Ebeid et al., (2011), Bou et al., (2005) observed that the use of oils had no 

effect on the body weight gain of the poultry birds. Similar findings have been reported also been 

by (Gonzalez-Esquerra and Leeson, 2000). 
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Improved weight gain might be due to the improved digestibility as a result of presence 

of oils in diets of broilers (Baio and Lara, 2005 and Moura, 2003).      

These results are in line with the observations of Maroufyan et al., (2012) observed that 

omega-3 and omega-6 fatty acids in the broiler diets from various oil sources with different 

levels showed significantly better results with respect to feed intake. Gonzalez-Esquerra and 

Leeson (2000) supported the findings of Maroufyan et al., (2012) that the feed intake may be 

improved by the inclusion of oils in the diet of broilers. 

In contrast Ebeid et al., (2011), Bou et al., (2005), Febel et al., (2008), Olomu and 

Baracos (1991) and Zollitsch et al., (1997) reported that feed intake of broiler birds was not 

affected when the diets containing vegetable oils were offered. 

In this trial the overall FCRs of the groups supplemented with the vegetable oils such as 

olive oil, black seed oil and flaxseed oil are significantly better than the control group which has 

no oil in the diet. These results are in line with the findings of the Maroufyan et al., (2012) and 

Gardiner (1973) who concluded that the use of vegetable oils such as flaxseed oil, olive oil, black 

seed oil or fatty acids like omega-3 and omega-6 improves the Feed Conversion Ratio and feed 

efficiency of the broiler birds. 

While in contrast Gonzalez-Esquerra and Leeson (2000) who observed that feeding 

various oils had non-significant effect on the feed conversion ratio of the broiler birds. These 

differences in the results might be due to the different experimental conditions used in the 

studies.   

The improved FCR and performance might be due to the presence of PUFA 

(Polyunsaturated fatty acids) in the vegetable oils. These PUFA decrease the rate of passage of 

digesta in the digestive system and as a result adsorption of nutrients increased resulting in 

improve digestibility which ultimately improve the body weight and performance of birds (Baio 

and Lara, 2005 and Moura, 2003).      
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Table 4.2.1.6: FIVE WEEK CUMULATIVE WEIGHT GAIN, FEED INTAKE AND 

FEED CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS 

OF DIFFERENT OILS DURING SECOND TRIAL 

Treatment  Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (0.5%)  
1778.7±29.40

b

 3184.6±17.32
a

 1.79±0.04
b

 

Olive Oil (1.0%)  
1923.1±33.28

a

 3150.3±13.27
b

 1.64±0.02
a

 

Olive Oil (1.5%)  
1845.4±40.07

b

 3174.9±16.99
a

 1.72±0.04
b

 

Black Seed Oil (0.5%)  
1945.3±11.06

a

 3141.8±15.09
b

 1.62±0.00
a

 

Black Seed Oil (1.0%)  
1834.3±29.40

b

 3165.2±5.75
b

 1.73±0.03
b

 

Black Seed Oil (1.5%)  
1914.8±33.68

a

 3188.1±7.67
a

 1.67±0.03
a

 

Flax Seed Oil (0.5%)  
1945.4±11.11

a

 3138.3±2.13
b

 1.61±0.01
a

 

Flax Seed Oil (1.0%)  
1786.5±47.36

b

 3137.4±3.23
b

 1.76±0.05
b

 

Flax Seed Oil (1.5%)  
1981.5±13.42

a

 3202.8±1.13
a

 1.62±0.01
a

 

Control  
1784.3±33.79

b

 3193.1±5.74
a

 1.79±0.03
b

 

      Values in the same column with different subscripts are significantly (P<0.05) different.  

 

4.2.2. Humoral Immune Response 

4.2.2.1. Newcastle Disease Titre 

a. First Week  

ND titre was best in the treatment having olive oil 1.0% and flax seed oil 1.0% that was 

6.67 while lowest value was observed in the treatment black seed oil 1.5% and flax seed oil 1.5% 

that was 2 during 1st week (Table 4.2.2.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

antibody titre against Newcastle disease due to varying levels of different oils in the feed of 

broiler birds. 

Comparison of the mean values by LSD test showed non-significant effect between olive 

oil 1%, olive oil 0.5%, flax seed oil 0.5% and flax seed oil 1% but these were significantly better 

than other groups except black seed oil 0.5% which was non-significant with all treatments, 

whereas treatments olive oil 0.5%, olive oil 1.5%, black seed oil 1% and control were non-

significant with each other, however black seed oil 1.5% and flax seed oil 1.5 % were 

significantly poor than all the treatments but were non-significant from each other. 
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b. Second Week 

ND titre was best in the treatments olive oil 1.0%&1.5% and flaxseed oil 1.5% that was 

16 whereas lowest value of ND titre was observed under the treatment of black seed oil 0.5% 

&1.5% that was 6.67 during 2nd week (Table 4.2.2.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

antibody titre against Newcastle disease due to varying levels of different oils in the feed of 

broiler birds.  

Comparison of the mean values by LSD test showed that olive oil 1%, olive oil 1.5%, 

flax seed oil 1% and flax seed oil 1.5% were non-significant but were significantly better than 

other all treatments, whereas other treatments were significantly poor than above mentioned 

treatments except flex seed oil 1% which was non-significant with all the treatments. 

c. Third Week 

ND titre was best in the treatment olive oil 1.0% and black seed oil 0.5% that was 42.67 

and lowest ND titre was observed in the treatment black seed oil 1.0% and control during 3rd 

week (Table 4.2.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

antibody titre against Newcastle disease due to varying levels of different oils in the feed of 

broiler birds.    

d. Fourth Week 

ND titre was best under treatment of of olive oil 1.5% that was 117.33 and lowest ND 

titre was observed in the control that was 48 during 4th week (Table 4.2.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

antibody titre against Newcastle disease due to varying levels of different oils in the feed of 

broiler birds. 

e. Fifth week 

ND titre was best under the treatments of olive oil 0.5%, black seed oil 0.5%&1.0% that 

was 192 and lowest ND titre was observed in the control that was 58.67 during 5th week (Table 

4.2.2.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

antibody titre against Newcastle disease due to varying levels of different oils in the feed of 

broiler birds.  
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Comparison of the mean values by LSD test showed that the treatments flax seed oil 

0.5%, flax seed oil 1.5% and control were significantly poor than other all treatments but were 

non-significant from each other, whereas remaining treatments were also non-significant from 

each other. 

These findings are in line with the findings of Fritsche et al., (1992) who used different 

vegetables oils such as flaxseed oil, corn oil and canola oil in the feed of broilers and found that 

these oils improved the antibody titre then the other fat sources. These findings are supported by 

the findings of Maroufyan et al., (2012) who reported that combination of tuna oil and sunflower 

oil significantly improved the titre of ND. 

Zhange et al., 2005 reported contrary results, that with the use of fatty acids and dietary 

oils the antibody titre against ND was not affected. 

This improvement in titre might be due to that oils are rich in PUFA (Polyunsaturated 

fatty acids) whereas PUFA affects inflammatory response and as a result immune response 

improved (Fritsche et al., 1992, and Korver and Klasing, 1997). These fatty acids also enhance 

the production of antibodies. This also might be the reason of improved antibody titre 

(Pathponysiriporn and Scheidler, 2005). 
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Table 4.2.2.1: NEW CASTLE DISEASE TITRE OF BROILERS FED VARIOUS LEVELS 

OF DIFFERENT OILS DURING SECOND TRIAL 

Treatment  First Week 
Second 

Week 
Third Week Fourth Week Fifth Week 

Olive Oil (0.5%)  
5.33±1.33

ab

 10.67±2.67
b

 32±0.00 106.67±10.67 192±36.95
a

 

Olive Oil (1.0%)  
6.67±1.33

a

 16±0.00
a

 42.67±10.67 96±18.48 149.33±21.33
a

 

Olive Oil (1.5%)  
3.33±0.67

bc

 16±0.00
a

 32±0.00 117.33±10.67 170.67±21.33
a

 

Black Seed Oil 

(0.5%)  4.67±1.76
abc

 6.67±1.33
b

 42.67±10.67 96±18.48 192±36.95
a

 

Black Seed Oil 

(1.0%)  2.67±0.67
bc

 10.67±2.67
b

 21.33±5.33 96±16.00 192±36.95
a

 

Black Seed Oil 

(1.5%)  2±0.0
c

 6.67±1.33
b

 26.67±5.33 85.33±21.33 149.33±21.33
a

 

Flax Seed Oil 

(0.5%)  5.33±1.33
a

 8±0.00
b

 32±0.00 85.33±10.67 85.33±10.67
b

 

Flax Seed Oil 

(1.0%)  6.67±1.33
a

 13.33±2.67
ab

 37.33±14.11 106.67±10.67 149.33±21.33
a

 

Flax Seed Oil 

(1.5%)  2±0.00
c

 16±0.00
a

 32±0.00 106.67±10.67 96±18.48
b

 

Control  
2.67±0.67

bc

 10.67±2.67
b

 21.33±5.33 48±9.24 58.67±5.33
b

 

Values in the same column with different subscripts are significantly (P<0.05) different.  

4.2.2.2. Infectious Bursal Disease Titre 

a. First Week 

IBD titre was best in the treatment of olive oil 1.0% and flax seed oil 1.5% that was 3.33 

and lowest IBD titre was observed in the treatments of olive oil 0.5%, black seed oil 0.5, 1.0 & 

1.5% and control that was 2.0 during 1st week (Table 4.2.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

antibody titre against infectious bursal disease due to varying levels of different oils in the feed 

of broiler birds.    

b. Second Week 

IBD titre was best in the treatments of black seed oil 1.0%, flax seed oil 1.0% and control 

that was 2.67 and lowest value was recorded under all remaining treatments that was 2.0 during 

2nd week (Table 4.2.2.2). 
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Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

antibody titre against infectious bursal disease due to varying levels of different oils in the feed 

of broiler birds.    

c. Third Week 

IBD titre was best in the treatments black seed oil 1.0%, flax seed oil 0.5% and control 

that was 10.67 and lowest value was recorded in the treatment olive oil0.5% that was 4 during 3rd 

week (Table 4.2.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

antibody titre against infectious bursal disease due to varying levels of different oils in the feed 

of broiler birds.    

d. Fourth Week       

IBD titre was best in the treatment olive oil 1.5% that was 53.33 and lowest value was 

recorded in the treatment black seed oil 1.0% that was 21.33 during 4th week (Table 4.2.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Anti body Titre Against Infectious Bursal Disease due to varying levels of different oils in the 

feed of broiler birds.    

e. Fifth Week 

IBD titer was highest in the treatments olive oil 0.5% & 1.5% that was 106.67 and lowest 

value was recorded in the treatment black seed oil 0.5% that was 42.67 during 5th week (Table 

4.2.2.2). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on Anti 

body Titre against Infectious Bursal Disease due to varying levels of different oils in the feed of 

broiler birds.  

Comparison of the mean values by LSD test showed that treatments having olive oil 

0.5%, olive oil 1%, olive oil 1.5%, flax seed oil 0.5%, flax seed oil 1% and flax seed oil 1.5% 

were similar but were significantly better than other all treatments, whereas black seed oil 0.5% 

and black seed oil 1% were non-significant and olive oil 1%, flax seed oil 0.5% and flax seed oil 

1% were non-significant with all the treatments. 

These results are in line with the findings of Fritsche et al., (1992) who investigated that 

the use of different vegetable oils such as corn oil, flaxseed oil and canola oil improves the 

humoral immune response of broiler birds. These findings are supported by the findings of 
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Maroufyan et al., (2012) who reported that combination of tuna oil and sunflower oil 

significantly improved the titre of IBD. 

 In contrast Zhange et al., (2005) reported non-significant effect of dietary oils on the 

humoral immune response of broiler birds.  

Table 4.2.2.2: INFECTIOUS BURSAL DISEASE TITRE OF BROILERS FED VARIOUS 

LEVELS OF DIFFERENT OILS DURING SECOND TRIAL 

 

Treatment  First Week 
Second 

Week 
Third Week Fourth Week Fifth Week 

Olive Oil (0.5%)  2±0.00 2±0.00 4±0.00 26.67±2.67 106.67±21.33
a

 

Olive Oil (1.0%)  3.33±0.67 2±0.00 8±0.00 32±9.24 85.33±21.33
ab

 

Olive Oil (1.5%)  2.67±0.67 2±0.00 6.67±1.33 53.33±10.67 106.67±10.67
a

 

Black Seed Oil 

(0.5%)  
2±0.00 2±0.00 6.67±1.33 26.67±2.67 42.67±5.33

b

 

Black Seed Oil 

(1.0%)  
2±0.00 2.67±0.67 10.67±2.67 21.33±2.67 53.33±5.33

b

 

Black Seed Oil 

(1.5%)  
2±0.00 2±0.00 6.67±1.33 29.33±2.67 48±9.24

b

 

Flax Seed Oil (0.5%)  2.67±0.67 2±0.00 10.67±2.67 45.33±11.62 85.33±21.33
ab

 

Flax Seed Oil (1.0%)  3.33±0.67 2.67±0.67 13.33±2.67 37.33±5.33 74.67±10.67
ab

 

Flax Seed Oil (1.5%)  2.67±0.67 2±0.00 6.67±1.33 48±9.24 96±18.48
a

 

Control  2±0.00 2.67±0.67 10.67±2.67 32±9.24 58.67±5.33
b

 

Values in the same column with different subscripts are significantly (P<0.05) different.  

 

4.2.2.3. Total Anti Sheep Red Blood Cells Antibody Titre (Total Ig) 

 

a. Seven days Post Primary Injection. 

Maximum total Ig was recorded in the treatment having olive oil 0.5% that was 170.67 

followed by flax seed oil 1.0% , black seed oil 1.0%  and olive oil 1.5% that is 144, 138.67 and 

138.67 respectively, while minimum value of Total Ig was recorded in the treatment black seed 

oil 1.5% that was 37.33 (Table 4.2.2.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

total anti sheep red blood cells antibody titre  due to varying levels of different oils in the feed of 

broiler birds.    
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b. Fourteen days Post Primary Injection 

Maximumtotal Ig was recorded in the flax seed oil 0.5% that was 386.67 followed by 

olive oil 1.5% and flax seed oil 1.0% that is 352 and 234.67 respectively and minimum value 

was in the control that was 16 (Table 4.2.2.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

total anti sheep red blood cells antibody titre due to varying levels of different oils in the feed of 

broiler birds.    

c. Seven days Post-Secondary Injection  

Maximum total Ig was recorded in the treatment having black seed oil 1.0% that was 

533.33 followed by black seed oil o.5% and olive oil 1.5% that is 530.67 and 237.33 

respectively, while minimum value of total Ig was recorded in the treatment having flax seed oil 

1.0% and 1.5% that was 48 (Table 4.2.2.3). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on total 

anti sheep red blood cells antibody titre due to varying levels of different oils in the feed of 

broiler birds.  

Comparison of the mean values by LSD test showed that black seed oil 0.5% and black 

seed oil 1% were similar but different significantly from all other groups, whereas other all 

groups were also non-significant from each other. 

d. Fourteen days Post-Secondary Injection  

Highest total Ig was recorded in the treatment having flax seed oil 0.5%  that was 405.33 

followed by  control and flax seed oil 1.0% that is 341.33 and 293.33 respectively, while lowest 

value of total Ig was recorded in the treatment having olive oil 1.5% that was 50.67 (Table 

4.2.2.3). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on total 

anti sheep red blood cells antibody titre due to varying levels of different oils in the feed of 

broiler birds.  

Comparison of the mean values by LSD test showed that flax seed oil 0.5%, flax seed oil 

1% and control were similar but differ significantly from all other groups, whereas other all 

groups were also non-significant from each other. 
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Table 4.2.2.3: TOTAL ANTI SHEEP RED BLOOD CELLS ANTIBODY TITRE OF 

BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS  

 

Treatment  
Day 7 Post 

primary 

Injection 

Day 14 Post 

primary Injection 

Day 7 Post 

Secondary 

Injection 

Day 14 Post 

Secondary 

Injection 

Olive Oil 

(0.5%)  170.67±10.67 65.33±31.35 56±8.00
b

 70.67±31.35
b

 

Olive Oil 

(1.0%)  122.67±34.97 176±57.69 82.67±38.74
b

 165.33±61.51
b

 

Olive Oil 

(1.5%)  138.67±21.33 352±208.00 237.33±142.56
b

 50.67±16.22
b

 

Black Seed 

Oil (0.5%)  96±27.71 101.33±21.33 530.67±7.05
a

 112±16.00
b

 

Black Seed 

Oil (1.0%)  138.67±59.39 117.33±21.33 533.33±5.33
a

 56±20.13
b

 

Black Seed 

Oil (1.5%)  37.33±5.33 112±24.44 210.67±166.68
b

 117.33±78.56
b

 

Flax Seed 

Oil (0.5%)  74.67±21.33 386.67±157.33 64±9.24
b

 405.33±129.77
a

 

Flax Seed 

Oil (1.0%)  144±64.66 234.67±170.92 48±0.00
b

 293.33±178.25
a

 

Flax Seed 

Oil (1.5%)  90.67±34.97 34.67±7.06 48±9.24
b

 90.67±23.25
b

 

Control  69.33±14.11 16±2.31 56±21.17
b

 341.33±21.33
a

 

Values in the same column with different subscripts are significantly (P<0.05) different.  

 

4.2.3.4. Immunoglobulin M Anti Sheep Red Blood Cells Antibody Titre (Ig M) 

a. Seven days Post Primary Injection. 

Maximum titre of Ig M was recorded in the treatment having olive oil 0.5% that was 

94.67 followed by olive oil 1% and olive oil 1.5% that is 77.33 and 74.67 respectively, while 

minimum value of Ig M was recorded in the treatment having black seed oil 1.5% (Table 

4.2.3.4.). 
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Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Immunoglobulin M anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.    

b. Fourteen days Post Primary Injection 

Maximum titre of Ig M was recorded in the treatment having flax seed oil 0.5% that was 

375.33 followed by olive oil 1.5% and flax seed oil 1.0% that is 338.67 and 217.33 respectively, 

while minimum value of Ig M was recorded in the treatment having control that was 10.0 (Table 

4.2.3.4.). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Immunoglobulin M anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.    

c. Seven days Post-Secondary Injection 

Maximum titre of Ig M was recorded in the treatment having black seed oil 1.0 % that 

was 472 followed by black seed oil 0.5% and olive oil 1.5% that is 285.33 and 212 respectively, 

while minimum value of IgM was recorded in the treatment having flax seed oil 1.0 that was 

26.67 (Table 4.2.3.4.). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Immunoglobulin M anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.  

Comparison of the mean values by LSD test showed that black seed oil 0.5% and black 

seed oil 1% were similar but differed significantly from all other groups, whereas other all 

groups were also non-significant from each other. 

d. Fourteen days Post-Secondary Injection 

Maximum titre of Ig M was recorded in the treatment having flax seed oil 0.5% that was 

395.33 followed by control and flax seed oil 1.0% that is 334.67 and 280.67 respectively, while 

minimum titre of Ig M was recorded in the treatment having olive oil 1.5 that was 30 (Table 

4.2.3.4.). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Immunoglobulin M anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.  
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Comparison of the mean values by LSD test showed that flax seed oil 0.5%, flax seed oil 

1% and control were similar but differed significantly from all other groups, whereas other all 

groups were also non-significant from each other. 

Table 4.2.3.4: IMMUNOGLOBULIN M ANTI SHEEP RED BLOOD CELLS ANTIBODY 

TITRE OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS 

 

Treatment  
Day 7 Post 

primary 

Injection 

Day 14 Post 

primary Injection 

Day 7 Post 

Secondary 

Injection 

Day 14 Post 

Secondary Injection 

Olive Oil 

(0.5%)  94.67±9.33 55.33±30.47 38.67±10.91
b

 56.67±31.25
b

 

Olive Oil 

(1.0%)  77.33±33.41 154.67±58.48 62.67±36.83
b

 146.67±58.71
b

 

Olive Oil 

(1.5%)  74.67±5.33 338.67±208.69. 212±137.25
b

 30±8.08
b

 

Black Seed 

Oil (0.5%)  48±13.86 78±30.35 385.33±70.52
a

 90.67±15.03
b

 

Black Seed 

Oil (1.0%)  69.33±29.69 72.67±13.38 472±9.24
a

 44±22.00
b

 

Black Seed 

Oil (1.5%)  20±2.31 92.67±21.67 172±146.04
b

 103.33±76.21
b

 

Flax Seed 

Oil (0.5%)  37.33±10.67 375.33±154.67 41.33±11.39
b

 395.33±131.92
a

 

Flax Seed 

Oil (1.0%)  72±32.33 217.33±163.66 26.67±2.67
b

 280.67±174.55
a

 

Flax Seed 

Oil (1.5%)  45.33±17.49 20±2.31 33.33±9.33
b

 76±20.53
b

 

Control  40±12.22 10±3.06 34.67±14.85
b

 334.67±21.74
a

 

Values in the same column with different subscripts are significantly (P<0.05) different.  
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4.2.3.5. Immunoglobulin G Anti Sheep Red Blood Cells Antibody Titre (Ig G) 

a. Seven days Post Primary Injection. 

Maximum titre of Ig G was recorded in the treatment having olive oil 0.5% that was 76 

followed by flax seed oil 1.0% and black seed oil 1.0% that is 72 and 69.33  respectively,  while 

minimum titre of Ig G was recorded in the treatment having black seed oil 1.5% that was 17.33 

(Table 4.2.3.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Immunoglobulin G anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.    

b. Fourteen days Post Primary Injection 

Maximum Ig G titre was recorded in the treatment having black seed oil 1.0% that was 

44.67 followed by black seed oil 0.5% and olive oil 1.0% that is 30.33 and 21.33 respectively, 

while minimum Ig G titre was recorded in the treatment having control that was 6 (Table 

4.2.3.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Immunoglobulin G anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.    

c. Seven days Post-Secondary Injection 

Maximum Ig G titre was recorded in the treatment having black seed oil 0.5% that was 

145.33 followed by black seed oil 1.0% and black seed oil 1.5% that is 61.33 and 38.67 

respectively, while minimum Ig G titre was recorded in the treatment having flax seed oil 1.5 

that was 14.67 (Table 4.2.3.5). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Immunoglobulin G anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.  

Comparison of LSD test revealed that black seed oil 0.5% was significantly better than 

all other groups, whereas all other groups were non-significant from each other. 

d. Fourteen days Post-Secondary Injection 

Maximum Ig G titre was recorded in the treatment having black seed oil 0.5% that was 

21.33 followed by olive oil 1.5% and 1.0% that is 20.67 and 18.67 respectively, while minimum 

Ig G titre was recorded in the treatment having Control that was 6.67 (Table 4.2.3.5). 
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Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Immunoglobulin G anti sheep red blood cells antibody titre due to varying levels of different oils 

in the feed of broiler birds.  

These findings are in line with Ahmed et al., (2013b) they used different oils such as 

canola oil and olive oil and found that the birds fed with olive oil showed significantly better 

immune response which was tested against sheep red blood cells. These findings are also 

supported by Maroufyan et al., (2012) they reported that the combination of various oils 

improved the immune response of broiler birds against ND and IBD. 

Contrarily Azad et al., (2009) studied the dietary oils having no effect on antibody titre 

against sheep red blood cells in the broilers.  

Table 4.2.3.5: IMMUNOGLOBULIN G ANTI SHEEP RED BLOOD CELLS ANTIBODY 

TITRE OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS 

Treatment  
Day 7 Post 

primary Injection 
Day 14 Post 

primary Injection 

Day 7 Post 

Secondary 

Injection 

Day 14 Post 

Secondary 

Injection 

Olive Oil 

(0.5%)  76±4.00 10±2.00 17.33±3.53
b

 14±3.06 

Olive Oil 

(1.0%)  45.33±2.67 21.33±7.06 20±2.31
b

 18.67±3.53 

Olive Oil 

(1.5%)  64±16.00 13.33±1.33 25.33±5.33
b

 20.67±9.68 

Black Seed Oil 

(0.5%)  48±13.86 23.33±9.82 145.33±6.68
a

 21.33±7.42 

Black Seed Oil 

(1.0%)  69.33±29.69 44.67±13.38 61.33±10.67
b

 12±3.06 

Black Seed Oil 

(1.5%)  17.33±3.53 19.33±4.67 38.67±20.70
b

 14±3.06 

Flax Seed Oil 

(0.5%)  37.33±10.67 11.33±2.91 22.67±4.81
b

 10±3.06 

Flax Seed Oil 

(1.0%)  72±32.33 17.33±7.42 21.33±2.67
b

 12.67±3.71 

Flax Seed Oil 

(1.5%)  45.33±17.49 14.67±4.81 14.67±1.33
b

 14.67±4.81 

Control  29.33±2.67 6±1.55 21.33±7.01
b

 6.67±176 

Values in the same column with different subscripts are significantly (P<0.05) different.  
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4.2.4. In Vivo Lymphoproleferative Response to PHA-P  

4.2.4.1. After 24 Hours  

Maximum in vivo lymphoproleferative response was observed in olive oil 1.5% that is 

0.10mm followed by black seed oil 1.0% and 0.5% that is 0.093mm and 0.09mm respectively, 

while minimum in vivo lymphoproleferative response was recorded in the treatment having 

control that was 0.04mm (Table 4.2.4.). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on in 

vivo lymphoproleferative response to PHA-P due to varying levels of different oils in the feed of 

broiler birds.    

4.2.4.2. After 48 Hours  

Maximum in vivo lymphoproleferative response was observed in olive oil 1.5% that is 

0.06mm followed by black seed oil 0.5% that is 0.05mm, while minimum value of in vivo 

lymphoproleferative was recorded in the treatment having control that was 0.02mm (Table 

4.2.4.). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on in 

vivo lymphoproleferative response to PHA-P due to varying levels of different oils in the feed of 

broiler birds.    

4.2.4.3. After 72 Hours  

Maximum in vivo lymphoproleferative response was observed in flax seed oil 1.0% that 

was 0.05mm followed by black seed oil 0.5% that is 0.04mm, while lowest in vivo 

lymphoproleferative response was recorded in the treatment having control that was 0.01mm 

(Table 4.2.4.). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on in 

vivo lymphoproleferative response to PHA-P due to varying levels of different oils in the feed of 

broiler birds.    

In contrast Selvaraj et al., (2004) reported significantly improved cell mediated response 

with the use of different oils such as flaxseed oil, fish oil, sun flower oil in the broiler birds. 

These findings were also supported by Kover and Klasing, (1997) they reported that oils 

improved the cell mediated immune response in broilers. 
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This improvement might be due to the oils rich in PUFA (Polyunsaturated Fatty Acids) 

whereas inflammatory response and as a result cell mediated immune response (Fritsche et al., 

1992 and Korver and Klasing, 1997). 

Table 4.2.4: IN VIVO LYMPHOPROLEFERATIVE RESPONSE TO PHA-P OF 

BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS  

Treatment  24 hrs (mm±SE) 48 hrs (mm±SE) 72 hrs (mm±SE) 

Olive Oil (0.5%)  0.05±0.01 0.03±0.01 0.02±0.01 

Olive Oil (1.0%)  0.064±0.00 0.04±0.01 0.03±001 

Olive Oil (1.5%)  0.10±0.01 0.06±0.01 0.03±0.01 

Black Seed Oil (0.5%)  0.09±0.04 0.05±0.01 0.04±0.01 

Black Seed Oil (1.0%)  0.093±0.03 0.04±0.00 0.03±0.01 

Black Seed Oil (1.5%)  0.07±0.02 0.04±0.02 0.02±0.01 

Flax Seed Oil (0.5%)  0.07±0.02 0.04±0.01 0.02±0.00 

Flax Seed Oil (1.0%)  0.06±0.01 0.04±0.01 0.05±0.03 

Flax Seed Oil (1.5%)  0.07±0.01 0.04±0.01 0.03±0.01 

Control  0.04±0.01 0.02±0.00 0.01±0.00 

 

4.2.5. Mortality 

During second trial mortality of two birds were recoded, one bird from the group having 

treatment flaxseed oil 1.5% at the age of 10th day, no disease symptom was observed. IBD 

vaccine was done on the same day by ocular mean so mortality of the bird might be due to the 

stress of vaccine. Second bird mortality was recorded from the control group at the age of 29th 

day, this bird was from the red marked birds (bird injected booster dose of 5% Sheep Red Blood 

Cells @ 0.1 ml intravenously). At the age of 28th day blood samples were taken from these birds 

to separate serum to conduct haemagglutination test. This mortality might be due to the stress of 

blood sampling.  

4.2.6. Economics of second trail 

During second trail maximum profit was calculated in the group having treatment 

flaxseed oil 0.5% that was 49.4395 rupees followed by treatments having flaxseed oil 1.5% and 
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black seed oil 0.5% that was 42.91 and 38.816 rupees respectively, whereas minimum profit was 

recorded in case of black seed oil 1.5% that was 5.092 rupees (Table 4.2.6).  

4.2.6. Message from second trial: 

It can be concluded that during the second trial again same treatment that was flax seed 

oil 0.5% showed the best cumulative FCR. Furthermore flax seed oil 0.5% showed good immune 

response. No doubt other treatments also showed better cumulative FCR as well as better 

immune response but they were not as economical as was flax seed oil 0.5%. So, similar 

message was concluded as from first trial that flax seed oil 0.5% is the best and economical for 

broiler production. 
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Table 4.2.6: ECONOMICS OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS IN SECOND TRIAL  

Economic Factors  
Olive 

(0.5%) 

Olive 

(1.0%) 

Olive 

(1.5%) 

Black 

Seed 

(0.5%) 

Black 

Seed 

(1.0%) 

Black 

Seed 

(1.5%) 

Flax 

Seed 

(0.5%) 

Flax 

Seed 

(1.0%) 

Flax 

Seed 

(1.5%) 

Control 

Cost of Chick (Rs.) 27 27 27 27 27 27 27 27 27 27 

Feed Consumed 

(Kg/Bird) 

3.18 3.15 3.17 3.14 3.16 3.18 3.13 3.13 3.2 3.19 

Cost of Feed /Kg (Rs.) 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6 

Feeding Cost/Bird  (Rs.) 129.108 127.89 128.702 127.484 128.296 129.108 127.078 127.078 129.92 129.514 

Cost of Management 

(Rs.) 

5.97 5.97 5.97 5.97 5.97 5.97 5.97 5.97 5.97 5.97 

Oil Inclusion Rate (%) 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5  

Cost oil /ml (Rs.) 0.6 0.6 0.6 0.9 0.9 0.9 0.25 0.25 0.25  

Oil Used Per Bird (ml) 15.9 31.5 47.55 15.7 31.6 47.7 15.65 31.3 48 0 

Cost Of Oil / Treatment 

(Rs.) 

9.54 18.9 28.53 14.13 28.44 42.93 3.9125 7.825 12 0 

Body Weight/Bird (Kg) 1.77 1.92 1.84 1.94 1.83 1.91 1.94 1.78 1.98 1.78 

Live Weight/Kg (Rs.) 110 110 110 110 110 110 110 110 110 110 

Income / Bird (Rs.) 194.7 211.2 202.4 213.4 201.3 210.1 213.4 195.8 217.8 195.8 

Expandituer Per Bird 

(Rs.) 

171.618 179.76 190.202 174.584 189.706 205.008 163.9605 167.873 174.89 165.484 

Profit Per Bird (Rs.) 23.082 31.44 12.198 38.816 11.594 5.092 49.4395 27.927 42.91 33.316 
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4.3. TRIAL 3: EFFECT OF SUPPLEMENTING OLIVE, BLACK SEED 

AND FLAXSEED OIL ON GUT FUNCTION AND MEAT QUALITY OF 

BROILERS. 

 

During third trial, 210 chicks at day old age were kept and were divided into twenty one 

experimental units having ten chicks each. In this trial, there were seven treatment groups. Group 

A, B and C were provided the best levels (which performed better at FCR basis in previous two 

trials) of olive, black and flax seed oils, respectively. While, in group D, E and F the blend (50% 

olive oil + 25% black seed:oil + 25% flax seed oils) of these three oils were provided and group 

G served as control (without oil supplementation). Best levels from previous two trials were 

selected on the basis of their cumulative FCR of the previous two trials that were olive oil 1.0%, 

black seed oil 0.5% and flax seed oil 0.5%. Ratio of oils in the composition of blend was also 

decided on the basis of their best levels as recommended after previous two trials on the basis of 

cumulative FCR. There were three replicates for each treatment. The results of study are 

presented below. 

4.3.1 Performance data: 

Weight gain, feed intake, feed conversion ratio and mortality (if any) were 

recorded/calculated on weekly basis. The results are accordingly discussed on weekly basis 

along with cumulative results are also discussed. 

4.3.1.1. First Week: 

a. Weight Gain 

The weight gain of the first week during third trial was maximum in the group having 

treatment blend 1.0% that was 119.57g followed by group having olive oil 1.0% and blend 1.5% 

that is 118.47g and 117.8g respectively, whereas minimum weight gain was observed in the 

group having blend 0.5% that was 113.57g (Table 4.3.1.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler chicks.    
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b. Feed Intake 

The feed intake of the first week during third trial was maximum in the treatment flax 

seed oil 0.5% and blend 1.5% that was 153.57g followed by blend 1.0% and control that is 

153.47g and 153.43g respectively while minimum feed intake was observed in the group having 

olive oil 1.0% that was 152.67g (Table 4.3.1.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed intake due to varying levels of different oils in the feed of broiler chicks.    

c. Feed Conversion Ratio (FCR) 

The best FCR during first week of the third trial was recorded in the group having blend 

1.0% that was 1.28 followed by olive oil 1.0% and blend 1.5%, that is 1.29 and 1.30 respectively 

while poorest FCR was recorded in the group having blend 0.5% that was 1.35 (Table 4.3.1.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed conversion ratio due to varying levels of different oils in the feed of broiler chicks.    

Table 4.3.1.1: FIRST WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING THIRD TRIAL 

Treatment Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (1.0%) 118.47±4.03 152.67±0.17 1.29±0.04 

Black Seed Oil (0.5%) 113.83±4.37 152.9±0.46 1.35±0.05 

Flax Seed Oil (0.5%) 117.13±2.70 153.57±0.23 1.31±0.03 

Blend* (0.5%) 113.57±3.38 153±0.00 1.35±0.04 

Blend* (1.0%) 119.57±0.96 153.47±0.27 1.28±0.01 

Blend* (1.5%) 117.8±1.15 153.57±0.23 1.30±0.01 

Control 115.57±6.27 153.43±0.35 1.33±0.07 

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 
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4.3.1.2. Second Week 

a. Weight Gain 

The maximum weight gain during second week of the third trial was observed in the 

treatment flax seed oil 0.5% that was 237.9g followed by blend 1.0% & 0.5% that is 233.93g and 

222.33g respectively, whereas minimum weight gain was observed in the group having black 

seed oil 0.5% that was 204.33g (Table 4.3.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler chicks.    

b. Feed Intake 

The maximum feed intake during second week of third trial was recorded in control that 

was 349.83g followed by the groups having flax seed oil 0.5% and blend 1.5% that is 349.33g 

and 347.33g respectively, whereas minimum feed intake was recorded in the treatment having 

black seed oil 0.5% that was 326.33g (Table 4.3.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Feed Intake due to varying levels of different oils in the feed of broiler chicks.    

c. Feed Conversion Ratio (FCR) 

The best FCR during second week of third trial was recorded in the group having flax 

seed oil 0.5% and blend 1.0% that was 1.47 followed by blend 0.5% and control that is 1.56 and 

1.59 respectively, while the poorest FCR was observed in group having treatment olive oil 1.0% 

that was 1.62 (Table 4.3.1.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Feed Conversion Ratio due to varying levels of different oils in the feed of broiler chicks.    
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Table 4.3.1.2:  SECOND WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING THIRD TRIAL 

Treatment Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (1.0%) 204.37±9.48 329±2.08 1.62±0.07 

Black Seed Oil (0.5%) 204.33±10.87 326.33±1.33 1.61±0.08 

Flax Seed Oil (0.5%) 237.9±9.22 349.33±0.67 1.47±0.06 

Blend* (0.5%) 222.33±8.88 345.33±3.71 1.56±0.05 

Blend* (1.0%) 233.93±2.32 344±2.31 1.47±0.00 

Blend* (1.5%) 216.23±8.40 347.33±0.67 1.61±0.07 

Control 222.13±14.19 349.83±1.67 1.59±0.11 

      *Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 

4.3.1.3. Third Week 

a. Weight Gain 

The maximum weight gain during third week of third trial was observed in the group 

having treatment flax seed oil 0.5% that was 461.77g followed by blend 0.5% & 1.5% that is 

460.33g and 434.97g respectively, while minimum weight gain was observed in the group 

having treatment olive oil 1.0% that was 390.07g (Table 4.3.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler chicks.    

b. Feed Intake 

The maximum feed intake during third week of third trial was recorded in the group 

having treatment flax seed oil 0.5% that was 643.5g followed by blend 1.5% & 0.5% that is 

642.83g and 641.33g respectively, whereas minimum feed intake was recorded in the group 

having treatment olive oil 1.0% that was 638.33g (Table 4.3.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed intake due to varying levels of different oils in the feed of broiler chicks.    

c. Feed Conversion Ratio (FCR) 

The best FCR during third week of third trial was recorded in the group having treatment 

flax seed oil 0.5% and blend 0.5% that was 1.40 followed by blend 1.5% and control that is 1.48 
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and 1.51 respectively, while the poorest FCR was recorded in the group having treatment olive 

oil 1.0% that was 1.69 (Table 4.3.1.3). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed conversion ratio due to varying levels of different oils in the feed of broiler chicks.    

Table 4.3.1.3: THIRD WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING THIRD TRIAL 

Treatment Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (1.0%) 390.07±47.14 638.33±4.70 1.69±0.21 

Black Seed Oil (0.5%) 419.73±32.42 639.17±2.42 1.54±0.12 

Flax Seed Oil (0.5%) 461.77±17.08 643.5±0.29 1.40±0.05 

Blend* (0.5%) 460.33±19.98 641.33±1.17 1.40±0.04 

Blend* (1.0%) 417.47±21.83 640.33±1.33 1.54±0.08 

Blend* (1.5%) 434.97±5.82 642.83±0.44 1.48±0.02 

Control 424.1±13.62 640.53±3.27 1.51±0.05 

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 

4.3.1.4. Fourth Week 

a. Weight Gain 

The maximum weight gain of birds was observed during fourth week of third trial was 

observed in the group having treatment blend 1.5% that was 591.13g followed by blend 0.5% 

and flaxseed oil 0.5% that is 556.7g and 513.9g respectively, while minimum weight gain was 

observed in the group having treatment having olive oil 0.5% that was 406.13g (Table 4.3.1.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on weight 

gain due to varying levels of different oils in the feed of broiler birds.  

Comparison of LSD test revealed that flax seed oil 0.5%, blend 0.5%, blend 1%, blend 

1.5% and control were similar with each other but significantly better than other treatments, 

whereas other treatments also non-significant from each other. 

b. Feed Intake 

The maximum feed intake was recorded during fourth week of third trial in the group 

having treatment blend 1.5% that was 923g followed by blend 0.5% & 1.0% that is 922.67g and 
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922.5g respectively, whereas minimum feed intake was recorded in the group having treatment 

black seed oil 1.0% that was 908.33g (Table 4.3.1.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

intake due to varying levels of different oils in the feed of broiler birds. 

Comparison of LSD test revealed that olive oil 1% and black seed oil 0.5% were similar 

from with each other and were significantly than other groups, whereas other all groups were 

also non-significant from each other.  

c. Feed Conversion Ratio (FCR) 

The best FCR during fourth week of third trial was recorded in the group having 

treatment blend 1.5% that is 1.57 followed by blend 0.5% and control that is 1.66 and 1.82 

respectively, whereas the poorest FCR was recorded in the group having treatment olive oil 1.0% 

that is 2.27 (Table 4.3.1.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

conversion ratio due to varying levels of different oils in the feed of broiler birds.  

Comparison of LSD test revealed that treatments having flax seed oil 0.5%, blend 0.5%, 

blend 1%, blend 1.5% and control were similar but differed significantly from other groups, 

whereas flex seed oil 0.5%, blend % and control were non-significant from all groups. 

Table 4.3.1.4: FOURTH WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING THIRD TRIAL 

Treatment Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (1.0%) 406.13±25.32b 914.17±4.70b 2.27±0.14b 

Black Seed Oil (0.5%) 415.03±9.16b 908.33±0.33b 2.19±0.05b 

Flax Seed Oil (0.5%) 513.9±53.96a 918±5.01a 1.83±0.21ab 

Blend* (0.5%) 556.7±10.90a 922.67±0.17a 1.66±0.03a 

Blend* (1.0%) 505.07±68.89a 922.5±0.29a 1.90±0.26ab 

Blend* (1.5%) 591.13±28.17a 923±0.00a 1.57±0.08a 

Control 512.23±37.36a 921.2±2.60a 1.82±0.12ab 

Values in the same column with different subscripts are significantly (P<0.05) different.  

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 
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4.3.1.5. Fifth Week 

a. Weight Gain 

The maximum weight gain during fifth week of third trial was observed in the group 

having treatment black seed oil 0.5% that was 638.9g followed by control and olive oil 1.0% that 

is 636.13g and 631.13 respectively, whereas minimum weight gain was observed in the group 

having treatment flax seed oil 0.5% that was 562.8g (Table 4.3.1.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

weight gain due to varying levels of different oils in the feed of broiler birds.    

b. Feed Intake 

The maximum feed intake during fifth week of third trial was recorded in the control 

group that was 1133.7g followed by blend 1.0% & 1.5% that is 1132.3 and 1132.0 respectively, 

while minimum feed intake was recorded in the group having treatment flax seed oil 0.5% that 

was 1129g (Table 4.3.1.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed intake due to varying levels of different oils in the feed of broiler birds.    

c. Feed Conversion Ratio (FCR) 

The best FCR during fifth week of third trial was recorded in the group having treatment 

black seed oil 0.5% that was 1.78 followed by control and olive oil 1.0% that is 1.79 and 1.80 

respectively, whereas poorest FCR was recorded in the group having treatment flax seed oil 

0.5% that was 2.01 (Table 4.3.1.5). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

feed conversion ratio due to varying levels of different oils in the feed of broiler birds.   
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Table 4.3.1.5:  FIFTH WEEK WEIGHT GAIN, FEED INTAKE AND FEED 

CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS OF 

DIFFERENT OILS DURING THIRD TRIAL 

Treatment Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (1.0%) 631.13±32.27 1129.2±2.52 1.80±0.09 

Black Seed Oil (0.5%) 638.9±31.10 1130.5±3.5 1.78±0.09 

Flax Seed Oil (0.5%) 562.8±11.88 1129±3.5 2.01±0.05 

Blend* (0.5%) 613.9±16.94 1130.7±1.59 1.84±0.05 

Blend* (1.0%) 626.8±15.42 1132.3±1.01 1.81±0.04 

Blend* (1.5%) 593.37±19.33 1132±0.50 1.91±0.06 

Control 636.13±18.87 1133.7±0.17 1.79±0.05 

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 

4.3.1.6. Five Week Cumulative 

a. Weight Gain 

Overall maximum weight gain during the third trial was observed in the group having 

treatment blend 0.5% that was 1966.8g followed by blend 1.5% and control that is 1953.5g and 

1910.2g respectively, while minimum weight gain was recorded in the treatment having olive oil 

1.0% that was 1750.2g (Table 4.3.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on weight 

gain due to varying levels of different oils in the feed of broiler birds.  

Comparison of LSD test revealed that flax seed oil 0.5%, blend 0.5%, blend 1% and 

blend 1.5% differed non-significantly from the control but showed significant difference olive oil 

1% and black seed oil 0.5%. 

b. Feed Intake 

Overall maximum feed intake during third trial was recorded in the treatment having 

blend 1.5% and control that was 3198.7g followed by flax seed oil 0.5% and blend 0.5% that is 

3193.4g and 3193.0g respectively, whereas minimum feed intake was recorded in the group 

having treatment black seed oil 0.5% that was 3157.2g (Table 4.3.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

intake due to varying levels of different oils in the feed of broiler birds.  
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Comparison of LSD test revealed that olive oil 1%, black seed oil 0.5% showed 

significant difference from control group whereas flax seed oil 0.5%, blend 0.5%, blend 1% and 

blend 1.5% showed non-significant difference among them and from the control group. 

c. Feed Conversion Ratio (FCR) 

Overall highest FCR during the third trial was recorded in the group having treatment 

blend 0.5% that was 1.62 followed by blend 1.5% and 1.0% that is 1.64 and 1.68 respectively, 

while the poorest FCR was recorded in the group having treatment olive oil 1.0% that was 1.81 

(Table 4.3.1.6). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on feed 

conversion ratio due to varying levels of different oils in the feed of broiler birds.  

Comparison of LSD test revealed that olive oil 1%, black seed oil 0.5% showed 

significant difference from control group whereas flax seed oil 0.5%, blend 0.5%, blend 1% and 

blend 1.5% showed non-significant difference among them and from the control group. 

These results are in line with the findings of Goudarzi et al., (2015), they reported 

significant effect of flaxseed soil on weight gain of broiler birds. Similar findings have been 

observed by El-Bahra and Ahmed et al., 2012 and El-Sayed et al., 2013 who reported that olive 

oil has significant effect on weight gain of broiler birds. Similarly Eman et al., 2013 observed 

that the black seed oil significantly improved body weight of broiler birds. 

In contrast Starcevic et al., 2014 reported that flaxseed oil had non-significant effect on 

weight gain of broiler birds. These findings are supported by Lopez-Ferrer et al., 1999 they 

reported that flaxseed oil has non-significant effect on the weight gain of broiler birds. 

These results are in line with the observations of Maroufyan et al; (2012) who reported 

that omega-3 and omega-6 fatty acids in the broiler diets from various oil sources with different 

levels showed significantly better results with respect to feed intake. Gonzalez-Esquerra and 

Leeson (2000) suppoted the findings of current study that the feed intake may be improved by 

the inclusion of oils in the diet of broilers. Similar findings have been reported by (Lopez-Ferrer 

et al, 1999) that reported significant effect of flaxseed oil on feed intake.  

In contrast Ebeid et al., (2011), Bou et al., (2005), Febel et al., (2008), Olomu and 

Baracos (1991) and Zollitsch et al., (1997) they found that feed intake of broiler birds was not 

affected when the diets containing vegetable oils were offered. 
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In this trial the overall FCRs of the groups supplemented with the vegetable oils such as 

olive oil, black seed oil and flaxseed oil are better significantly than the control group which has 

no oil in the diet. These results are in line with the findings of the Maroufyan et al., (2012) and 

Gardiner, (1973) they concluded that the use of vegetable oils such as flaxseed oil, olive oil, 

black seed oil or fatty acids like omega-3 and omega-6 improves the Feed Conversion Ratio and 

feed efficiency of the broiler birds. 

  While in contrast Gonzalez-Esquerra and Leeson (2000) observed that feeding various 

oils had non-significant effect on the feed conversion ratio of the broiler birds. These differences 

in the results might be due to the different experimental conditions used in the studies.   

 Oils and fats improve the FCR, weight gain and feed intake. This might be due to the 

deceasing diet dust, due to decreasing dust the digestibility and adsorption of lipoprotein 

increased it also aids the adsorption of vitamins especially fat soluble (Leeson and Atteh, 1995). 

Dietary fats and oils decreased the rate of passage of digesta in the gastrointestinal track which 

increased the adsorption of nutrients which showed better growth and FCR than those fed diets 

without oil (Baio and Lara, 2005 and Moura, 2003).  

Table 4.3.1.6: FIVE WEEK CUMULATIVE WEIGHT GAIN, FEED INTAKE AND 

FEED CONVERSION RATIO OF BROILERS FED VARIOUS LEVELS 

OF DIFFERENT OILS DURING THIRD TRIAL 

Treatment Weight Gain (g) Feed Intake (g) Feed Conversion Ratio 

Olive Oil (1.0%) 1750.2±46.40b 3163.3±9.61b 1.81±0.05b 

Black Seed Oil (0.5%) 1791.8±18.56b 3157.2±1.92b 1.76±0.02b 

Flax Seed Oil (0.5%) 1893.5±68.25a 3193.4±7.70a 1.69±0.06a 

Blend* (0.5%) 1966.8±7.26a 3193±6.53a 1.62±0.00a 

Blend* (1.0%) 1902.8±44.22a 3192.6±3.53a 1.68±0.04a 

Blend* (1.5%) 1953.5±14.43a 3198.7±1.39a 1.64±0.01a 

Control 1910.2±8.82a 3198.7±5.93a 1.67±0.00a 

Values in the same column with different subscripts are significantly (P<0.05) different.  

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 
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4.3.2. Gut Parameters 

4.3.2.1. Gut Weight (including feces) Measurements 

a. Duodenum Weight 

Maximum weight of duodenum was observed in black seed oil 0.5% that was 29g 

followed by blend 0.5%, blend 1.0% and flaxseed 0.5% that is 28.83g and 27g  and 27g 

respectively, while minimum weight of duodenum was recorded in the treatment having olive 

oil1.0% that was 25.17g (Table 4.3.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

duodenum weight due to varying levels of different oils in the feed of broiler birds.    

b. Jejunum Weight 

Maximum weight of jejunum was observed in blend of oils 1.5% that is 75.33g followed 

by black seed oil 0.5% and blend 0.5% that is 74.67g and 73.33g respectively, while minimum 

jejunum weight was recorded in the treatment having control that was 69.33g (Table 4.3.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

jejunum weight due to varying levels of different oils in the feed of broiler birds.   

c. Illium Weight 

Maximum weight of ilium was observed in blend of oil 0.5% that was 71.5g followed by 

blend 1.0% and blend 1.5% that is 70.33g and 67.67g respectively; while minimum iIlium 

weight was recorded in the treatment having olive oil is 1.0% that was 58.83g (Table 4.3.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

illium weight due to varying levels of different oils in the feed of broiler birds.    

d. Large Intestine Weight 

Maximum weight of large intestine was observed in olive oil 1.0% that was 12.67g 

followed by blend 1.0% and black seed oil 0.5% that is 11.5g and 11.17g respectively while 

minimum large intestine weight was recorded in in the treatment having blend 1.5% that was 

10.13g (Table 4.3.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

large Intestine weight due to varying levels of different oils in the feed of broiler birds.    

e. Intestinal Weight: 

Maximum intestinal weight was observed in black seed oil 0.5% that was 116.5g 

followed by olive oil 1.0% and blend 1.0% that is 107.33g and 97.83g respectively. While 
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minimum intestinal weight was recorded in the treatment having control was 77.5g (Table 

4.3.2.1). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

intestinal weight due to varying levels of different oils in the feed of broiler birds.  

Comparison of LSD test revealed non-significant difference between olive oil 1% black 

seed oil 0.5%, flax seed oil 0.5% and blend 1% but these differed significantly from blend 0.5%, 

blend 1.5% and control, whereas these were also similar with the treatments having blend 1% 

and flax seed oil 0.5%,. 

f. pH of Intestine: 

Maximum pH of Intestine was observed in olive oil 1.0% that is 6.12 followed by flax 

seed oil 0.5% that is 6.08, while minimum pH of Intestine was recorded in the control was 6.03 

(Table 4.3.2.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on pH 

of intestine due to varying levels of different oils in the feed of broiler birds.    

These findings are supported by Zarei et al., (2011) they reported that use of olive oil 

significantly improved the weight of intestine. Similar findings were observed by Saleem, 2005 

and Ashayerizadeh et al., 2009, they reported that black seed oil improved the gastrointestinal 

track of the broilers and as a result digestibility of the birds improved.  

This improvement in the gut parameters might be due to the reason that oils and fats 

decrease the diet dust and as result digestibility increased (Leeson and Atteh, 1995). Herbs and 

oils have antimicrobial properties that are why the gastrointestinal tract improved (Windisch et 

al., 2008). 
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Table 4.3.2.1: DUODENUM, JEJUNUM, ILIUM, LARGE INTESTINE, INTESTINAL 

WEIGHT AND pH OF INTESTINE OF BROILERS FED VARIOUS 

LEVELS OF DIFFERENT OILS 

Treatment Duodenum Jejunum Ilium 
Large 

Intestine 

Intestine 

Weight 

pH of 

Intestine 

Olive Oil 

(1.0%) 
25.17±1.48 69.67±0.88 58.83±2.17 12.67±0.67 107.33±6.67a 6.12±0.09 

Black Seed 

Oil (0.5%) 
29±0.76 74.67±0.93 67.17±4.63 11.17±0.60 116.5±10.32a 6.05±0.06 

Flax Seed 

Oil (0.5%) 
27±1.00 71.67±1.01 66.67±1.01 10.5±0.87 96.17±6.71ab 6.08±0.04 

Blend* 

(0.5%) 
28.83±1.33 73.33±4.60 71.5±10.4 10.67±0.60 91.5±6.26b 6.05±0.05 

Blend* 

(1.0%) 
27±0.50 71.5±4.25 70.33±3.24 11.5±0.50 97.83±5.96ab 6.05±0.03 

Blend* 

(1.5%) 
26.83±1.09 75.33±5.10 67.67±3.77 10.17±0.17 87.83±8.85b 6.05±0.08 

Control 26±0.76 69.33±4.38 61.33±3.92 10.33±0.93 77.5±6.53b 6.03±0.06 

Values in the same column with different subscripts are significantly (P<0.05) different.  

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 

 

4.3.2.2. Gut Morphology 

a. Duodenum Villus Height 

Maximum Duodenum Villus Height was observed in Blend 0.5% that was 1368.3µm 

followed by Blend 1.0% and blend 1.5% that is 1367.7 µm and 1365.0µm respectively, while 

minimum Duodenum Villus Height was recorded in the treatment having control was 1353.7 µm 

(Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Duodenum Villus Height due to varying levels of different oils in the feed of broiler birds. 
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b. Duodenum Crypt Depth  

Maximum Duodenum Crypt Depth was observed in blend 1.0% that was 235.2 µm 

followed by Flax Seed Oil 0.5% and Blend 0.5% that is 235.1 µm and 234.6 µm respectively; 

while minimum Duodenum Crypt Depth was recorded in the treatment having control was 230.0 

µm (Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Duodenum Crypt Depth due to varying levels of different oils in the feed of broiler birds.  

c.        Duodenum Villus Surface Area 

Maximum similar Duodenum Villus Surface Area was observed in olive oil 1.0%, black 

seed oil 0.5%, flax seed oil 0.5% and blend 1.5% that was 0.32mm2, while minimum Duodenum 

Villus Surface Area was recorded in the treatment having blend 0.5%, blend 1.0% and control 

that was  0.31mm2 (Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Duodenum Villus Surface Area due to varying levels of different oils in the feed of broiler birds.  

d. Jejunum Villus Height 

Maximum Jejunum Villus Height was observed in black seed oil 0.5% that was 137.1 

micro mm followed by olive oil 1.0%, flaxseed oil 0.5% and blend 1.5%  that was 135.2micro 

mm. while minimum Jejunum Villus Height was recorded in the treatment having control that 

was 132.6 micro m (Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Jejunum Villus Height due to varying levels of different oils in the feed of broiler birds.  

e. Jejunum Crypt Depth 

Maximum Jejunum Crypt Depth was observed in flax seed oil 0.5% that was 225.3 µm 

followed by blend 1.5% and black seed oil 0.5% that was 222.0 µm and 220.2 µm respectively, 

while minimum Jejunum Crypt Depth was recorded in the treatment having olive oil 1.0 % that 

was 215.1 µm (Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Jejunum Crypt Depth due to varying levels of different oils in the feed of broiler birds. 
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f. Jejunum Villus Surface Area 

Maximum Jejunum Villus Surface Area was observed in flax seed oil 0.5% that was 0.26 

mm2 followed by blend 0.5% , blend 1.0% , blend 1.5% and control that was 0.25 mm2,  while 

minimum Jejunum Villus Surface Area was recorded in the treatment having olive oil 1.0% and 

black seed oil 0.5%   that was 0.24mm2 (Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Jejunum Villus Surface Area due to varying levels of different oils in the feed of broiler birds 

g. Illium Villus Height 

Maximum Illium Villus Height was observed in black seed oil 0.5% that was 814.2 µm 

followed by blend 0.5% and blend 1.0% that was 811.8 µm and 808.4 µm respectively, while 

minimum Illium Villus Height was recorded in the treatment having control that was 795.0 µm 

(Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on Illium 

Villus Height due to varying levels of different oils in the feed of broiler birds. 

h. Illium Crypt Depth 

Maximum  Illium Crypt Depth was observed in blend 1.0% that was 150.1 µm followed 

by flax seed oil 0.5% and blend 1.5% that was 148.6 µm and 148.4 µm respectively, while 

minimum Illium Crypt Depth was recorded in the treatment having control that was 142.9 µm 

(Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Illium Crypt Depth due to varying levels of different oils in the feed of broiler birds.  

i. Illium Villus Surface Area 

Maximum Illium Villus Surface Area was observed in black seed oil 0.5%, that was 

0.14mm2 followed by olive oil 1%, flax seed oil 0.5%, blend 0.5%, blend 1.0% and  blend 1.5%  

that was 0.13mm2, while minimum Illium Villus Surface Area was recorded in the treatment 

having control that was 0.12mm2 (Table 4.3.2.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Illium Villus Surface Area due to varying levels of different oils in the feed of broiler birds.  
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These results are in line with the findings of (Damir et al., 2005) that vegetable oil has 

non- significant effect on the morphological parameters of broiler’s gut. These results are also 

supported by (Jamroz et al., 2006) they found that vegetable oil having no effect on Villi length 

and crypt depth in jejunum and colon of broiler. Conflicting report on morphological parameters 

has been reported by (Windisch et al., 2008) they found increase in villi length by the use of 

vegetable oils. All the three oils and blend of three oils showed almost similar effects it might be 

due to the presence of poly unsaturated fatty acids in all the three oils. 

 

 



  

 

 

102 

Table 4.3.2.2: VILLUS HEIGHT, CRYPT DEPTH AND VILLUS SURFACE AREA OF DUODENUM, JEJUNUM AND 

ILIUM OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS 

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 

 

 

 

 

 

Treatment Duodenum 

Villus 

Height (µm) 

Duodenum 

Crypt 

Depth 

(µm) 

Duodenum 

Villus 

Surface 

Area 

(mm2) 

Jejunum 

Villus 

Height 

(µm) 

Jejunum 

Crypt 

Depth 

(µm) 

Jejunum 

Villus 

Surface 

Area 

(mm2)  

Illium  

Villus 

Height 

(µm) 

Illium  

Crypt 

Depth 

(µm) 

Illium 

Villus 

Surface 

Area 

(mm2) 

Olive Oil 

(1.0%) 

1353.7+13.8 231.6+1.6 0.32+0.01 135.1+2.6 215.1+2.9 0.24+0.00 803.6+12.2 145.7+1.1 0.13+0.00 

Black Seed 

Oil (0.5%) 

1354.3+2.9 233.2+1.1 0.32+0.01 137.1+1.7 220.2+5.3 0.24+0.02 814.2+5.6 144.0+1.6 0.14+0.00 

Flax Seed Oil 

(0.5%) 

1362.0+1.2 235.1+1.8 0.32+0.01 135.3+1.2 225.3+2.8 0.26+0.01 802.0+6.2 148.6+0.5 0.13+0.00 

Blend* (0.5%) 1368.3+1.7 234.6+2.3 0.31+0.01 133.7+2.2 219.7+3.1 0.25+0.01 811.8+4.4 146.4+3.1 0.13+0.00 

Blend* (1.0%) 1367.7+1.5 235.2+1.1 0.31+0.02 136.3+2.2 219.7+2.5 0.25+0.00 808.4+7.3 150.1+3.0 0.13+0.00 

Blend* (1.5%) 1365.0+2.6 232.5+1.9 0.32+0.01 135.2+1.2 222.0+4.0 0.25+0.02 796.7+10.9 148.4+1.3 0.13+0.01 

Control 1364.3+2.4 230.0+0.6 0.31+0.01 132.6+1.8 219.7+3.0 0.25+0.01 795.0+7.6 142.9+1.0 0.12+0.00 
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4.3.3. Sensory Evaluation 

4.3.3.1. Breast Meat 

a. Juiciness of Breast Meat 

Maximum value of juiciness was observed in black seed oil 0.5% that was 5.06 followed 

by blend of oil 1.0% and blend 1.5% that is 4.94 and 4.72 respectively, while minimum juiciness 

value was recorded in the treatment having flax seed oil 0.5% that was 4.22 (Table 4.3.3.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

juiciness due to varying levels of different oils in the feed of broiler birds.    

b. Tenderness of Breast Meat 

Maximum value of tenderness was observed in blend 1.0% that was 5.5 followed by 

blend of oil 1.5% and flax seed oil 0.5% that is 5.39 and 5.22 respectively, while minimum value 

of tenderness was recorded in the treatment having control that was 4.89 (Table 4.3.3.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

tenderness due to varying levels of different oils in the feed of broiler birds.    

c. Chicken Flavor Intensity of Breast Meat 

Maximum best value of chicken flavor intensity was observed in blend of oil 1.5% that 

was 6.22 followed by black seed oil 0.5%, flax seed oil 0.5%  and blend 1% that is 6.06 , 5.56 

and 5.56 respectively, while minimum value of chicken flavor was recorded in the treatment 

having olive oil 1.0% and blend 0.5% that was 5.11 (Table 4.3.3.1).  

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

Chicken Flavor due to varying levels of different oils in the feed of broiler birds.    

d. Abnormal Flavor Intensity of Breast Meat 

Maximum abnormal flavor intensity was observed in blend of oil 0.5% that was 2.67 

followed by flax seed oil 0.5%, blend 1.5% and control that is 2.61 and 2.44 and 2.44 

respectively, while minimum abnormal flavor intensity was recorded in the treatment having 

black seed oil 0.5% that was 2.06 (Table 4.3.3.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

abnormal flavor intensity due to varying levels of different oils in the feed of broiler birds.    
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e. Over-All Acceptability of Breast Meat 

Maximum overall acceptability was observed in blend of oil 1.0% that was 6.39 followed 

by blend 1.5% and black seed oil 0.5% that is 6.0 and 5.83 respectively, while the minimum  

overall acceptability was recorded in the treatment having control that was 5.33 (Table 4.3.3.1). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

over-all acceptability due to varying levels of different oils in the feed of broiler birds.    

These findings are in line with the findings of Lopez-Ferrer et al., 1999 and Gonzalez- 

Esquerra and Leeson, 2001, they reported that sensory evaluation of the meat of broiler birds fed 

with different oils showed non-significant difference from control. These results are also 

supported by Mridula et al., 2011, they also found non- significant effect of different oils on the 

sensory evaluation of broiler meat. 

It was also reported that different herbs including black seed improved the palatability 

and flavor of the broiler meat (Windisch et al., 2008). Feeding of different vegetable oils in the 

broilers improves the tenderness, juiciness, palatability and flavor of their meat especially by the 

feeding of flaxseed oil. It might be due to the presence of omega-3in the flaxseed oil (Ahmed et 

al, 2013a, Zelenka et al., 2008 and Osek et al., 2012).  

Table 4.3.3.1: SENSORY EVALUATION BREAST MEAT OF BROILERS FED 

VARIOUS LEVELS OF DIFFERENT OILS 

Treatment Juiciness Tenderness 
Chicken 

Flavor 

Abnormal 

Flavor 

Over All 

Acceptability 

Olive Oil (1.0%) 4.61±0.87 5.06±0.40 5.11±0.81 2.22±0.11 5.67±0.35 

Black Seed Oil 

(0.5%) 
5.06±0.39 5.17±0.44 6.06±0.40 2.06±0.28 5.83±0.10 

Flax Seed Oil 

(0.5%) 
4.22±0.15 5.22±0.40 5.56±0.11 2.61±0.40 5.61±0.20 

Blend* (0.5%) 4.28±0.63 5.06±0.55 5.11±1.07 2.67±0.19 5.78±0.28 

Blend* (1.0%) 4.94±0.58 5.5±0.50 5.56±0.39 2.33±0.35 6.39±0.11 

Blend* (1.5%) 4.72±0.72 5.39±0.43 6.22±0.43 2.44±0.29 6±0.29 

Control 4.56±0.47 4.89±0.20 5.44±0.42 2.44±0.06 5.33±0.33 

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 
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4.3.3.2. Leg Meat 

a. Juiciness of Leg Meat 

Maximum juiciness was observed in olive oil 1.0% that was 5.44 followed by black seed 

oil 0.5% and flax seed oil 0.5% that is 5.0 and 4.94 respectively, while the minimum juiciness 

was recorded in the treatment having blend 1.0% that was 4.33 (Table 4.3.3.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

juiciness due to varying levels of different oils in the feed of broiler birds.    

b. Tenderness of Leg Meat 

Maximum tenderness was observed in control that was 5.56 followed by flax seed oil 

0.5% and black seed oil 0.5% that is 5.28 and 5.17 respectively, while the minimum tenderness 

was recorded in the treatment having blend is 1.0% that was 4.56 (Table 4.3.3.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

tenderness due to varying levels of different oils in the feed of broiler birds.    

c. Chicken Flavor Intensity of Leg Meat 

Maximum chicken flavor intensity was observed in blend of oil 1.5% that was 5.94 

followed by control and flax seed oil 0.5% that is 5.89 and 5.72 respectively, while the minimum 

chicken flavor intensity was recorded in the treatment having blend 1.0% that was 5.06 (Table 

4.3.3.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

chicken flavor intensity due to varying levels of different oils in the feed of broiler birds.    

d. Abnormal Flavor Intensity of Leg Meat 

Maximum abnormal flavor intensity was observed in olive oil 1.0%, black seed oil 0.5% 

that is 2.56g followed by blend 1.5%, control and flaxseed 0.5% that is 2.44, 2.44 and 2.39 

respectively, while the minimum abnormal flavor intensity was recorded in the treatment having 

blend 1.0% that was 2.22 (Table 4.3.3.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

abnormal flavor intensity due to varying levels of different oils in the feed of broiler birds.    

e. Over-All Acceptability of Leg Meat 

Maximum value of overall acceptability was observed in flax seed oil 0.5% that is 6.11g 

followed by blend 1.0% and 1.5% that is 6.0 and 5.89 respectively, while minimum value of 
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overall acceptability was record in the treatment having blend 0.5% that was 5.55 (Table 

4.3.3.2). 

Statistical analysis of the experimental data showed non-significant (P<0.05) effect on 

over-all acceptability due to varying levels of different oils in the feed of broiler birds.    

These results are supported by Mridula et al., 2011, who found non- significant effect of 

different oils on the sensory evaluation of broiler meat. These findings are in line with the 

findings of Lopez-Ferrer et al., 1999, Gonzalez- Esquerra and Leeson, 2001, who reported that 

sensory evaluation of the meat of broiler birds fed with different oils showed non-significant 

difference.  

Feeding of different vegetable oils in the broilers increased the tenderness, juiciness, 

palatability and flavor of their meat especially by the feeding of flaxseed oil. It might be due to 

the presence of omega-3in the flaxseed oil (Ahmed et al, 2013a, Zelenka et al., 2008 and Osek et 

al., 2012). Windisch et al., (2008) reported that different herbs including black seed improves the 

palatability and flavor of the broiler meat.  

Table 4.3.3.2:  SENSORY EVALUATION LEG MEAT OF BROILERS FED VARIOUS 

LEVELS OF DIFFERENT OILS 

Treatment Juiciness Tenderness 
Chicken 

Flavor 

Abnormal 

Flavor 

Over All 

Acceptability 

Olive Oil (1.0%) 5.44±0.10 5.06±0.24 5.5±0.10 2.56±0.22 5.61±0.22 

Black Seed Oil 

(0.5%) 
5±0.59 5.17±0.60 5.56±0.55 2.56±0.20 5.72±0.55 

Flax Seed Oil 

(0.5%) 
4.94±0.89 5.28±0.81 5.72±0.53 2.39±0.43 6.11±0.15 

Blend* (0.5%) 4.61±0.39 4.72±0.20 5.61±0.15 2.28±0.28 5.5±0.48 

Blend* (1.0%) 4.33±0.35 4.56±0.31 5.06±0.22 2.22±0.29 6±0.44 

Blend* (1.5%) 4.83±0.42 4.61±0.45 5.94±0.20 2.44±0.34 5.89±0.24 

Control 4.67±0.19 5.56±0.55 5.89±0.29 2.44±0.24 5.78±0.22 

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 
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4.3.4. Lipid Profile of Meat 

4.3.4.1. Oleic Acid (%) 

The Maximum level of oleic acid was found in the meat samples from the group having 

treatment blend 1.5% that was 0.22% followed by olive oil 1.0% and blend 1.0% that is 0.16% 

and 0.08% respectively, whereas minimum level oleic acid was found in the control group that 

was 0.01% (Table 4.3.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on oleic 

acid due to varying levels of different oils in the feed of broiler birds.  

Comparison of mean values by LSD test revealed that treatments having olive oil 1% and 

blend 1.5% differed significantly from all groups including control but these were non-

significant from each other, whereas other all groups including control were non-significant with 

each other. 

4.3.4.2. Linoleic Acid (%) 

The maximum level of linoleic acid was found in the meat from the group having 

treatment black seed oil 0.5% that was 0.22% followed by flax seed oil 0.5%, blend 1.5% and 

blend 1.0% that is 0.16%,0.16% and 0.13% respectively, whereas minimum level of linoleic acid 

was found in control group that was 0.01% (Table 4.3.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Linoleic Acid due to varying levels of different oils in the feed of broiler birds.  

Comparison of mean values by LSD test revealed that treatments having black seed oil 

0.5%, flax seed oil 0.5%, blend 1%, and blend 1.5% differed significantly from all groups 

including control but these these were non-significant from each other, whereas other all groups 

including control were non-significant from each other 

4.3.4.3. Linolenic Acid (%) 

The maximum level of linolenic acid was found in the meat of group having treatment 

flax seed oil 0.5% that was 0.15% followed by treatments having blend 1.5% &1.0% that is 

0.09% and 0.08% respectively, whereas minimum level of linolenic acid was found in the 

control and olive oil 1%  that was 0.003% (Table 4.3.4). 

Statistical analysis of the experimental data showed significant (P<0.05) effect on 

linolenic acid due to varying levels of different oils in the feed of broiler birds.  
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Comparison of mean values by LSD test revealed that the treatments having flax seed oil 

0.5% differed significantly from all the groups including control but all the groups were non-

significant from each other, whereas all groups differed significantly from control. 

These results are supported by Gonzalez- Esquerra and Leeson, 2000 and 2001 and 

Balevi and Coskun, 2000, they investigated that the use of various vegetable oils in the diet of 

broilers enriched fatty acid profile of the meat with n-3 and n-6 fatty acids. Similar findings were 

observed by Olomu and Baracos 1991, An et al, 1997 and Treu et al., 2009, they all reported that 

use of vegetable oils in the feed of broilers significantly improved fatty acid profile of broiler 

meat. 

Table 4.3.4: OLEIC, LINOLEIC, AND LINOLENIC ACID CONCENTRATION IN 

MEAT OF BROILERS FED VARIOUS LEVELS OF DIFFERENT OILS 

Treatment Oleic Acid (%) Linoleic Acid (%) Linolenic Acid (%) 

Olive Oil (1.0%) 0.16±0.03a 0.09±0.01b 0.003±0.00c 

Black Seed Oil (0.5%) 0.07±0.02b 0.22±0.06a 0.07±0.00bc 

Flax Seed Oil (0.5%) 0.04±0.01b 0.16±0.02a 0.15±0.03a 

Blend* (0.5%) 0.06±0.01b 0.05±0.01b 0.07±0.01b 

Blend* (1.0%) 0.08±0.01b 0.13±0.04a 0.08±0.01b 

Blend* (1.5%) 0.22±0.10a 0.16±0.03a 0.09±0.01b 

Control 0.01±0.00b 0.01±0.01b 0.003±0.00c 

Values in the same column with different subscripts are significantly (P<0.05) different.  

*Blend contains 50% olive oil, 25% black seed oil and 25% flax seed oil 

4.3.5. Mortality 

No mortality was recorded during third trial. 

4.3.6. Economics of third trial 

During third trail maximum profit was calculated in the control group that was 41.53 

rupees followed by blend 0.5% and flax seed oil 0.5% that was 37.6195 and 35.3425 rupees 

respectively, whereas minimum profit was recorded in case of treatment having olive oil 1% that 

was 4.27 rupees (Table 4.3.6).  
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4.3.6. Message from third trial: 

Best cumulative FCR during third trial was recorded in the group having treatment blend 

0.5% followed by blend 1.5%. This showed that blend of three oils showed best performance. As 

for as fatty acid profile of the meat is concerned blend 1.5% showed excellent results but as 

economics is concerned blend 0.5% was more profitable. Lipid of the meat of the group fed with 

blend 0.5% was moderate, so it can be concluded that from third trial blend 0.5% was the best. 

4.3.7. Conclusion 

From the first two trials among all treatments the olive oil 1%, black seed oil 0.5% and 

flax seed oil 0.5% levels performed better in FCR point of view and immune response point of 

view. That’s why these levels were selected for the third trial, whereas from third trial the blend 

0.5% (50% olive oil+ 25% black seed oil+ 25% flax seed oil) performed better in terms of FCR 

and immune response. 

4.3.8. Recommendations 

Keeping in view all the results of the research it is recommended that flax seed oil 0.5% 

and blend 0.5% (50% olive oil+ 25% black seed oil+ 25% flax seed oil) can be used for efficient 

broiler production. These oils showed best performance, immune response and were economical 

also. 
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Table 4.3.6: ECONOMICS OF BROILERS FED VARIOUS LEVELS OF DIFFERENT 

OILS IN THIRD TRIAL 

Economic 

Factors 

Olive 

(1.0%) 

Black 

Seed 

(0.5%) 

Flax Seed 

(0.5%) 

Blend* 

(0.5%) 

Blend* 

(1.0%) 

Blend* 

(1.5%) 
Control 

Cost of Chick 

(Rs.) 
35 35 35 35 35 35 35 

Feed 

Consumed 

(Kg/Bird) 

3.16 3.15 3.19 3.19 3.19 3.19 3.19 

Cost of Feed 

/Kg (Rs.) 
40 40 40 40 40 40 40 

Feeding 

Cost/Bird  (Rs.) 
122.4 120 122.8 122 122 121.2 121.2 

Cost of 

Management  

(Rs.) 

5.97 5.97 5.97 5.97 5.97 5.97 10.97 

Oil Inclusion 

Rate (%) 
1 0.5 0.5 0.5 1 1.5 

 

Cost oil /ml 

(Rs.) 
0.6 0.9 0.25 0.59 0.59 0.59 

 

Oil Used Per 

Bird (ml) 
30.6 15 15.35 15.25 30.5 45.45 0 

Cost Of Oil / 

Treatment (Rs.) 
18.36 13.5 3.8375 8.9975 17.995 26.8155 0 

Body 

Weight/Bird 

(Kg) 

1.75 1.79 1.89 1.96 1.90 1.95 1.91 

Live 

Weight/Kg 

(Rs.) 

100 100 100 100 100 100 100 

Income / Bird 

(Rs.) 
186 193 196 207 203 201 201 

Expandituer 

Per Bird (Rs.) 
181.73 174.47 167.6075 171.9675 180.965 188.9855 167.17 

Profit Per Bird 

(Rs.) 
6.17 15.755 35.3425 37.6192 21.609 17.6985 41.53 
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CHAPTER V 

SUMMARY  

This study was conducted at Poultry Research Centre University of Agriculture 

Faisalabad, Pakistan to investigate the effect of olive, black and flax seed oils on growth 

performance and immune response of broiler chicks. The experiment comprised of three trials 

and there were three hundred birds in 1st and 2nd trial while in 3rd trial there were 210 birds. Day 

old broiler chicks were procured from a hatchery and were grouped into thirty experimental units 

having ten chicks each. Three levels (0.5, 1.0 and 1.5%) of olive, black and flax seed oils were 

offered having three replicates in each level. One group containing three replicates served as 

controls which were fed commercial ration without supplementation of experimental oils.  

During first trial data on body weight, feed intake was collected weekly to calculate feed 

conversion ratio. Blood samples of three birds from each replicate were collected at the end of 

experiment to estimate the serum triglycerides, serum cholesterol, low density lipoprotein and 

high density lipoprotein. Three birds from each replicate were slaughtered to measure dressing 

percent organs (liver, gizzard, heart, lungs, kidneys and spleen) and glands weights (pancreas, 

bursa of fabricious, thymus, adrenal and pituitary). Serum samples were taken to estimate titre 

against ND and IBD at 32nd and 35th day, respectively.  

For second trial, again 300 day old chicks were divided into 30 experimental unit having 

ten chicks each and were allocated the treatments in similar pattern as in first trial. During 

second trial humoral response and cell mediated immune response were assessed. Titre against 

ND and IBD were observed weekly.  

During third trial best levels of oils ( Olive oil 1.0%, black seed oil 0.5% and of flax seed 

oil 0.5% ) from previous trials and three levels( 0.5%, 1.0% and 1.5% ) of blend (50% olive oil + 

25% black seed oil + 25% flax seed oil ) of three oils along with control having no oil were 

applied. For this purpose, 210 day old chicks were purchased and were divided into 21 

experimental units having ten chicks each. Data on weekly body weight, feed consumption were 

recorded to calculate feed conversion ratio. Intestinal pH, weight, length and histomorphology 

were recorded. Fatty acid profile and sensory evaluation of meat was also conducted during 3rd 

trial. Data collected were subjected to statistical analysis using analysis of variance technique 

under Completely Randomized design. Treatment means were compared by Least Significant 

Difference test. Economics for each treatment during all trials were also calculated.  
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During the first trail overall weight gain was significantly (P<0.05) maximum in the 

treatment having flax seed oil 0.5%  that was1720.6g followed by the treatment having olive oil 

1.0% and olive oil 0.5%, while minimum weight gain was recorded in the treatment having 

control that was 1489g. Significantly (P<0.05) best overall FCR was observed in the treatment 

having olive oil 1.0% that is 1.72 followed by the treatment having flax seed oil 0.5% and black 

seed oil 0.5% while the poorest FCR was recorded in the treatment having control that was 1.98. 

Serum cholesterol, HDL, LDL and triglycerides levels of broilers fed various levels of 

different oils were non-significant. Similarly Pancreas, Bursa, Thymus, Adrenal and Pituitary 

gland weights of broilers fed various levels of different oils were also non-significant. Non-

significant results have been observed in case of liver, gizzard, heart, lungs, kidney, spleen and 

abdominal fat weights of broilers fed various levels of different oils. Live weight, dressed weight 

and dressing percentage of broilers fed various levels of different oils showed non-significant 

differences. Statistical analysis of the experimental data showed significant (P<0.05) effect on 

Newcastle disease titre due to varying levels of different oils in the feed of broiler birds. 

Maximum value of Newcastle disease (ND) titre was observed in the treatment having black 

seed oil 0.5% that was 213.33 which was followed by all levels of olive oil and flax seed oil 

1.5%. Minimum value of ND titre was observed in control that was 53.33, while non-significant 

results have been observed in case of infectious bursal disease titre. 

During second trial overall maximum weight gain was observed in the group having 

treatment flax seed oil 0.5% that was 1945g followed by black seed oil 0.5% and olive oil 1.0%, 

whereas minimum weight gain was observed in treatment having olive oil 0.5% that was 

1778.7g. Overall maximum feed intake was recorded in the group having treatment flax seed oil 

1.5% that was 3202.8g followed by control and having treatment black seed oil 1.5% whereas 

minimum feed intake was recorded in the treatment having flax seed oil 1.0% that was 3137g. 

Overall FCR was best in the group having flax seed oil 0.5% that was 1.61 followed by 

treatments having black seed oil 0.5% and flax seed oil 1.5% whereas the poorest FCR was 

recorded in the control and olive oil 0.5% that was 1.79.     

ND titre was significantly best in the treatment of olive oil 1.0% and flax seed oil 1.0% 

that was 6.67 while minimum value was observed in the treatment black seed oil 1.5% and flax 

seed oil 1.5% that was 2 during 1st week. ND titre was significantly best in the treatments olive 

oil 1.0%&1.5% and flax seed oil 1.5% that was 16 whereas minimum value of ND titre was 
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observed under the treatment of black seed oil 0.5% & 1.5% that was 6.67 during 2nd week. ND 

titre was significantly best under the treatments of olive oil 0.5%, black seed oil 0.5%&1.0% that 

was 192 and minimum ND titre was observed in the control that was 58.67 during 5th week, 

while during 3rd and 4th week ND titre differ non-significantly between the treatments. 

IBD titer was significantly maximum in the treatments olive oil 0.5%&1.5% that was 

106.67 and minimum value has been recorded in the treatment black seed oil 0.5% that was 

42.67 during 5th week, while during 1st, 2nd, 3rd and 4th week IBD titre differ non-significantly 

between the treatments. 

Significantly maximum value of total anti sheep red blood cells antibody titre of broilers 

fed various levels of different oils was recorded at 7th day post-secondary injection in the 

treatment having black seed oil 1.0% that is 533.33 followed by black seed oil 0.5% and olive oil 

1.5% while minimum value of Total Ig was recorded in the treatment having flax seed oil 1.0% 

and 1.5%that was 48. Maximum value was recorded at 14th day post-secondary injection in the 

treatment having flax seed oil 0.5% that is 405.33 followed by control and flax seed oil 1.0% 

while minimum value of Total Ig was recorded in the treatment having olive oil 1.5% that was 

50.67,while non-significant results were found at 7th and 14th day post primary injection. 

Significantly maximum value of immunoglobulin M anti sheep red blood cells antibody 

titre of broilers fed various levels of different oils was recorded at 7th day post-secondary 

injection in the treatment having black seed oil 1.0 % that was 472 followed by black seed oil 

0.5% and olive oil 1.5% while minimum value of Ig M was recorded in the treatment having flax 

seed oil 1.0 that was 26.67. Significantly maximum value of Ig M was recorded at 14th day post-

secondary injection in the treatment having flax seed oil 0.5% that was 395.33 followed by 

control and flax seed oil 1.0% while minimum value of Ig M was recorded in the treatment 

having olive oil 1.5 that was 30, while non-significant results were observed at 7th and 14th day 

post primary injection. 

Significantly maximum value of Immunoglobulin G anti sheep red blood cells antibody 

titre of broilers fed various levels of different oils was recorded at 7th day post-secondary 

injection in the treatment having black seed oil 0.5% that was 145.33 followed by black seed oil 

1.0% and olive oil 1.5% while minimum value of Ig M was recorded in the treatment having flax 

seed oil 1.5 that was 14.67, while non-significant results were observed at 7th and 14th day post 

primary injection and 14th day post-secondary injection.  
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In Vivo Lymphoproleferative Response to PHA-P of broilers fed various levels of 

different oils showed non-significant effect. 

Overall maximum significant weight gain during the third trial was observed in the group 

having treatment blend 0.5% that was 1966.8g followed by blend 1.5% and control, while 

minimum weight gain was recorded in the treatment having olive oil 1.0% that was 1750.2g. 

Overall maximum significant feed intake during third trial was recorded in the treatment having 

blend 1.5% and control that was 3198.7g followed by flax seed oil 0.5% and blend 0.5%, 

whereas minimum feed intake was recorded in the group having treatment black seed oil 0.5% 

that was 3157.2g. Overall maximum significant FCR during the third trial was recorded in the 

group having treatment blend 0.5% that was 1.62 followed by blend 1.5% and 1.0%, while the 

poorest FCR was recorded in the group having treatment olive oil 1.0% that was 1.81. 

Significantly maximum value of intestinal weight was observed in black seed oil 0.5% 

that was 116.5g followed by olive oil 1.0% and blend 1.0% while minimum value of intestinal 

weight was record in the treatment having control was 77.5g, while non-significant differences 

among treatments were shown in case of duodenum, jejunum, ilium, large intestine and pH of 

intestine of broilers fed various levels of different oils. 

Sensory evaluation of both breast and leg meat of broilers fed various levels of different 

oils showed non-significant effect. 

Significantly maximum level of oleic acid was found in the meat samples from the group 

having treatment blend 1.5% that is 0.22% followed by olive oil 1.0% and blend 1.0%, whereas 

minimum level oleic acid was found in the control group that is 0.01%. Significantly maximum 

level of linoleic acid was found in the meat from the group having treatment black seed oil 0.5% 

that is 0.22% followed by flax seed oil 0.5% and blend 1.5%, whereas minimum level of linoleic 

acid was found in control group that is 0.01%. Significantly maximum level of linoleinic acid 

was found in the meat of group having treatment flax seed oil 0.5% that is 0.15% followed by 

treatments having blend 1.5% &1.0%, whereas minimum level of linoleinic acid was found in 

the control group that is 0.003%. 

It was concluded flax seed oil 0.5% and blend 0.5% are more economical than other all 

treatments. 
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