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Abstract | The purpose of this study was to decrease the cost of feed without adversely affecting broilers performance.
An experiment was conducted to study the effect of functional oils (soybean oil and castor oil) in diets with different
metabolizable energy (ME) levels i.e. 2850, 2750 and 2650 kcal ME/kg on the overall performance of broiler chickens
from 1 to 42 days. Two hundred and forty, day-old Cobb broiler chicks were randomly divided into four groups with
three replicates per group. The results showed that mixing functional oils in feed improved live weight and feed conversion ratio (FCR) of the birds compared with diets with the same ME level. Moreover, functional oils when mixed
in weak diets with ME (2750 kcal) showed similar results as control group where ME (2850 kcal) without functional
oils. There was a significant difference (P > 0.05) in live body weight, feed intake, FCR, size of intestine while non-significant difference (P < 0.05) in water intake among the groups. Hence it was concluded that addition of functional
oils in low energy diets could decrease the cost of feed without any negative effects on production and economics of
broiler chickens as compared to high energy diet.
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Introduction

sumption of poultry birds amongst those hot climatic
conditions is of prime importance. Under such condition
utritional management is one of the most important poultry birds remains under heat stress due to exposure of
aspects for poultry industry. Improvement of poultry external temperature and in addition internal heat producproduction depends on the healthy nutrition that includes tion. Heat stress causes drop in feed intake thus results in
feeding of balanced diet which must fulfill basic require- low weight gain that is reason for great economic loss to
ments. Economics of poultry industry mainly depends on poultry. To combat with such circumstances, adjustments
the cost efficient feed, for this purpose least cost formu- need to be made in feed formulation by using more dietary
lation systems are developed, using such systems availa- fat as energy source instead of carbohydrates (Navidshad,
bility of good quality feed in adequate quantity at a price 2009). Fat is usually included in diet formulation to meet
that farmers/producers can afford is ensured (Babatunde, the high energy requirements of broiler chickens, as the
2005). There are many factors that effects on feed con- energy value of fat is at least twice as high as those of car-
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bohydrates and protein. Furthermore, fats slows down the
rate of food passage through the digestive tract allowing
more time for better digestion and absorption of nutrients. Supply of energy represents the major cost in feed
formulations. Due to recent increases in the price of cereals
there are increasing interests in exploring ways to improve
the energy value of fats. Therefore there is need for greater understanding of the digestions and absorption of fats
in poultry. Some plant oils such as castor oil, soybean oil,
sunflower oil, canola oil, olive oil etc have been labelled
“functional oils” because they have biological activities beyond their energy value. Due to rich energy source and
high nutritive value many researchers (Bess et al., 2012;
Pesti et al., 2002; Salma et al., 2007) used functional oils
as an alternate energy source to carbohydrates in poultry
feed. These fats exert many beneficial effects on poultry
birds like increase in live body weight and improvement of
feed conversion ratio. Besides these effects, feed containing
vegetable oils reduces the dustiness of feed, make it more
palatable, lower heat production and increase digestibility
of broiler chickens (Firman et al., 2008).
Castor oil is unique among functional oils because it is
the only commercial source ricinoleic acid. Castor oil has
shown anti-microbial and anti-inflammatory activities. It
is laxative if used orally but when combined with soybean
oil at low dose and mixed in feed it become biologically active thus making it safe for use (Aliyu et al., 2012). Soybean
oil contains high percentage of poly unsaturated fatty acids
i.e. linolenic and linoleic acids which are well absorbed and
utilized as a source of energy. It is good source of omega
3 fatty acids. The high vitamin E present in soybean oil
acts as a powerful anti-oxidant which boost the immunity
and helps to eliminate the free radicals that cause certain
diseases.

Materials and Methods
Two hundred and forty (240) day old Cobb chicks were
purchased from local hatchery in Karachi and brought to
Poultry experimental station at Faculty of Animal Husbandry and Veterinary Sciences Sindh Agriculture University Tandojam. Before arrival of chicks poultry shed was
properly cleaned and fumigated by mixing 40 ml of formalin with 20 g of potassium permanganate for volume of
100 cubic feet. After sanitization whole shed was coated
with limestone and allowed to dry for 24 hours. Birds were
reared on deep litter housing system, and each bird was
provided 1 sq ft floor space. Litter material (rice husk) was
purchased from a local rice mill at Hyderabad and subjected to sunlight heating for 12 hours to completely dry
before placing in shed and then spread at floor area up to
2-4 inch depth. Care was taken to maintain optimum temperature and humidity throughout experimental period.
To avoid production of toxic gases in shed and wetting of
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litter material regular turning of litter i.e. 2-3 times was
practiced. Availability of required light during the day and
night as well as ventilation was ensured through regular
monitoring throughout study period. Brooding of chicks
was performed under artificial electric brooders with 100
watt electric bulbs.
One brooder and thermometer was provided to each replicate. During first week, brooding temperature was maintained at 90-950F in 1st week and 50F was reduced on each
subsequent week till it reached 700F, as house temperature.
Chicks were vaccinated against Newcastle and Infectious
Bronchitis disease on 3rd day via eye drop, Infectious Bursal
disease on 10th day in drinking water, Hydro pericardium
syndrome on 17th day in drinking water, Newcastle disease
on 22nd day and Infectious Bursal disease on 28th day in
drinking water respectively.
A mixture of two functional oils in a fixed ratio of 50 ml
castor oil and 450 ml soybean oil was prepared and mixed
in each of 100 kg experimental diet having different metabolizable energy levels by using spray pump to examine
the effect of functional oils on the overall performance of
broilers fed different energy level diets. The following experimental design was used:
Group A: Industry standard feed having 2850 kcal ME/kg
without functional oils
Group B: Feed having 2900 kcal ME/kg with the addition
of functional oils 5ml/kg.
Group C: Feed having 2750 kcal ME/kg with the addition
of functional oils 5ml/kg.
Group D: Feed having 2650 kcal ME/kg with the addition of functional oils 5ml/kg.

Parameters of Study
Feed intake: Fresh feed was provided twice daily and feed
refusal was recorded from feeders of each group. Following
formula was used for determination of feed intake per day
per chick.
Feed intake (g) = Total feed offered – Total feed refused
Total no of broiler
Water intake: Fresh and clean water was given adlibitum.
Water intake was calculated by following formula:
Water intake (ml) =
Total water offered – Total water refused
Total no of broiler
Live body weight: Eight birds from each group were
randomly selected and weighed weekly by using electric
weighing balance.
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Feed Conversion Ratio (FCR): FCR was calculated on
the basis of total feed consumed by a broiler bird for gaining one kg weight. Thus, following formula was used.
FCR =

Feed intake × 100
Live body weight

Dressing percentage: After the end of experimental period of 42 days, 05 birds from each group were weighted and
slaughtered. After dressing, the carcass weight was noted
and its dressing% was recorded by the following formula.
Dressing (%) =
		

Carcass weight (kg)× 100
Live body weight (kg)

Size of Intestine: At the end of experiment three birds
from each group were slaughtered. Their intestines were
removed and washed with cold distilled water. After cleaning the intestines, the length (cm) was measured by using
inch tape and compared to study the effect of functional
oils on the intestine.
Weight of edible and non-edible organs: Five birds were
slaughtered from each group, after slaughtering relative
weight of liver, heart; gizzard, spleen and proventriculus
were recorded.

Digestibility

Fecal Samples Collection: One bird per replicate was
shifted to a separate pen during the age of 36 d. After
the adaption period of three days; feces were collected at
morning and evening for three days (39 to 41 d for finisher period) and for further analysis stored at about −200C.
Consumption of feed was also noted during this phase.
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solution to an excess alkaline reaction and mixture was distilled with steam in micro-kjelldhal apparatus. The ammonia so liberated was collected in 10ml N/20HCL having
a few drops of methyl red as an indicator. The excess of
the acid was measured by titrating against standard N/20
NaOH solution. The amount of N/20 NH liberated was
determined by difference. Apparent nutrients retention
was calculated and expressed as a percentage (Rajput et
al., 2012).
Mortality Percentage: Mortality was recorded on daily basis birds were examined and finally, mortality % was
noted by the following formula:
Mortality (%) =

Total No. of birds died × 100
Total reared birds

Economics: Economics of broilers were calculated by using following formula:
Net returns = income - expenditure

Data Analysis

The data was collected from all the groups and analyzed
statistically by using JPM Software of SAS, USA.

Results
Figure 1 shows the feed and water consumption of broilers. Feed intake was significantly increased (P < 0.05) in
groups receiving functional oils even in low energy level
diets. Water intake was increased (P > 0.05) in all experimental treatments receiving functional oils.

Chemical Analysis of Samples: Fecal samples were dried
in hot air oven at 65 oC for 24 hrs. For proximate chemical
analysis the grinder was used in order to obtain reasonable and uniform particle size of feed and feces. For Dry
Matter determination, 0.9 to 1g sample was filled in a preweighed empty crucible, kept in oven at 1050C for 3h and
weighed afterwards. With methanol fat was extracted by
soxhlet method. Performance of the ether extract was calculated with the subsequent formula:
EE (%) =

Weight of ash
x 100
Sample of Weight

Bomb calorimeter was used to measure the gross energy
and Kjelldhal method was performed to determine the
crude protein contents. Sample was digested with concentrated H2S04 in the presence of catalyst mixture containing K2SO4 and HgSO4. The Digested feed sample was
diluted to definite volume with water. A known aliquot
of the diluted feed sample was mixed with 40% NaOH
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Figure 1: Effect of functional oils on feed and water intake
of broilers fed different energy level diets

Discussion
Functional Oils are commonly used as energy source in
poultry ration. Benefits of using functional oils are low
dustiness of feed, increased absorption and digestion of
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lipoproteins and have higher amount of necessary fatty
acids. Keeping in view, this experiment was performed to
sort out the effect of functional oils (castor oil + soybean
oil) on the overall performance of broiler fed different energy level diet. The results of all parameters are discussed
below.
Feed intake was higher in Group D as compared to control. The higher feed intake might be due to the addition
of functional oil mixture i.e. soybean oil and castor oil in
diet because soybean oil contain polyunsaturated fatty acid
“omega 3” which have a clean taste and pleasant flavour.
Soybean oil contains vitamin E which is a fat-soluble vitamin and essential for the proper nutrition of chickens.
Castor oil improves the digestion when mixed with feed in
minute quantity. Decreasing the energy value of feed and
supplementation with functional oil mixture increased feed
intake. Current study was supported by the observations
of (Bess et al., 2012) that feed consumed by the broilers
in functional oils group was significantly higher than control. Likewise (Scaife et al., 1994) fed broilers with rations
containing different sources of lipids (beef tallow, soybean
oil, canola oil, and marine fish oil) and observed that feed
intake was significantly higher when soybean oil was used.
Moreover the use of higher poly unsaturated fatty acids
levels which is found mostly in vegetable oils in broilers
diet causes higher feed intake and feed gain ratio as described by (Zollitsch et al., 1997) but the results were not
always same as cited by (Ajuyah et al., 1993). Controversial
findings were reported by (Firman et al., 2010) that use of
fat sources in broiler’s diet decrease feed consumption and
enhances feed efficiency.
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and Das, 2014).The reason for the increased live body
weight was high digestibility and metabolizable energy of
soybean oil (Anjum et al., 2004) Castor oil provides about
8 calories of energy per gram. Soybean oil provides about
9 calories of energy per gram. Per 100 g, soybean oil has
16 g of saturated fat, 23 g of monounsaturated fat, and 58
g of polyunsaturated fat. The live body weight in Group D
resulted in slightly lighter birds as compared to control but
the difference was non-significant (p < 0.05). Hence it was
proved that these functional oils i.e. soybean oil and castor oil in low dose not only increased live body weight of
broilers but also allowed to decrease the ME level of feed
up to 100k.cal and 200k.cal without negatively affecting
the live body weight of broilers. Current study is supported
by the findings of (Bess et al., 2012) who reported that metabolizable energy of feed could be decreased to hundred
kilo calories per kg of feed by mixing functional oils in
feed without negatively affecting the overall performance
of birds.

Incorporation of functional oils developed the broiler
thrust and consumed more water as compared to control
(Vieira et al., 2003). Highest water intake was observed
in Group D where metabolizable energy level of diet was
least i.e. 2650k.cal (Table 1). The reason for increased water intake in Group D was higher concentrations of wheat
bran (12.49%) used to decrease the energy density of diet
and as a result variation in water to feed ratio was noted.
Current study is supported by the observations of (Huang
et al., 2011) who reported that dietary fibre and form of
feed affects water to feed ratio. Variation in feed to water
ratio was observed in broilers of group B. The reason for
increased water intake in this group was high metabolizable energy diet which increases broilers thrust and hence
increased water intake was noted. Such observations agree
with (Serrano et al., 2013) who observed that increasing
dietary energy level of feed in broilers caused an increase in
water intake which is beneficial during hot season.

The best FCR of 1.71 was recorded in Group B as compared to the birds in control group where the FCR of 1.82
was observed. The reason for best FCR may be related to
the vitamin E present in soybean oil. Vitamin E had significant effect on feed intake and weight gain in chickens and improved feed conversion ratio (Rezaeipour and
Irani, 2011). Feed conversion ratio improved linearly with
increase of soybean oil in the broiler diets (Rezaeipour and
Irani, 2011). The FCR was further decreased to 1.87 in
Group C. Minimum FCR of 1.94 was recorded in Group
D (Figure 3). Therefore, decreasing the dietary M.E level by
100k.cal/kg did not negatively affect the FCR of the birds
when their diets were supplemented with the functional
oils mixture. These results agree with the findings of (Bess
et al., 2012) that the M.E level of feed could be decreased
without negatively affecting the FCR of broilers by using
functional oils in diet. The improvement in FCR might
be due to the anti-microbial activity of castor oil and high
digestibility and palatability of soybean oil which resulted
in improved digestion, absorption and better utilization of
nutrients. Current study is supported by the observations
of (Bess et al., 2012) where the M.E level of feed was reduced to 100k.cal and 200k.cal with the addition of functional oils without adversely affecting the FCR of broilers. Comparatively better feed conversion ratio was found
in birds fed diet containing refined soybean oil (Hossain
and Das, 2014). Supplementing soybean oil and canola oil
mixture in broiler feed improved FCR of birds (Nobakht
et al., 2011). The resulted better performance of birds could
also be attributed to the anti-inflammatory properties of
castor oil as cited by (Vieira et al., 2003).

Maximum live body weights were noted in Group B as
compared to control (Figure 2). Average live weight increased in birds fed diet containing soybean oil (Hossain

Statistical analysis indicated non-significant difference in
relative weight of liver, heart, gizzard, spleen and proventriculus in broilers within the control and treatment group.
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There was significant variation in fat pad weight between
the control and treatment group. These results are in agreement with the finding of (Anjum et al., 2004) who reported that vegetable oils showed non-significant differences
among relative weight of internal organs (heart, bursa and
gizzard).
The data indicates that maximum intestinal length was
noted in control Group without functional oils (Figure 4).
Decrease in intestinal length in this study agree with the
observations of (Ahmad et al., 2006) who reported that
the length of intestinal tract was decreased in birds fed fat
supplemented ration. They also stated that this result may
be an adjustment of body as a result of the addition of fat
in ration, which may have decreased the rate of food passage. Digestible part of foods or nutrients is the proportion
which is absorbed by the animal, which is not excreted in
the feces. It determines the proportion of nutrients in the
food that is available for the absorption into the body. Digestibility of nutrient is important as it gives the information about the amount of nutrient in the diet and digested by the animals (Case et al., 2010). Soyabean contains
maximum level of linolenic acid which displays antibacterial properties, prevents gut misbalances, stabilizes the
gut microflora and increases nutrient digestibility (Untea
et al., 2011). In addition, dietary fat reduced passage rate of
the digesta through the gastrointestinal tract, allowing for
better nutrient absorption and utilization (Baião and Lara,
2005; Peebles et al., 2000). Moreover addition of castor
oil in feed at low dose increases the digestibility of nutrients (Bess et al., 2012). The increase in ether extract of
experimental diets may be attributed to high lipid content
of castor oil (Agbabiaka et al., 2011). The crude protein
concentration on the diets is inversely proportional to the
dietary levels of castor oil. In the present study digestibility
was improved by addition of functional oils in the broiler
diet as compared to control group (Table 2). Ultimately the
addition of Functional oils (Soybean oil and Castor oil) in
the broiler diet significantly improves the digestibility of
broiler ration.
On the basis of calculations, it was observed that group
B, C and D produced maximum net profit as compared
to control group A. The feed cost was marginally lower in
group C and D as compared to group A and B. This indicates that group C and D were economical as compared
to group A and B. Due to the high cost of feed ingredient for poultry especially dietary energy, it is important to
evaluate the cheap and nutritive natural sources in poultry
diets (Pesti et al., 2002). Hence it was concluded that the
addition of functional oils 5ml/kg in feed with 2900 k.cal
increased live body weight dressing percentage, enhanced
feed digestibility, improved FCR and produced highest net
profit.
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Figure 2: Effect of functional oils on live body and carcass
weight of broiler fed different energy level diets
The effect of functional oils on live body weight and carcass weight of broilers fed different energy levels diet. Both
were significantly increased (p <0.05) among the groups by
using functional oils (Figure 2).

Figure 3: Effect of functional oils on the FCR of broilers
fed different energy level diets

Figure 4: Effect of functional oils on the length of intestine
of broilers fed different energy level diets
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Table 1: Contains chemical composition of different energy level diets
S#

Material

Group A

Group B

Group C

Group D

2

Maize (corn)

25

25

15

15

1
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Rice

25

Rice polish

24.45

3.5

Fish meal

3.5

8

Soyabean meal
Canola meal

Sunflower meal
Wheat bran
C.G 30

L-lysine
DLM

Lime stone
DCP

Premix
Total

Crude Protein

Metabolizable energy

Table 2: Digestibility of broilers

Groups

Crude Protein

74.1 ±2.213

79.35 ±2.654

85.1a±2.82

83.1ab±2.65

A

ab

77.2a±2.41

Ether Extracts

Metabolizable Energy

B

Liver

Heart

Gizzard

Proventriculus
Spleen

Fat pad

Groups

C

70.25 ±2.28

a

80.2b±2.58

b

86.3ab±2.85

77.3b±2.21

0.0925

0.6507

1.08±0.012

0.0136

0.0334

0.2871

2.5140

0.1139

0.59±0.23

0.56±0.19

0.58±0.21

1.57±0.015
2.0±0.072

1.09±0.013

0.59±0.023

1.59±0.018

2.80±0.094

Table 4: Economics of broilers
Particulars

Day-old chicks (Rs/chick)

Feed consumed (kg/chick)

Rate of feed(Rs/kg)

Feed cost (Rs/bird)

Treatment cost (Rs/bird)
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1.07±0.011

0.59±0.024

1.57±0.014
1.90±0.65

73.1ab±2.13

0.0378

0.58±0.21

0.59±0.027

81.22b±2.61

2.21±0.016

D

1.07±0.011

68.94b±2.12

P-value

C

2.21±0.016

D

LSD
0.05

B

2.25±0.019

2650

SE±

A

2.23±0.017

20.02

2750

Table 3: Relative weight of internal organs
Parameter

100

20.01

2900

Parameter

0.5

100

21.81

2850

0.43

0.5

100

21.80

0.5

0.43

0.5

100

1

0.5

0.4

0

0.2

1

0.2

0.35

Oil(s)

0.33

0.2

1

0.2

1

0.33

0.14

1

3

1

0.25

0.14

12.49

2

2

0.25

5

8

3

2

14

4

0

3

C.G 60

2.5

15

4

0

7

2.5

15

4

6.5

8

3

15

3

6.5

9.56

3

27.55

3

8

9.56

Guar meal

32.04

0.60±0.029

1.55±0.012
1.70±0.63
Group A

26.50

3.97

43.00

170.71

0

0.0101

0.0170

1.0270

1.0658

Group B

26.50

4.0

43.00

172

7.22

0.0246

0.0415

2.8910

Group C

26.50

4.13

39.00

161.07

7.22

0.2134

0.8056

0.0397
Group D

26.50

4.11

38.00

156.18

7.22
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Medication(Rs/bird)

Brooding cost (Rs/bird)

Miscellaneous (Rs/bird)

Total cost(Rs/bird)

Marketing price (Rs/kg live weight)

Live body weight

Total Income (Rs/bird)

Net profit (Rs/bird)

Results of relative weight of edible and non-edible organs
are shown in Table 3.
Statistical analysis showed non-significant difference (p >
0.05) except for the relative weight of fat pad where significant difference (p < 0.05) was observed among the groups.
Table 4 shows the effects of functional oils on the economics of broilers. This reveals that functional oils are more
economical when used in weak and cheap diets.
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