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 This study was conducted at the poultry farm of Faculty of Agricultural Sciences, 
University of Sulaimani, in Bakrajo from 8/8/2014 to 1/1/2015. The experiment 
included managing and treating the birds at the farm to obtain the effect of Dried 
Orange Peels (DOP) levels on production performance of Ross-308 broilers at the 15- 
42 days of age. The experiment was divided into five periods; each period lasted 7 days 
except fifth period lasted 15- 42 days. The birds were treated with different levels of 
DOP and different stocking density. The experimental treatments  included eight 
treatments as following: T1: Control Diet + 0% dried orange peel+ normal stocking 
density (8 birds/m2). T2: CD + 0% dried orange peel+ high stocking density (12 
birds/m2). T3: CD + 3% dried orange peel+ normal stocking density. T4: CD + 3% 
dried orange  peel+ high stocking density. T5: CD + 6% dried orange peel+ normal 
stocking density. T6: CD + 6% dried orange peel+ high stocking density. T7: CD+ 9% 
dried orange peel+ normal stocking density. T8: CD + 9% dried orange peel+ high 
stocking density. The results obtained from this study showed that the effect of Dried 
Orange Peels (DOP) levels and stocking density significantly (P≤0.05) affected feed 
intake, body weight, body weight gain and feed conversion ratio. 
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Introduction 
     The success of poultry production is based on feeding, breeding, marketing, good management and health 
status. Nutrition plays an important role in intensive chicken production [1].  
     Cereal grains especially maize which forms the bulk of energy in poultry feeds are in short supply as a 
result of industrial and human needs. This has resulted in competition between human and animal for 
available feed resources, and hence high cost of animal production [2]. Therefore, current research efforts are 
targeted towards the use of cheaper and readily available feed sources which are mostly agro-industrial by-
products such as sweet orange (Citrus sinensis) fruit peels that can possibly replace or substitute 
conventional feed resources such as maize [3]. It is comparable in energy and protein to maize and not prone 
to pest attack like maize when dry [4].  
     Benefit effect is reducing the cost of feeds and thus makes poultry production profitable. Therefore, there 
is necessity to search for cheaper, non-competitive and readily available feed ingredients to replace the costly 
ones [4]. Peels represent between 50 to 65% of total weight of the fruits and remain as the primary 
byproduct, if not processed further, it becomes wet, produce odor, soil pollution and harborage for insects 
and can give rise to serious environmental pollution [5,6,7,8]. 
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     Stocking density has been a subject of serious concern in the feed and poultry industry [9]  . One of the 
major welfare concerns in broiler production is detrimental effects of high stocking density, especially in the 
final weeks of growing period [10,11]. [12] showed that a stocking density in large flocks exceeding 16 birds 
/m2 leads to compression of birds. There were studies on stocking density impact on unfavorable changes in 
health of broiler chickens, their production results, feed and water consumption, and carcass quality [13], 
even the researchers still look for answers regarding best housing system for rearing of slaughter and laying 
poultry [14,15]. Good production practice is the essential component of best available technique in intensive 
poultry production [16]. The main objectives of present study were to study the role of dried orange peel 
with stocking density on broiler performance traits. 
 

Materials and Methods 
     The present study was conducted at the poultry farm of Faculty of Agricultural Sciences, University of 
Sulaimani in Bakrajo from 8/8/2014 to 1/1/2015. The experiment included management and treating birds in 
the farm after examining different levels of dried peel of orange at different densities spaces and its effect on 
broiler performance. 
 

Experimental layout 
     The experiment was organized on broiler day old chicks belonging to the Ross-308, which were 
sacrificed at 42 days old with a density of normal (8 chicks/m2) and high (12 chicks/m2). The total birds of 
the experiment population were 448 broilers of hatched chicks (8 treatment’s × 4 replications × 12 or 16 
broilers). Broilers were randomly assigned into eight equal treatments (a control treatment and seven 
experimental treatments) which were reared in the same environmental conditions, two different densities 
(normal 12 birds/pen and high density 16 birds/pen) and four different composition diets (Control, %3, %6, 
%9 dried orange peels). 

Table (1). The experimental treatments: 

Density 
T1 Control 
0% Orange peel 

T2 
3% Orange peel 

T3 
6% Orange peel 

T4 
9% Orange peel, 

Normal 
Density, D1 

4 Replicates 
(Each with 12 
birds/pen) * 

4 Replicates 
(Each with 12 
birds/pen) * 

4 Replicates 
(Each with 12 
birds/pen) * 

4 Replicates 
(Each with 12 
birds/pen) * 

High 
Density, D2 

4 Replicates 
(Each with 16 
birds/pen) ** 

4 Replicates 
(Each with 16 
birds/pen) ** 

4 Replicates 
(Each with 16 
birds/pen) ** 

4 Replicates 
(Each with 16 
birds/pen) ** 

*Each group combination replicated 4 times with 8 birds/m2 and total of 48 birds. 
** Each group combination replicated 4 times with 12 birds/ m2 and total of 64 birds. 

Feeding 
     Chickens were fed with two recipes of compound mixtures, as follows: the starter up to 21 d and the 
finisher from 22 d to 42 d of age. The recipes of compound feed used had different levels of nutrition 
substances as following ratio and its chemical calculated component is shown in tables (2) and (3). Fresh 
orange (Citrus sinensis) fruit peel were collected daily from orange retail sellers in Sulaimani market, to 
prevent fermentation and other forms of deterioration, the peels were immediately sun-dried on concrete 
platforms, until crisp in January 2014. It was then milled to obtain the orange peel meal by (Hammer 
Milling) machine having a screening sieve of 1mm pores to obtain the citrus fruit peel meal, which was 
mixed with other feed ingredients to produce the experimental diets. Four experimental diets, designated as 
Control 0%, 3%, 6%, and 9% were compounded containing similar crude protein, energy and other nutrients, 
0, 3, 6 and % 9 sweet orange peels (SOP) respectively. The nutritional requirement determined according to 
[17]. 
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Table (2). Ingredient composition of the starter diet provided to the broiler from 15 d to 21 d of age 

Ingredient, % as feed-basis 

Starter diet (1-21 days) 

Control 
Dried orange peel 
%3 %6 %9 

Protein concentrate* 8 8.5 8.5 8.5 
Dried Orange Peel 0 3 6 9 
Soybean meal (%44) 30.5 29.5 30 30.5 
Wheat 10 18 14 8 
Wheat bran 2 2 1 2 
Yellow Corn 45.4 35.1 36.4 37.6 
Sunflower seed Oil** 3.2 3 3.2 3.5 
Limestone 0.5 0.5 0.5 0.5 
Salt (NaCl) 0.3 0.3 0.3 0.3 
Mixture of Vitamin and minerals*** 0.1 0.1 0.1 0.1 
Total 100 100 100 100 
Calculated chemical analysis of the starter diet 
Crude Protein% 22.4 22.4 22.4 22.4 
ME (kcal/kg) 3030 3043 3043 3043 
Calcium% 0.8 0.8 0.8 0.8 
Phosphor% 0.4 0.4 0.4 0.4 
Methionine% 0.7 0.7 0.7 0.7 
Lysine% 1.3 1.3 1.3 1.3 

Chemical composition of dried orange peel 
     A sample of the peels was analyzed for its proximate constituents (Table 4) using standard method 
recommended by [18]. 
                              Table (4). Proximate chemical composition of dried orange peel (DOP) 

Chemical composition (Percent) Item of dried orange peel 

14% Moisture 
6.5% Crude protein 

 
Table (3). Ingredient composition of the finisher diet provided to the broiler from 22 - 42 d of age 

Ingredient, % as feed-basis 
Finisher diet (22-42 days) 

Control 
Dried orange peel 
%3 %6 %9 

Protein concentrate* 5 5.5 5.5 6 
Dried Orange Peel 0 3 6 9 
Soybean meal (%44) 27.5 30.2 30.2 30.2 
Wheat 10 6 6 6 
Wheat bran 0 2 2 2 
Yellow Corn 53.5 47.3 44.3 40.8 
Sunflower seed Oil** 3 5 5 5 
Limestone 0.5 0.5 0.5 0.5 
Salt (NaCl) 0.3 0.3 0.3 0.3 
Mixture of Vitamin and minerals*** 0.2 0.2 0.2 0.2 
Total 100 100 100 100 
Calculated chemical analysis of the finisher diet 
Crude Protein% 20.5 20.5 20.5 20.5 
ME (kcal/kg) 3160 3100 3100 3100 
Calcium% 0.8 0.8 0.8 0.8 
Phosphor% 0.4 0.4 0.4 0.4 
Methionine% 0.7 0.7 0.7 0.7 
Lysine% 1.15 1.15 1.15 1.15 
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74% Total carbohydrates 
2.1% Ether extract 
3.4% Ash 

Studied traits: 
Body weight 
     Birds were weighed as replicates every week in each experimental unit throughout the experimental 
period by using (Rowenta) balance with the accuracy of (Max. 5kg, Min. 1g). Body weight gains were 
calculated as the difference between the initial and final BW of the week. During rearing period, BW was 
recorded at day 15, 22, 29, 36, 42 of broilers age  
The gain of BW was calculated by the following formula:- 
Body weight gain = weight at the end of the period - Weight at the beginning of the period 
Feed intake 
     Feed intake in each replicate was recorded and measured at the end of each week by subtracting non-
eaten feed from total amount of feed supplied and daily feed intake was found by dividing weekly feed 
intake on 7 days. 
Feed conversion ratio 
     Feed conversion ratio is the amount of feed intake estimated to unit weight for each weight gain estimated 
in the same unit and. 
Statistical analysis 
     General Linear Model (GLM) within the statistical program XLSTAT (2004, version-7.5) was used to 
analyze the two factors namely the treatment and density affecting productive traits within the factorial 
Complete Randomized Design (CRD) (diets and density). Least significant difference test (L.S.D.) was used 
to determine the significance difference among the treatments means [19]. Level of significance used in all 
results was (0.05). 
Results and Discussion  
Effects of dried orange peel and stocking density on body weight: 
     Table (5) showed that there were significant differences (P≤0.05) between levels of DOP and densities 
during periods. P1, the highest mean was 0% of DOP/12 birds (822.750g), the lowest mean was 9% of 
DOP/12 birds (687.250g). For P2 the best mean was 0% of DOP/12 birds (1396.00g) differed from others 
except 0% of DOP/16 birds, whereas the lowest mean was 9% of DOP/16 birds (1161.250g). For P3 the best 
mean also was 0% of DOP/12 birds (2200.00g) differed from others except 0% of DOP/16 birds, whereas 
the lowest mean was 9% OF DOP/12 birds (1760.250g). For P4 the best mean was 0% OF DOP/12 birds 
(2912.750g), whereas the lowest mean was 9% of DOP/12 birds (2302.750g). Reducing the feed intake of 
birds of these diets may likely affect body weight which also rendered the chicks to obtain adequate nutrients 
needed from feed consumed to make their growth rate comparable with the control [20]. 

Table (5). Mean ± SEM of body weight (g) for different treatment combinations during the experiment. 
Interaction Periods (days) 

Dried orange 
peel’s levels 

Stocking 
density’s 
levels 

Initial weight 
(P0) 

15 - 21 
(P1) 

22 - 28 
(P2) 

29 - 35 
(P3) 

36 - 42 
(P4) 

0% 
12 birds 425.50± 3.40 822.75± 19.85 1396.00± 21.90 2200.00± 46.56 2912.75± 61.94 
16 birds 396.75± 6.08 797.25± 20.45 1304.75± 1.92 2176.50± 41.45 2771.75± 90.90 

3% 
12 birds 384.50± 16.11 733.75± 12.65 1235.75± 23.70 1966.50± 48.43 2748.75± 153.63 
16 birds 403.25± 14.34 757.25± 3.90 1236.00± 29.94 2046.00± 49.95 2596.75± 43.18 

6% 
12 birds 378.75± 7.59 717.25± 24.57 1182.00± 24.46 1953.75± 99.44 2511.75± 43.18 
16 birds 378.75± 8017 719.25± 19.76 1184.25± 28.33 1883.25± 48.41 2452.75± 69.10 

9% 
12 birds 375.50± 10.14 687.25± 33.57 1164.75± 70.43 1760.25± 123.4 2302.75± 168.91 
16 birds 405.25± 16.77 718.25± 15.39 1161.25± 32.65 1884.75± 53.84 2434.75± 81.50 

L.S.D. 32.98 59.701 108.847 213.790 290.764 
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Effects of dried orange peel and stocking density on body weight gain: 
     There were significant (P≤0.05) differences in body weights gain in P1 (Table 6). The highest body 
weight gain mean was 0% of DOP/16 birds (400.500g) and the lowest mean was in 9% of DOP/12 birds 
(311.750g). For P2 body weights gain means were significantly (P≤0.05) different. The highest mean was in 
0% of DOP/12 birds (573.250g) and the lowest mean was in 9% of DOP/16 birds (443.00g). BWG means 
were significantly (P≤0.05) different in P3, higher mean 0% of DOP/16 birds (871.750g) did not differ from 
other except for 6% of DOP/16 birds, 9% of DOP/12 birds and 9% of DOP/16 birds (595.500g), which was 
the lowest mean. In P4 there were significant differences (P≤0.05) between body weights gain means, the 
highest mean was 3% for DOP/12 birds (782.250g) while, the lowest mean was 9% for DOP/16 birds 
(542.500g). In overall body weights gain means, there were significant (P≤0.05) differences, the best mean 
was 0% of DOP/12 birds (2487.250g) and the lowest mean was 9% for DOP/12 birds (1927.250g). The 
differences in body weight gain in interaction between stoking density with DOP were limited to a certain 
extent appeared to be caused by different levels of orange peel more than by differences in stocking 
densities. 

Table (6). Mean ± SEM of body weight gain (g) for different treatment combination during the experiment. 

Interaction Periods  (week) 

Dried 
orange 
peel’s 
levels 

Stocking 
density’s 
levels 

15 - 21 
(P1) 

22 - 28 
(P2) 

29 - 35 
(P3) 

36 - 42 
(P4) 

15 - 42 
(P5) overall 

0% 
12 birds 397.25± 19 573.25± 32 804.00± 27 712.75± 24 2487.25 ± 60 

16 birds 400.50± 14 507.50± 40 871.75 ± 37.14 595.25± 73 2375.00 ± 85 

3% 
12 birds 349.25± 12 502.00± 14 730.75 ± 25.74 782.25± 114 2364.25 ± 143 

16 birds 354.00± 15 478.75± 32 810.00 ± 27 550.75± 69 2193.50 ± 41 

6% 
12 birds 338.50± 20 464.75± 18 771.75 ± 78 558.00± 70 2133.0 ± 37 

16 birds 340.50± 18 465.00± 29 699.00 ± 57 569.50± 62 2074.0 ± 62 

9% 
12 birds 311.75± 24 477.50± 42 595.50 ± 58.93 550.0 ± 86 1927.25 ± 159 

16 birds 313.0± 21 443.0± 36 723.50 ± 62 542.5 ± 45 2029.50 ± 78 

L.S.D.  0.23  54.35 93.91 
 

      It seems that the depressed feed consumption in the orange peel based diets impaired the growth rate of 
the birds during starter period thereby making the control group to record a faster growth rate. This might 
had resulted from the inability of the experimental chicks to obtain adequate nutrients needed from the feed 
consu med to make their growth rate at least comparable with the control [21]. 
 

Effects of dried orange peel and stocking density on Feed intake: 
     There were significant (P≤0.05) differences in different DOP levels on FI in all periods P1, P2, P3, P4 
and overall shown in table (7). The highest mean was (507.378g) at 0% of DOP/12 birds for FI in P1 and the 
lowest mean was (357.917g) at 9% of DOP/12 birds. In P2 the highest mean was (831.273g) at 0% of 
DOP/12 birds and the lowest mean was at 9% of DOP/16 birds (637.359g), In P3 the highest mean was 
(1155.396g) at 0% of DOP/12 birds and the lowest mean was at 9% of DOP/16 birds (869.609g).  
In P4 the highest mean was (1123.146g) at 0% of DOP/12 birds and the lowest mean was (820.906g) at 9% 
of DOP/16 birds. In overall period the highest mean was (3617.190g) at 0% of DOP/12 birds and the lowest 
mean was (2724.984g) at 9% of DOP/16 birds. From the results in all periods it can be noticed that 
differences in FI mostly from DOP level and less or non from SD. Combination of the two effects may 
produce this difference. Other factors that may contribute to reduced performance included poor air quality 
due to inadequate air exchange, increased ammonia, and reduced access to feed and water [22]. FI trends 
agreed with the fact that high SD decreased FI [23,24]. Poor palatability, aroma and other intrinsic anti-
nutritional factors were identified as factors that affect intake of feeds containing unconventional grain 
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legume seed meals [25]. The presence of saponin and tannins in SOPM may confer bitter taste on the SOPM 
based diets, thereby reducing the FI of birds on these diets [26].  
 

Table (7). Mean ± SEM of feed intake g/bird/week for different treatment combinations during the experiment. 

Interaction Periods  (week) 

Dried 
orange 
peel’s 
levels 

Stocking 
density’s 
levels 

15 - 21 
(P1) 

22 - 28 
(P2) 

29 - 35 
(P3) 

36 - 42 
(P4) 

15 - 42 
(P5) overall 

0% 
12 birds 507.37± 7.42 831.27± 20.87 1155.39± 28.46 1123.14± 18.36 3617.19± 35.18 

16 birds 492.58± 10.08 765.82± 10.38 1042.07± 14.74 952.20± 16.16 3252.69± 21.30 

3% 
12 birds 360.98± 19.37 642.14± 21.19 1011.71± 44.81 879.47± 44.97 2894.32± 60.67 

16 birds 414.99± 25.94 680.28± 15.16 849.18± 27.75 886.40± 26.13 2830.86± 65.27 

6% 
12 birds 375.83± 12.44 706.16± 29.74 974.12± 45.94 983.22± 36.53 3039.35± 99.67 

16 birds 407.34± 27.10 721.26± 22.95 978.90 ± 8.73 952.73± 11.23 3060.25± 68.17 

9% 
12 birds 357.91± 11.12 674.35± 24.25 936.91± 55.28 896.06± 19.09 2865.25± 101.74 

16 birds 397.10± 12.34 637.35± 34.51 869.60± 13.95 820.90± 25.70 2724.98± 48.86 

L.S.D. 50.247 68.567 99.229 78.523 198.39 
 

Effects of dried orange peel and stocking density on Feed conversion ratio: 
     Table (8) revealed the effect of interaction between DOP and SD on FCR during periods of age, the better 
FCR mean was in P1 3% of DOP/12 birds (1.04) and 6% of DOP/12 birds (1.11). In P4 was poorest FCR 
mean among all periods. In P1 9% of DOP/16 birds (1.29) was lower FCR mean, and the better mean was 
3% of DOP/12 birds (1.04) which did not differ from others. P2 had no significant difference between 
means. The lower mean was 3% of DOP/16 birds (1.05) and the highest mean was 9% of DOP/12 birds 
(1.59) in P3 which was significantly (p≤0.05) different. P4 3% of DOP/12 birds (1.18) was better mean and 
6% of DOP/12 birds (1.84) was lower mean. In overall 9% of DOP/12 birds (1.51) was the lower mean and 
3% of DOP/12 birds (1.23) was the better mean. 
Table (8). Mean ± SEM of Feed conversion ratio g feed/g weight for different treatment combinations during the 
experiment. 

Interaction Periods  (days) 

Dried orange 
peel’s levels 

Stocking 
density’s 
levels 

15 - 21 
(P1) 

22 - 28 
(P2) 

29 - 35 
(P3) 

36 - 42 
(P4) 

15 - 42 
(P5) overall 

0% 
12 birds 1.28 ± 0.06 1.46 ± 0.07 1.44 ± 0.06 1.57 ± 0.03 1.45 ± 0.03 

16 birds 1.23 ± 0.03 1.54 ± 0.13 1.20 ± 0.06 1.67 ± 0.19 1.37 ± 0.05 

3% 
12 birds 1.04 ± 0.12 1.28 ± 0.05 1.38 ± 0.05 1.18 ± 0.13 1.23 ± 0.05 

16 birds 1.18 ± 0.09 1.43 ± 0.07 1.05 ± 0.05 1.70 ± 0.25 1.29 ± 0.03 

6% 
12 birds 1.11 ± 0.01 1.52 ± 0.03 1.31 ± 0.17 1.84 ± 0.22 1.42 ± 0.07 

16 birds 1.21 ± 0.09 1.56 ± 0.07 1.42 ± 0.11 1.75 ± 0.24 1.47 ± 0.04 

9% 
12 birds 1.16 ± 0.06 1.44 ± 0.11 1.59 ± 0.09 1.79 ± 0.30 1.51 ± 0.10 

16 birds 1.29 ± 0.11 1.47 ± 0.16 1.22 ± 0.09 1.52 ± 0.15 1.34 ± 0.02 

L.S.D.   0.239 ns 0.280 0.605 0.172 

 
      The DOP in diets improved the feed conversion or the efficiency of feed utilization of broilers [27], the 
high contents of amino acids in the juice wastes mixtures (which also exist in DOP) such as tryptophan, 
lysine and threonine. 
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Conclusion 
      Stocking density did not affect productive performance traits. Feed conversion ratio was not affected by 
dried orange peel and stocking density. Dried orange peel and stocking density were safe on chicken health 
and life because there were only 3 mortalities in whole periods which was not significantly different. 

 
References  
[1] Emenalon O. O., "Comparative Performance of Broiler Chicks Fed Diets Containing Differently 

Processed Muncuna Pruriens Seed Meals". Nig. J. Anim. Prod. Vol.3, No. 1, pp 12 – 16. (2004). 
[2] Amaefule K. U., Nwaokoro C. C. and Iheukwumere F. C., "The effect of feeding graded levels of raw 

pigeon pea seed (Cajanus cajan) meal on the performance, nutrient retention and carcass 
characteristics of weaner rabbits". Nig. J. Anim. Prod. Vol. 31, No. 2, pp 194-199. (2004). 

[3] Oyewole B. O., Oluremi O. I. A., Aribido S. O. and Ayoade J. A., "Effect of Naturally Fermented Sweet 
Orange (Citrus sinensis) Fruit Peel Meal on Performance and Economics of Production of Growing 
Pullets", International Journals of Agriculture and Rural Development, Vol. 15,pp 1029-1032. (2012). 

[4] Oluremi, O. I. A., Ojighen, V. O. and Ejembi, E. H., "The nutritive potentials of sweet orange (Citrus 
sinensis) rind in broiler production". Int. J of Poult. Sci. Vol. 5, No. 7, pp 613-617. (2006). 

[5] Sawamura M., Son U. S., Choi H. S., Kim M. S. L., Phi N. T. L., Fears M. and Kumagai C., 
"Compositional changes in commercial lemon essential oil for aromatherapy". Int. J. Arom, Vol. 4, pp  
27–33. (2004). 

[6] Samy R. P., "Antimicrobial activity of some medicinal plants from India". Fitoterapia, Vol. 76, pp 697–
699. (2005). 

[7] Wannissorna B., Jarikasemb S., Siriwangchaib T. and Thubthimthed S., "Antibacterial properties of 
essential oils from Thai medicinal plants". Fitoterapia,Vol. 76, pp 233–236. (2005). 

[8] Mandalari G., Bennett R.  N., Bisignano G., Saija A., Dugo G., Lo Curto R.  B., Faulds C.  B., and 
Waldron K. W., "Characterization of flavonoids and pectin from bergamot (Citrus bergamia Risso) 
peel, a major byproduct of essential oil extraction".  J. Agric. and Food Chem. Vol. 54, pp 197–203. 
(2006). 

[9] Zhang H. Y., Piao X. S., Zhang Q., Li P., Yi J. Q., Liu J. D., Li Q. Y. and Wang G. Q., "The effects of 
Forsythia suspensa extract and berberine on growth performance, immunity, antioxidant activities, and 
intestinal microbiota in broilers under high stocking density". Poult. Sci. Vol. 92, pp 1981–1988. 
(2013). 

[10] Debut M., Berri C., Arneould C., Guemene D., Sante´-Lhoutellier V., Sellier N., Baeza E., Jehl N., Jego 
Y., Beaumont C. and LeBihan-Duval E., "Behavioral and physiological responses of three chicken 
breeds to pre-slaughter shackling and acute heat stress". Br Poult Sci. Vol. 46, pp 527-535. (2005). 

[11] Jonge J. and Trijp H., "The impact of broiler production system practices on consumer perceptions of 
animal welfare". Poult Sci, Vol. 92, pp 3080-3095. (2013). 

[12] Bokkers E., Boer I. and Koene P., "Space needs of broilers". Anim Welf, Vol. 20, pp 623-632, (2011). 
[13] Tong, H. B., Lu, J., Zou, J. M., Wang, Q. and Shi, S. R., "Effects of stocking density on growth 

performance, carcass yield, and immune status of a local chicken breed". Poult. Sci, Vol. 91, pp 667 
673. (2012). 

[14] Sosnówka-Czajka, E., Herbut, E. and Skomorucha, I., Effect of different housing systems on 
productivity and welfare of laying hens. Ann. Anim. Sci., 10: 349-360, (2010). 

[15] Lay Jr D. C., Fulton R. M., Hester P. Y., Karcher D. M., Kjaer J. B., Mench J. A., Mullensn B. A., 
Newberry R. C., Nicol C. J., O’Sullivan N. P. and Porter R. E., "Hen welfare in different housing 
systems". Poult. Sci. Vol. 90, pp 278 – 294. (2011). 



JZS (2016) 18 – 4 (Part-A) 

118 

 

[16] Mihulka M., Chuto J., Wrońska D., Nowakowska A. and Perłakowska M., "Technological 
characteristics of poultry and pig rearing in the European Union (in Polish)". Ministerstwo 
Środowiska, Warszawa, s. 43 – 45.12, (2003). 

[17] NRC.  "Nutrient Requirements of Poultry". Nine Revised Edition. National Academy Press. Washington 
DC., (1994). 

[18] AOAC. Association of Official Analytical Chemist., "Appendix G: Guidelines for Collaborative Study 
Procedures to validate characteristics of a method of analysis", Official Methods of Analysis, 12 p, 
(2002). 

[19] Steel R. G. D., and Torrie J. H., "Principles and procedures of statistics". McGraw-Hill Book 
Company, New York. pp 481. (1960). 

[20] Ojabo L. D. and Adenkola A. Y., "The growth performance and haematology of cockerel chicks fed 
with sweet orange (Citrus sinensis) fruit peel meal". Annals of Biological Research, Vol. 4, No.10, pp 
684-688. (2013). 

[21] Oluremi O. I. A., Okafor F. N., Adenkola A. Y. and Orayaga K. T., "Effect of Fermentation of Sweet 
Orange (Citrus sinensis) Fruit Peel on its Phytonutrients and the Performance of Broiler Starter". Int. 
J. of Poult. Sci. Vol. 9, No. 6, pp 546-549. (2010). 

[22] Feddes J. J., Emmanuel E. J. and Zuidhof M. J., "Broiler performance, body weight variance, feed and 
water intake, and carcass quality at different stocking densities". Poultry Sci. Vol. 81, pp 774-779. 
(2002). 

[23] Dozier W. A., Thaxton J. P., Purswell J. L., Olanrewaju H. A., Branton S. L. and Roush W. B., 
"Production, modeling, and education stocking density effects on male broilers grown to 1.8 kilograms 
of body weight". Poult. Sci., Vol. 85, pp 344 351. (2006). 

[24] Estevez I,. "Density allowances for broilers: where to set the limits". Poult. Sci., Vol. 86, pp 1265-1272. 
(2007). 

[25] Kperegbeyi J. I. and Onwumere O. S., "Effect of raw and toasted bambara groundnut (Vigna 
subterranean (L.) verdcourt) on performance of growing cockerels". In: Book of Abstract of the 32nd 
Annual conference, NSAP, held at the University of Calabar, Calabar, Nigeria. Vol. 32, pp 188 – 91, 
(2007). 

[26] Rizal Y., Mahata M. E., Andriani M. and Wu G., "Utilization Juice Wastes as Corn Replacement in the 
Broiler Die". World Academy of Science, Engineering and Technology Vol.4, pp 08-29. (2010).  


