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Abstract | This research was conducted for evaluation of various levels of orange and banana peels on growth performance of broilers and also predicted cost effective feed. A total of 250 day-old healthy Hubbard broiler chicks were randomly selected and divided into five groups (50 chicks / group). The group A served as control on basal diet. The groups
B1 and B2 treated with orange peel (1.5 and 3.0 %), and C1/C2 treated with banana peel (1.5 and 3.0 %) in mutually
starter and grower ration throughout whole feeding trial for five weeks (35 days). Results showed that the lowest feed
(3509.26) was consumed by group A and highest (3687.82 g) by group B1. Better Growth (2117.7 g), live body weight
( 2161.1 g), FCR ( 1.66), Dressing % (63.50) and also lowest mortality (6%) was recorded in Group C2 (3% banana
peel). The significant difference (P<0.001) was recorded in all growth parameters. Non-significant difference was recorded in internal body parts of broiler. The highest Rs. 41. 84 per bird net profit was calculated from group C2 followed
by C1, B2, B1 and A groups. It was concluded that addition of banana peel into the broiler ration as a feed additive up
to level of 3.0 % is economical and has positive effects on growth performance. However further research are required
with incremental dose response to explore its effects on growth and blood biochemistry in different animal models.
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INTRODUCTION

price rations via including vegetable and fruit wastes, depending upon their rate, accessibility and nutritive worth
or better employment of crop residues and by-products (FAO, 2001). The agricultural wastes can be incorporated
to be applied in livestock feeding needs more attention. as a resource for animal feed following suitable manageThe central crop residues and agriculture by-products of ment. However, the nutritional value of these fruit wastes
Pakistan are wheat and rice straw, citrus, tomato, mango is of principally important so that low cost balanced diets
and banana pulps and poultry litter. Poultry sector contrib- can be formulated for poultry especially for chicken. The
utes significant role in the economy of Pakistan. Though, previous reports indicated that fruit by-products increased
the sector of poultry sometimes is facing problems, such the live body weight of broilers (Moghazy and Boushy,
as shortage forages and concentrates. Meanwhile, during 1982; Rabayaa et al., 2001; Zafar et al., 2005; Keithly and
disposal process of agricultural wastes environment can be Taggart, 2006; Oluremi et al., 2006; Oluremi et al., 2007;
polluted and public health problems can be evoked. Food Soomro et al., 2013) devoid of any side effect on health
Agriculture Organization reported that feed price is the status. In addition of fruit pulps, currently, peels of various
vital factor influencing the productivity of poultry farming, fruits were sun dried and milled finally added into livestock
feed formulators and farmers effort to manufacture least feeding due to their nutritional values and low cost (Osei
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and Duodu, 1988; Ofuya and Obilor, 1993; Fidelibus et
al., 2002; Litz, 2009). If the fruit peels are appropriately
processed they could beresource of carbohydrates and minerals for livestock (Anhwange, 2008). In our environment
high yield production of orange and banana fruits, but their
peels were wasted. This prompted us to formulate orange
and banana dried peels supplemented into diet finally fed
to broilers. There were few documented reports regarding
orange and banana peels (Hernan et al., 2000; Oluremi et
al., 2007; Oluremi et al., 2010) in broilers and cattle. The
employment of fruit peels as animal feed is indisputably a
good approach of recycling this waste foodstuff. Although
there is a necessity to design optimized rations for various
animal uses to circumvent metabolic disorders caused by
the unbalanced rations of energy and protein and to decrease the flavoursome factors which probably limit feed
ingestion and then the animal performance that leads to
low productivity. In our conditions, before orange and banana peels never been supplemented in the diet of broiler for growth performance. The aims of the current study
were examine the growth performance of broiler chicks fed
various levels of orange and banana peels and concurrently
their economically analysis either profitable or not.

MATERIALS AND METHODS
Experimental Design

The 250 day-old healthy Hubbard broiler chicks (body
weight=45.97±3 g) were used in a five weeks (35 days)
experiment. The broilers were randomly allotted into five
groups (50 chicks/group) A, B1, B2, C1 and C2. The group
A served as control on basal diet. The chicks in B1 and B2
groups fed ration with 1.5 and 3.0 % levels of orange peel,
and similarly same levels of banana peel supplemented in
the ration of C1 and C2 groups. Then on the basis of nutritional chemical composition, the ration was formulated
as depicted in Table 1. The birds were housed in semi intensive system at Sindh Agriculture University experimental farm, Pakistan. In beginning, house was sanitized and
fumigated then wooden dust spread on the floor as a litter.
On day first chicks were flushed with sugar water. Both
feed and water were offered ad libitum. The experimental
chicks were vaccinated for major infectious diseases.

Growth Performance

The initial live body weight of chicks was measured via
digital electronic balance on first day. At 35 day of age;
all birds in each group were weighed using electronic top
loading balance. FCR was calculated on the basis of final
body and total feed intake.

Water and Feed Intake

The water and feed was provided two times daily (morning
and evening). The water and feed refusal was collected and
weighed on daily basis for calculation of final water and
feed intake.
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Table 1: Experimental ration (%) included various levels of
orange and banana peels
Ingredients

Treatments

Rice

25

Maize

Rice polish

Fish meal

Soya bean meal

Guar meal

Canola meal

Sun flower meal

Rape seed meal

Lime stone

Orange Peel

Banana Peel

A (control)

24.5

5

9

7

5

13.5

6.5

3.5

1

__

__

Metabolizable
energy

Lysine

Methionine

Cystine +
Methionine

Calcium

Phosphorus

25

23

5

9

7

5

14.5

5.5

3.5

1

1.5

__

B2

20

29

4

10

8.5

5

11.5

5

3.2

0.8

3

__

100

C1

25

23

5

9

7

5

14.5

5.5

3.5

1

__

1.5

20

29

4

10

8.5

5

11.5

5

3.2

0.8

__

3

100

21.257

21.23 21.28 21.35 21.4

2851.5

2802

1.095

1.099 1.1

2801

100

C2

100

Chemical composition of ration
Crude protein

B1

2802

100

2801

1.099 1.1

0.442

0.44

0.44

0.44

0.44

0.72

0.71

0.7

0.71

0.71

1.06

1.06

1.03

1.06

1.03

0.51

0.51

0.54

0.51

0.54

Carcass Traits

The carcass weight was recorded on the basis of five slaughtered birds from each group at the marketing age of 35
days and dressing percentage was also calculated on the
basis of dressed weight from the total live body weight of
the broilers.

Weight of Edible Parts

After slaughtering birds were de-feathered and liver, heart,
gizzard and intestine were removed by the help of scalpel
and scissor from the birds and weighed by using electronic
top loading balance.

Economics

On the basis of production of broiler after reaching the
marketing age of 35 days, the per bird cost of production
of each group and net returns were calculated to know the
profit/loss by inclusion of orange and banana peel in the
broiler feeding program.

Chemical Analysis of Fruit Peels / Feed

Before starting the actual experiment, the dried orange
and banana peels were purchased from local market and
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brought to the Animal Nutrition Laboratory, Sindh Agriculture University, Pakistan for determination of Crude
protein(CP), Crude fiber (CF) and Nitrogen free extract
(NFE) by previously described method (AOAC, 2000) as
mentioned in Table 2. Similarly chemical analysis of feed
for Dry matter (DM), crude protein (CP), ether extracts
(EE) and metabolizable energy (ME) was performed by
above described method.
Table 2: Chemical Composition of dried fruit peels (%)
Nutrients

Fruit peels

Orange peel

Banana peel

Crude protein (CP)

7.28

10.84

Crude fiber (CF)

10.70

12.94

Nitrogen free extract (NFE)

61.55

44.85

Statistical Analysis

The data was presented as mean of five birds from each
groups and analyzed by one-way ANOVA with SPSS
(version 16.0) software. LSD test was used to determine
whether means were significantly different (P<0.05).

RESULTS
Feed Intake

The feed consumption of A, B1, B2, C1 and C2 groups
was recorded as 3509.26, 3687.82, 3660.61 3571.22 and
3585.58 g/bird respectively (Table 3). The lowest feed was
consumed by the broilers of group A (control) and highest
was consumed by group B1. Statistically, the differences in
feed consumption of broiler in different groups was significant (P=0.0001).

Water Intake

Water intake was remarkably higher 9980.29 in broilers of
group C2 and lowest 9632.57 in Group A (control) whereas 9646.27, 9798.22 and 9668.38 ml/bird was recorded in
B1, B2 and C1, respectively (Table 3). The significant difference (P=0.0001) was observed between the groups.
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Live Body Weight

The significantly higher live body weight (2161.10 g/bird)
was observed in group C2 followed by broilers in groups
C1 (2106.80 g/bird). The broilers in groups B2 and B1
ranked third and fourth with average weight of 2048.4 and
2021.3 g/bird, respectively, (Table 3). The significant difference (P=0.0000) was seen amongst all the groups.

Feed Conversion Ratio (FCR)

Feed conversion ratio indicates the efficiency of feed to
convert into weight of broiler and the results for this trait
as influenced by different fruit peel levels are mention in
Table 3. The broilers in group C2 resulted remarkably
better FCR of 1.65 than C1 group (1.69). The broilers in
group B2, B1 and A resulted average FCR of 1.78, 1.82
and 1.77, respectively. The FCR values in different groups
was significant (P=0.0003).

Carcass Weight

The mean values of carcass weight of broilers shown in Table 3. The carcass weight was maximum (1275 g/bird) in
group C2, followed by other groups C1 (1232 g/bird), B2
(1185 g/bird), B1 (1174 g/bird) and A (1089 g/bird). Statistically, the differences in carcass weight of broiler in different groups was significant (P=0.0003). The differences in
carcass weight of broilers were highly significant (P<0.01)
either between treatment groups or compared with control.

Dressing Percentage (%)

Dressing percentage is directly proportional to ratio of carcass weight and the live body weight. The dressing % was
highest in group C2 (63.50 %) followed by other groups
C1, B2, B1 and A, with average dressing percentage of
58.48, 57.86, 57.97 and 55.03, respectively (Table 3). Statistically, significance difference in dressing percentage of
broiler in groups was significant (P=0.0012).

Weight of Internal Organs

The mean values of important internal organs mentioned
in Table 4. The liver and heart weight of broilers was affected significantly (P<0.0076, <0.0009) by supplementation

Table 3: Growth performance of broilers supplemented with various fruit peels at 35d
Parameters

Groups

Initial body weight (g)

45.97±3

Feed intake (g/b/week)

A (control)

B1

3509.26

3687.82

3660.61

3571.22

2021.3c

2048.4c

2106.8b

c

Water intake (ml/b/week)

9632.57b

Feed conversion ratio (FCR)

1.77

Live body weight (g/b/week)
Carcass weight (g/b)

1978.0d
1089c

Dressing %
58.67
a, b, c and d: Significant difference level (P<0.05)
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c

45.97±3

a

9646.27b
1.82

1174b
60.35

b

B2

45.97±3

a

9798.22b
1.79

1185b
61.43

b

C1

45.97±3

b

9668.38b
1.70

1232a

62.70

a

C2

45.97±3

3585.58b
9980.29a
2161.1a

1.66

1275a

63.50a
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of fruit peels in ration. The liver and heart weight was
higher in banana peel treated groups vs orange peel treated
groups. The fruits peels highly significantly increased the
weight of spleen in experimental groups. The weight was
noticed to be higher (2.516 and 2.438 g/bird) in banana
peel fed groups than orange peel fed groups (2.34 and 1.86
g/bird). The gizzard weight of broilers was affected significantly (P=0.0083) in experimental groups. The weight of
gizzard was higher in those groups fed 3.0 % level of peels
than groups fed 1.5 % level of peels. The intestine weight
was also increased significantly (P=0.0443) in experimental
groups. The weight of organ was higher (134.8 and 132.8
g/bird) when broiler fed ration with 3.0 and 1.5% banana
peel, and the weight was observed to be lower (131.0 and
125.0 g/bird) while fed 3.0 and 1.5% orange peel supplemented diet.
Table 4: Effect of various fruit peels on different organ
weights of the broilers at 35 d
Group

Liver

Heart

Spleen Gizzard

Intestine

B1

47.724

9.904

1.86

125

C1

52.09

A (control) 44.422
B2

C2

P-value

48.1

53.05

0.0076

8.834

10.48
10.4

11.5

0.0109

2.068

32.26

2.34

33.98

2.438

2.518

32.14

123.2
131

32.2

132.8

34.8

0.0015 0.0083

134.2

0.0443

Economics

The economic analysis of current trial publicized in Table
5. It clearly indicates noteworthy impact of fruit peel inclusion in the broiler ration. The total cost of each broiler production for 35 days experimental period was Rs. 211.23,
221.78, 221.78 216.74 and 217.49 in group A, B1, B2,
C1 and C2, respectively. The sale price of broiler was Rs.
120/kg live weight, which generated a total income of Rs.
237.36, 242.55, 245.80, 252.81 and 259.33 in group A, B1,
B2, C1 and C2, respectively. So the finalized net profit of
Rs. 26.126, 20.773, 24.024, 36.073 and 41.84, respectively.
It was observed that addition of 3.0% banana peel in broil-
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er ration resulted highest net profit.

DISCUSSION
The mango, apple, pine apple, citrus, banana and tomato are the major fruits used for processing in most of the
Asian countries including Pakistan, and their waste can
be included in livestock diets either as dry product or as
silage (El Boushy and van der Poel, 2013). However, the
nutritional value of these fruit wastes is of principally important so that balanced diets can be formulated for poultry especially for chicken. The present studies were carried
out to determine the effect of different levels of banana
and orange peels on the growth of broiler. The broiler fed
ration with banana peel resulted higher live body weight
and FCR as compared to broiler fed ration with orange
peel. The increase in live weight of broilers fed ration with
banana peel possibly due to higher protein content in contrast with broilers fed ration with orange peel. By feeding
banana and orange peels from 1.5-3 % will be useful and
without any adverse effects on chicken body weight. But,
it probably more advantageous, fed the high rates of both
peels in experimental diets in broilers growing ration rather than in starter ration. Because when broilers become
mature their gastrointestinal tract fully developed and
works more efficiently. Hernan et al. (2000) confirmed that
banana peel added into diet resulted increase in live body
weight and FCR cattle. Furthermore, El Boushy and van
der Poel (2013) reported that citrus fruits waste enhanced
the FCR when compared with traditional poultry feed.
Chicks receiving orange peel ration consumed less feed
compared to broilers taking banana peel ration. It might
be more fibre content in orange peel and may be chicks
do not like the smell of feed supplemented. Moghazy and
Boushay (1982) also reported that chicks growth was less
who taken high fiber. The less carcass weight was noticed
in boilers fed orange peel might be due to reduced feed
intake, and effect of peel on abdominal fat (Oluremi et al.,
2007). The more fiber intake through chick probably stimulates the bowl moments result in depression in the weight

Table 5: Economics of broilers supplemented with various fruit peels at 35 d
Particulars

GROUPS

Cost of day old chick (Rs/broiler)

69.00

Total cost of feed (Rs/broiler)

Cost of orange and banana peel
Misc. Expenditure (Rs/broiler)

Total production cost (Rs/broiler)

Final live body weight (Rs/broiler)
Broiler sale rate (Rs/kg)

Total income (Rs/broiler)
Net profit (Rs/broiler)

A (control)

B1

B2

C1

C2

91.23

95.88

95.18

92.84

93.23

0

51.00

211.23
1.978

120.00

237.36

26.126
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69.00

5.895

51.00

221.78
2.021

120.00

242.55

20.773

69.00

6.598

51.00

221.78
2.048

120.00

245.80
24.024

69.00

3.897

51.00

216.74
2.11

120.0

252.81
36.07

69.09

4.256

51.00

217.5

2.161
120.0

259.3

41.84
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gain. By supplementing orange peel in the ration although
less effect on growth performance but possibly improve
nutritive value and flavour of the meat. The indices of feed
conversion publicized that both peels can be supplemented
to broilers diets up to 1.5-3 % safely devoid of side effect on feed conversion rates. Both peels increased the live
body weight and growth performance of broilers, which
coincide with previously reports on fruit by-products (Rabayaa et al., 2001; Zafar et al., 2005; Keithly and Taggart,
2006; Oluremi et al., 2006; Oluremi et al., 2007; Soomro
et al., 2013). The increased in important organs weight was
noticed possibly correlated with increased live weight and
mass of the body. The highest Rs. 41. 84 per bird net profit
were calculated from the broilers fed 3.0 % banana peel.

CONCLUSION & RECOMMENDATION
The poultry sector in Pakistan faces obstacles of feed deficiency. It was concluded that addition of banana peel into
the broiler ration as a feed additive up to level of 3.0% is
the most economical and has positive effects on growth
performance. However, further research are required with
incremental dose response to explore its effects on growth
and blood biochemistry in different animal models.
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