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ABSTRACT 
The study was conducted to investigate the effect different stocking densities and quantitative feeding regimens on starting broiler chicks. A total of one hundred and eighty (162) Marshall strain chicks having average initial weight of 44.23g at day old were randomly distributed and used for the trials. The treatments under stocking densities were D1 (0.25m2/bird), D2 (0.17m2/bird) and D3 (0.13m2/bird) while under the quantitative feeding regimen were 0% feeding restriction (F1), 15% feed restriction (F2) and 30% feed restriction (F3). All were replicated three times making a total of 27 observations and randomly distributed into a 3 × 3 factorial arrangement in a completely randomized design. The growth performance, economic cost, nutrient digestibility and haematological characteristics were measured, data obtained were subjected to one way analysis of variance. Duncan multiple range test was used to separate means with significant differences (p<0.05). Results showed that stocking density had no significant effect (p>0.05) on the daily feed intake and the body weight gain. The body weight gain decreased with increasing stocking density from 20.53g in D1 to 19.25g in D2. The best feed conversion ratio (FCR) value of 3.05 was recorded in D3 compared to 3.20 recorded in D2. Stocking density had no effect on the dry matter digestibility, crude protein digestibility, crude fibre digestibility and ether extract digestibility (p>0.05). The stocking density however had effect (p<0.05) on the haematological parameters like red blood cell (RBC), mean cell volume, mean cell haemoglobin concentration, blood glucose corticosterone blood levels. The blood cholesterol was significantly highest in D1 (94.28mg/dl) compared to the lowest value of 88.17mg/dl in D3. Stocking density had no significant effect on cost of feed per kg weight gain. The quantitative feed restriction significantly decreased both the daily feed intake and weight gain. A lower daily weight gain of 16.40g in F3 compared to 22.95g in F1. A better FCR value was recorded in the restricted groups compared to the F1. Birds in F3 recorded a marginally better digestibility coefficient when compared to F1 and F2 respectively. The packed cell volume and RBC was significantly lower in feed restricted birds compared to F1 but the white blood cells were significantly highest in F3 than in F1 and F2. The blood glucose and cholesterol level was significantly highest in F1 than F2 and F3 birds.  The heterophil: lymphocyte ratio (H: L) was significantly highest in F3 than in F1 and F2 respectively. Feed restricted birds (F1 and F2) had significantly (p<0.05) lower cost of feed intake/ bird (N5.32 and N6.15) compared to N7.64 in F1 birds. Also, the cost of feed/kg weight gain was significantly lowest in F3 at N317.20 compared to N334.53 in F1. It was concluded that that birds in D3 and F3 had the best FCR and better digestibility coefficient though higher haematological values were recorded in the D1 and F1 compared to other treatments. Birds in F3 had lower haematological profiles and reduced costs of production per bird due to the quantitative feed restriction.
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INTRODUCTION
The advent of great breakthrough in animal breeding coupled with better animal production and nutritional managemental practices had led to selection of broiler chickens with rapid growth rate that reach the slaughter weight within a short time period (Mohammad et al 2012). Most of these birds are imported from the temperate to the tropical regions for adaptation and production. These birds came in with inherent associated problems that accompanied high growth rate which included metabolic and cardiovascular abnormalities/disorders like “flip over syndrome” (sudden death syndrome), abdominal fluid buildup (ascites) and other skeletal abnormalities (Yu et al, 1990; Urdaneta and Leeson, 2002). Most tropical poultry farmers used to overcrowd their stocks which do negatively mask growth performance characteristics resulting in loss of stock and higher mortality and hence, loss in the economics of poultry production business (Olomu, 1980; Oluyemi and Roberts, 2000). These overcrowding are mostly done in an attempt to cover the costs incurred in housing, feeding and medication of poultry birds, also, most farmers do not have the knowledge of adequate stocking density to use (Muniz et al. 2006). The increased feed intake as a result of greater accesses to feed (ad libitum feeding) has its inherent attendant problems leading to subsequent problems of increased abdominal fat deposition which is an uneconomical undesirable product (Nielson et al. 2003; Abel et al. 2014). The problems of cardiovascular heart challenges associated with increased cholesterol intake due to consumption of fat and also, there are lots of meat rejects in the processing industry and subsequent economic losses in the poultry industry and the loss of lean meat had denied the populace in the nation of protein intake in the respective food basket (Olomu, 1980; Onifade, 1997). Therefore, the aim of this research is to determine the effect of different stocking density and feed restriction regimen at the starter phase of the broiler chicks on feed efficiency, growth performance, digestibility and haematological characteristics at the end of the period.  
MATERIAL AND METHODS
The experiment was carried out in the deep litter section of the Animal House in the Food and Technology Department of the Federal Institute of Industrial Research, Oshodi (FIIRO) Lagos State, Nigeria. The treatments consisted of the stocking density as a factor was at three levels of 0.25 (4 bird/m2), 0.17 (6 birds/m2) and 0.13m2 per bird (8 birds/m2), while the feed restriction regimens was at 100-ad libitum as control, 15% restriction of ad lib and 30% restriction respectively. One hundred and sixty-two (162) day old Marshall broiler chicks were used for the study. Proper medication and vaccination programmes were carried out and good bio-security measures were adhered to. The birds were weighed on arrival at the farm (initial weight) and weekly thereafter. Using a Completely Randomized Design (CRD) layout, the birds were assigned to nine treatments with each treatment replicated three times. The experimental birds were weighed before the commencement of the trial and randomly allotted according to the bodyweight uniformity to the treatments and replicate pens constructed at 1 x 1m2 dimensions on deep litter floor. This was well ventilated to avoid any heat buildup. Birds were given 24 hours of free access to clean water daily and lighting regimen of 22hrs of light and 2 hrs of dark. All birds were scientifically handled and high welfare standard maintained.
The composition of the experimental diet was shown in Table 1.
Birds, Housing and Diets
Marshall strain broiler chicks were obtained from a reputable hatchery and reared from 1- day old and fed the experimental diets in Table 1. The birds on stocking density 0.25, 0.17 and 0.13m2 per bird were properly separated in wooden pens covered with a 4mm wire mesh to prevent crossing prom one pen to another and for easy data collection. 
Table 1: Composition of experimental starter diet (g kg-1).
	
Ingredients
	
Starter diet

	Maize
	532.00

	Soybean meal
	320.00

	Groundnut cake
	47.00

	Wheat offal
	45.00

	Fish meal
	20.00

	Bone meal
	25.00

	Oyster shell
	5.00

	Methionine
	1.00

	*Vit-Min Premix
	2.50

	Common salt (Nacl)
	2.50

	TOTAL
	1000.00

	Determined Analysis (g kg-1)	

	Dry matter 
	891.50

	Crude Protein 
	226.70

	Crude Fat 
	40.50

	Crude Fibre 
	38.61

	Ash 
	30.90

	Calculated Analysis (g kg-1)
	

	ME (MJ/kg)
	11.97

	ME: Protein ratio
	124.36

	Calcium
	9.60

	Av. Phosphorus
	5.10

	Lysine
	12.80

	Methionine
	4.60















































Starter diet fed at 0, 15 and 30% of ad libitum feed restriction quantitatively.
*provided g kg-1 of diet- Vitamin A (12,000IU); Vitamin D3 (2.500IU); Vitamin E (30,000IU);Vitamin K3 (2,000mg); Vitamin B2-Riboflavin (3mg); Vitamin B3-Nicotinic acid (10mg);VitaminB5(15mcg)-Pantothenicacid(15,000mg);Manganese(80,000mg);Zinc(50mg); Copper(5mg); Iodine(1,000mg); Cobalt (Co) (0.2mg); Selenium (Se) (0.1mg)),Folic acid (1,500mg),Biotin (50 mcg); Choline chloride (300,000mg)

The brooding temperature was initially maintained at 34.5oC using hanging ambient thermometers (XPT model) at the first week and reduced thereafter as the weeks go by. The pen was open sided for proper ventilation and the wood shavings used as litter material to prevent from cool floor temperatures and helping to absorb the faecal droppings from the chicks to prevent body and feed contamination, thereby maintaining a healthy micro-environment. The diets were formulated to meet the requirement of the broiler starter chicks according to the National Research Council (NRC, 1994). The quantitative nature of the feed-in mash form- was such that the quantity of feed per day was measured out and given ad libitum (as control 0), 15% of the ad libitum and also 30% of the control feed were all weighed out daily and given. Where there was leftover, it was collected, weighed and subtracted from the intake and computed for the growth performance data analysis.
Statistical Analysis
Data collected were arranged in a 3 × 3 factorial experimental layout in a completely randomized design. The significant (P<0.05) differences among each treatment were separated using the Tukey- Krammer post hoc test for multiple comparisons as contained in Minitab statistical package (2005).   
The model used in the experiment was as shown below-
Statistical model
Yijk = µ + Ti + Ij + (TI) ij + Ɛijk          Where,
Yijk = Output parameter
µ = overall mean
Ti = ith effect of stocking density (i= 0.25, 0.17 and 0.13m2/bird)
Ij = jth effect of quantitative feed restriction (j= control 0, 15%, 30%feed restriction).
(TI)ij = Interaction effect of stocking density and feeding time.
Ɛijk = Random error.

RESULTS AND DISCUSSION
Stocking density had no significant effect (p>0.05) on the body weight, weight gain, feed intake, feed conversion ratio (FCR) and protein efficiency ratio (PER) among the treatment means (Table 2). This result agree with the report of Fairchild (2005) and Tong et al. (2012) who reported that stocking density had no significant effect on the growth performance, however, this was at variance with Shanawany (1988) and Thaxton et al. (2006) who reported a higher stocking density due to a higher stocking density used. Quantitative feed restriction significantly (p<0.05) affected the daily weigh gain where birds on F3 treatment had a significantly lowest weight gain of 16.40g compared to 22.95g in F1 birds, this reduction in weight gain could be as a result of lower feed intake per bird due to the feed restriction treatments (Zhan et al., 2007). Also, the FCR was significantly lowest in restricted birds F2 with a value of 3.06 compared to 3.22 observed in F1. This report clearly corroborated that of Mohammad et al. (2012) and Tumova et al. (2002), however, it is in contrast to Ramlah et al. (1996) who reported that quantitative feed restriction had no effect on the growth performance of birds.  Birds in F2 had a significantly higher protein efficiency ratio (PER) value of 1.48 compared to 1.40 and 1.37 in F3 and F1 respectively. There was no mortality recorded. 
The economic cost evaluation showed that the cost of daily feed intake per bird and cost of feed per kg weight gain was not significantly (p>0.05) affected by the stocking density. The quantitative feed restriction however significantly (p<0.05) lowered the cost of feed intake/bird by N5.32 and N6.15 in F3 and F2 while F1 recorded N7.64, this lowered value in F3 could be as a result of lowered feed consumed by the birds when compared to those in F1 (Table 2).  
The stocking density and quantitative feed restriction had no significant effect (p>0.05) on the digestibility parameter measured (Table 3), however, there are marginal differences. The main effect of the stocking density and the quantitative feeding regimens on the haematological blood profiles (Table 4) showed that the stocking density significantly lowered the red blood cell values from 3.79 mm3 in D1 to 3.57 and 3.34 mm3 in D1 and D3 respectively, this reduction in the blood values could be due to stress of decreased space unit per bird. The blood cholesterol values was significantly (p<0.05) highest in the birds raised under D1 (99.28mg/dl) compared to 88.17mg/dl in D3 birds. The heterophil: lymphocyte (H: L ratio) was however significantly highest in D3 (0.61) compared to 0.53 in D1. The quantitative feeding regimens showed that the pack cell volume was significantly lowest in the lowest feeding regimens D3 with a value of 26.90% compared to the highest value of 32.73 and 30.86% in D1 and D2 respectively. The white blood cell (WBC) was significantly highest in F3, this could be due to response of the birds to the low feed intake quantitatively which is a form of stress, this triggered up the immune response of the birds physiologically (Yu et al., 1990; Zulkifli and Siegel, 1995). The serum creatinine was significantly highest in F1 with a value of 1.11mg/dl compared to 0.87mg/dl, this could be due to the higher feed intake and growth rate compared to restricted feed birds in F2 and F3, however, the blood cholesterol was lowest in F3. The H: L ratio was significantly highest in D3 (0.61), this could be attributed to the feed related stress imposed by the feeding regimen.


                                           Table 2 Main effect of stocking density and quantitative feed restriction on performance and 
                                                          economic cost of starting broiler chicks                                                 
	
	
Stocking Density (m2/bird)
	
	
Quantitative Feed Restriction
	

	

	
0.25
	
0.17
	
0.13
	
SEM
	
0%
	
15%
	
30%
	
SEM

	PARAMETERS
Initial liveweight/bird (g)
	
254.26
	
253.82
	
253.55
	
1.80
	
253.48
	
253.51
	
254.64
	
1.89

	
Final liveweight/bird 
	
541.70
	
523.29
	
524.92
	
16.90
	
574.77a
	
530.90ab
	
484.21b
	
10.79

	
Daily weight gain/bird (g)
	
20.53
	
19.25
	
19.38
	
1.21
	
22.95a
	
19.81ab
	
16.40b
	
0.76

	
Daily feed intake/bird (g)
	
63.61
	
61.51
	
59.05
	
   3.32
	
73.63a
	
59.27b
	
51.28c
	
0.52

	
Feed conversion ratio (FCR)
	
3.10
	
3.20
	
3.05
	
0.13
	
3.22
	
3.06
	
3.18
	
0.12

	
 Daily protein intake/bird (g)
	
14.42
	
13.94
	
13.39
	
0.76
	
16.69a
	
13.44b
	
11.63c
	
0.12

	 
Protein efficiency ratio (PER)
	
1.42
	
1.40
	
1.39
	
0.06
	
1.37
	
1.48
	
1.40
	
0.05

	
Mortality (%)
	
0.00
	
0.00
	
0.00
	
0.00
	
0.00
	
0.00
	
0.00
	
0.00

	
Cost of feed/kg of diet (N) 
	
103.76
	
103.76
	
103.76
	
0.00
	
103.76
	
103.76
	
103.76
	
0.00

	
Cost of daily feed intake/bird ( N)
	
6.59
	
6.38
	
6.33
	
0.34
	
7.64a
	
6.15b
	
5.32c
	
0.15

	
Cost of feed/kg weight gain ( N)
	
321.64
	
332.03
	
316.15
	
12.96
	
334.53
	
317.20
	
329.50
	
13.58




















abc Means within same row  by factor with different superscripts differ significantly (P<0.05) .
SEM- Standard Error of Means

	


 Table 3 Main effect of stocking density and quantitative feed restriction on digestibility 
	      trials of starting broiler chicks    
ab Means within same row  by factor with different superscripts differ significantly (P<0.05) .
SEM- Standard Error of Means

	

	Stocking Density(m2/bird)
	

	    Quantitative Feed Restriction

	

	Parameter (%)
	0.25

	     0.17
	  0.13
	SEM
	    0%
	  15%
	 30%
	SEM

	
DMD
	
84.57
	
84.78
	
84.96
	
0.29
	
84.72            
	
84.81
	
84.77
	
0.31

	
CPD
	
91.52
	
91.49
	
91.81
	
0.16
	
91.38
	
91.72          
	
91.71
	
0.17

	
CFD
	
31.16
	
29.54
	
28.96
	
1.66
	
27.52 
	
30.39         
	
31.74
	
1.54

	
EED
	
97.56
	
97.68
	
97.61
	
0.08
	
97.51
	
97.57
	
97.76    
	
0.07

	
	
	
	
	
	
	
	
	



			
			
















           


Table 4 Main effect of stocking density and quantitative feed restriction on hematology profile of starting broiler chickens 

	Parameter
	Stocking Density(m2/bird)
	
	Quantitative Feeding Regimen
	

	
	   
  0.25             0.17           0.13
	
SEM
	  
   0%          15%           30%
	
SEM

	Packed cell volume (%)
	31.84 
	29.51 
	29.14
	1.27
	32.73a                                    
	30.86a
	26.90b
	 0.94

	Red blood cell (106/mm3)
	3.79a                                           
	3.57b
	3.34c
	0.09
	3.82a                                         
	3.57b
	3.31c 
	0.42

	White blood cell (103/mm)
	25.35 
	25.25
	25.30
	0.73
	24.33b                                      
	24.33b
	27.23a
	0.36

	Haemoglobin conc (g/dl)
	10.80 
	10.75
	10.41
	0.28
	11.12                                      
	10.63
	10.21
	0.22

	MCV (femtolitres)
	90.12a                                        
	88.61ab
	86.53b
	0.72
	89.51 
	88.39
	87.36 
	0.91

	MCH (u/mg)
	30.14 
	29.69
	29.43
	0.70
	30.51 
	28.97
	29.78
	0.66

	MCHC (%)
	33.92a                                       
	31.17ab
	29.77b
	0.86
	32.28 
	31.77
	30.81 
	0.79

	Total Serum Prot(mg/dl)
	43.71 
	42.03
	40.96
	1.19
	40.87 
	42.05
	43.78
	1.16

	Serum albumin mg/dl)
	25.63 
	25.03
	25.38
	0.73
	24.37 
	25.33
	26.35
	0.70

	Serum globulin (mg/dl)
	17.24 
	17.00
	15.58
	1.14
	15.67 
	16.72
	17.43
	1.07

	Albumin: globulin ratio
	1.54 
	1.51
	1.66
	0.12
	1.57 
	1.56
	1.57
	0.12

	Serum creatinine (mg/dl)
	1.00 
	1.00
	0.96
	0.05
	1.11a                                        
	0.96ab
	0.87b
	0.09

	Blood glucose (mg/dl)
	190.11a                                
	189.53a
	184.13b
	2.84
	180.36c                                  
	188.27b
	195.25a
	1.46

	Corticosterone (mg/dl)
	8.39b
	9.93a
	11.26a
	0.79
	7.76c
	9.97b
	11.86c
	0.59

	Blood Cholesterol (mg/dl)
	94.28a
	92.24ab
	88.17b
	1.79
	95.61a
	91.24ab
	87.82b
	1.53

	Heterophil: Lymphocyte
	0.53                                      
	0.52
	0.61
	0.03
	0.48b                                            
	0.57ab
	0.61a  
	0.22


abc Means within same row by factor with different superscripts differ significantly (P<0.05).
SEM.- Standard Error of Means


Conclusion
It is hereby concluded that stocking density had no significant effect on the growth performance and digestibility coefficients of the starting broiler chicks but significantly some of the haematological profiles. The quantitative feed restrictions had effect on the growth performance leading to reduced feed intake and weight gain. It also affected the haematological blood profiles. It however positively leads to reduced cost of production and a better feed conversion ratio.
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