Original Research Article 
NUTRITIONAL CONTENT OF SESAME (Sesamum indicum L.) SEED CAKE AND ITS GROWTH PERFORMANCE ON BROILER CHICKENS
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ABSTRACT
This study is aim at evaluating the growth performance and nutrient digestibility of broiler chickens fed diets containing graded levels of sesame cake. A total of 250 day-old Arbor Acres broiler chicks were used for the study. The birds were randomly allotted to five treatment groups, such that mean live weight were similar. Each treatment consists of 50 birds, subdivided into five replicates of 10 birds each in a completely randomised design (CRD). There was a control treatment (T1) which birds received feed containing no sesame cake, while the feed offered to other treatments (T2,T3,T4 and T5) contained 10 %, 15 %, 20 % and 25 % sesame cake respectively.  All the diets were iso-nitrogenous and iso-caloric (23.5 % CP, 2800 Kcal/kg and 20 % CP, 3000 Kcal/kg M.E for starter and finisher respectively).  Feed and water were provided ad-libitum. The result of the starter phase showed that birds fed the control diet (P<0.05) ate more feed than those fed sesame cake diets. Weight gain fell as sesame cake content of the diet increased. Feed conversion (1.54) and protein utilization (2.81) were significantly (P<0.05) also better in the absence of sesame cake. While, during the finisher phase, there were no differences in weight gain and feed conversion between treatments, and Feed cost/kg weight gain (₦266.25) (P<0.05) was better for treatments fed sesame seed cake.  There were no (P>0.05) significant differences in the digestibility of nutrients during both starters and finisher phases. It was concluded that up to 25 % sesame seed cake can be used in the diets of broiler chickens without any adverse effects on growth performance, nutrient digestibility and profitability. 
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INTRODUCTION
In most developing countries like Nigeria, there is inadequate supply of sources of animal protein for human food. An average Nigerian consumes only about 8.6g of animal protein per day as against 53.3g by the inhabitants of developed countries (Ogundipe, 1996; Ojo, 2003). Sanni & Ogundipe (2005) reported that the poultry industry occupies a strategic position in the livestock sector of under develop countries, one of which is because birds have shorter gestation than other farm animals, and are able to produce relatively large amounts of meat and eggs for human consumption within a comparatively short space of time. According to Ogundipe & Sanni (2002); FAO (2006) reports, poultry is considered to be a veritable means of speedily achieving higher levels of nutrition and economic independence. Adegbola (2004) reported that 41.32% of animal protein yield in Nigeria is sourced from poultry meat and eggs, 9.79% from cattle and 12.43% from pigs. FAO (1995) recommended that the best logical solution to the shortfall in animal protein supplies in developing countries is to increase broiler chicken production. Poultry industry contributes significantly to family income (Ogundipe & Sanni, 2002).
Nutrition is perhaps the most important factor in livestock management. Inadequate supply of feeds, nutritionally unbalanced rations, adulterated ingredients or stale feeds are some of the factors responsible for low productivity of livestock in the tropics (Ogundipe, 1987; Ogundipe et al., 2003). Therefore a major interest of the livestock farmer is to reduce feed cost, which usually accounts for 60 to 70% of the total cost of production (Nworgu et al., 1999; Igwebuike et al., 2001; Ogundipe et al., 2003). Research efforts are now geared towards evaluating alternative feed ingredients for poultry. According to Atteh & Ologbenla (1993), such alternatives should have comparative nutritive value but cheaper than the conventional protein sources and should also be available in large quantities.
In this regard, sesame (Sesamum indicum L), a drought-tolerant crop is adapted to many soil types (Ram et al., 1990). In Nigeria, sesame is grown in the northeast, southeast, southwest and north central zones (Presidential Task Force, 1992). According to Ahmed (2005), there are about 335,000 hectares under sesame cultivation in Nigeria with yields of between 1.5-2.0 tonnes per hectare. The seed contains 22-25% crude protein while the cake, after oil extraction contains about 46% crude protein (Peace Corps, 1990). Olomu (1995) reported that sesame cake when used at the right proportions with groundnut cake results in a balanced diet with respect to lysine and methionine. Sesame seed has been included in rations for poultry and swine (Gohl, 1981).
MATERIALS AND METHODS
Location of the Study
The study was conducted at the poultry unit of the Livestock Teaching and Research Farm of the University of Agriculture Makurdi, Benue State, Nigeria. Makurdi lies on 070 41’N, 080 37’E and is within the southern guinea savannah ecological zone with a climate that has two distinct seasons. The wet season start in April and end in October while the dry season spans from November through March. High temperature is experienced between February and April (36.90C to 35.00C), while the harmattan with cool chilly weather is experienced from December to early February (17.60C to 22.00C). Annual temperature ranges between 210C in January and 350C in March, with an annual rainfall of 1500mm-1800mm. Relative humidity range between 69% in August/ September (Anon, 2004).
Source of Experimental Materials
The sesame seed cake was purchased from Nigeria oil mills Kano while other feed ingredients were purchased from the open market in Makurdi metropolis, Benue state processed and mixed to produce the experimental diets. 
CHEMICAL ANALYSIS
Proximate Analysis
Proximate compositions of the test ingredient as well as the experimental diets were determined at the laboratory using the methods described by (A.O.A.C., 2006). Metabolisable Energy (ME) was calculated using the equation ME (Kcal/kg) = 37*% CP + 81.8* % E E + 35.5*% NFE (Pauzenga, 1985).The analysis was done at animal nutrition laboratory, University of Agriculture Makurdi, Nigeriaand biochemical laboratory National Veterinary Research Institute Vom, Plateau state.
Anti-nutritional Factors
Oxalate and Phytate content were determined as outlined by (A.O.A.C., 2006). Cynogenic Glycosides was determined using the procedure of Cooke and Maduagwu (1978) and modified by (Ikeiobi and Fashagba, 1985). Tannin acid was determined using the method of (Earp et al., 1981). Alkaloids was determined using the method of (Maxwell et al., 1995). Analysis done at zoology laboratory, University of Jos, Nigeria.
Amino Acid Profile
Amino acid analysis was performed using a Technicon Sequential Multisample (TSM) amino acid analyser (Technicon Inc. USA). Analysisdone at zoology laboratory, University of Jos, Nigeria.
EXPERIMENTAL DIETS, DESIGN AND MANAGEMENT OF BIRDS
Experimental Diets, 
Five isonitrogenous and isocaloric broiler starter and broiler finisher diets each (23.00% CP; 2800 Kcal/kg) and (20.00 % CP; 3000 Kcal/kg) respectively, containing graded levels (0, 10, 15, 20 and 25%) of sesame seed cake were formulated as presented in Tables 1 and 2

Table 1.Ingredient and Nutrient Composition of Experimental Diets for broiler starter
	Ingredient %
	T1 (0%)
	T2 (10%)
	T3 (15%)
	T4 (20%)
	T5 (25%)

	Maize 
	46.80
	43.50
	43.50
	39.8
	37.50

	Sesame seed cake 
	0.00
	10.00
	15.00
	20.00
	25.00

	Maize offal
	8.50
	6.50
	5.50
	5.50
	6.50

	Ground nut cake
	23.40
	21.20
	19.20
	19.00
	14.50

	Soybean cake 
	16.90
	14.30
	12.30
	11.00
	11.80

	Limestone
	1.20
	1.20
	1.20
	1.20
	1.20

	Bone meal
	2.70
	2.70
	2.70
	2.70
	2.70

	Salt
	0.23
	0.23
	0.23
	0.23
	0.23

	Vit. Premix
	0.23
	0.23
	0.23
	0.23
	0.23

	L lysine
	0.20
	0.20
	0.20
	0.20
	0.20

	Di methionine
	0.20
	0.20
	0.20
	0.20
	0.20

	Total
	100
	100
	100
	100
	100

	Calculated Nutrient
	
	
	
	
	

	ME (Kcal/kg
	2801.00
	2842.00
	2881.00
	2879.00
	2898.00

	Crude protein (%)
	23.00
	23.59
	23.34
	23.96
	23.88

	Energy. Protein ratio
	121:81
	120:47
	123:43
	120.17
	121.35

	Ether extract (%)
	4.65
	5.39
	5.72
	6.11
	6.47

	Crude fibre (%)
	4.73
	5.82
	6.29
	6.95
	6.99

	Calcium (%)
	1.22
	1.25
	1.26
	1.27
	1.28

	Avai. P. (%)
	0.49
	0.49
	0.49
	0.49
	0.49

	Ca. P ratio
	2:50
	2:60
	2:60
	2:60
	2:60

	Lysine (%)
	1.19
	1.55
	1.55
	1.89
	2.09

	Methionine +cys(%)
	0.86
	0.78
	0.73
	0.70
	0.65

	Feed cost/ kg (#/kg)
	90.56
	88.58
	85.50
	82.78
	83.55


	*Vitamin/mineral premix from Bio-mix Broiler starter supplied per kg of diet:Vit. A, 10,000 i.u

	; Vit. D3, 2000 i.u; Vit. E 3mg; Vit. K, 2 mg; Vit. B1 (Thiamine), 1.8mg; Vit B2 (Riboflavin),

	5.5mg;  Vit. B6 (Pyridoxine), 3mg; Vit. B12  0.015mg;   Pantothenic  acid 7.5mg; Folic acid 0.75

	mg; Niacin 27.5mg; Biotin 0.6mg; Choline chloride 300mg; Cobalt  0.2mg;  Copper 3mg;

	Iodine 1mg; Iron 20mg; Manganese 40mg; Selenium 0.2mg;

	Zinc 30mg; Antioxidant 1.25mg; ME= Metabolisable Energy.



Table 2: Ingredient and Nutrient Composition of Experimental Diets for Broiler Finisher 
	Ingredient %
	T1 (0%)
	T2 (10%)
	T3 (15%)
	T4 (20%)
	T5 (25%)

	Maize 
	57.00
	53.00
	52.00
	50.50
	48.00

	Sesame seed cake 
	0.00
	10.00
	15.00
	20.00
	25.00

	Maize offal
	4.10
	4.10
	4.10
	3.80
	3.90

	Ground nut cake
	16.70
	12.50
	10.50
	9.30
	8.00

	Soybean cake 
	15.00
	13.50
	11.50
	9.50
	9.00

	Oil sludge
	3.10
	2.50
	2.20
	2.10
	1.30

	Limestone
	1.20
	1.20
	1.20
	1.20
	1.20

	Bone meal
	2.70
	2.70
	2.70
	2.70
	2.70

	Salt
	0.25
	0.23
	0.23
	0.23
	0.23

	Vit. Premix
	0.25
	0.23
	0.23
	0.23
	0.23

	L lysine
	0.20
	0.20
	0.20
	0.20
	0.20

	Di methionine
	0.20
	0.20
	0.20
	0.20
	0.20

	Total
	100
	100
	100
	100
	100

	Calculated Nutrient
	
	
	
	
	

	ME (Kcal/kg
	2987.00
	3004.00
	3020.00
	3040.00
	3034.00

	Crude protein (%)
	20.02
	20.33
	20.07
	20.10
	20.63

	Energy. Protein ratio
	149:25
	147:76
	150:44
	151:22
	147:05

	Ether extract (%)
	5.30
	5.86
	6.10
	6.42
	6.59

	Crude fibre (%)
	3.93
	5.19
	5.74
	6.30
	6.99

	Calcium (%)
	1.21
	1.24
	1.24
	1.25
	1.26

	Avai. P. (%)
	0.47
	0.47
	0.47
	0.47
	0.47

	Ca. P ratio
	2:60
	2:60
	2:60
	2:70
	2:70

	Lysine (%)
	1.04
	1.55
	1.55
	1.71
	1.91

	Methionine +cys(%)
	0.78
	0.64
	0.64
	0.60
	0.57

	Feed cost/ kg (#/kg)
	96.32
	90.95
	96.80
	86.45
	86.30


	*Vitamin/mineral premix from Bio-mix Broiler starter supplied per kg of diet:Vit. A, 10,000 i.u

	; Vit. D3, 2000 i.u; Vit. E 3mg; Vit. K, 2 mg; Vit. B1 (Thiamine), 1.8mg; Vit B2 (Riboflavin),

	5.5mg;  Vit. B6 (Pyridoxine), 3mg; Vit. B12  0.015mg;   Pantothenic  acid 7.5mg; Folic acid 0.75

	mg; Niacin 27.5mg; Biotin 0.6mg; Choline chloride 300mg; Cobalt  0.2mg;  Copper 3mg;

	Iodine 1mg; Iron 20mg; Manganese 40mg; Selenium 0.2mg;

	Zinc 30mg; Antioxidant 1.25mg; ME= Metabolisable Energy.




Experimental Design and Management of Birds
A total of two hundred and fifty (250) day old Arbor Acres broiler chicks (of mixed sexes) were obtained from a reputable hatchery and used for the study. At the start of the experiment, after removal of weak and unthrifty birds were removed. The chicks were weighed and randomly assigned to twenty five groups of 10 birds each, with similar mean live weight. Five groups were randomly assigned to each of the 5 experimental diets each group were randomly assigned to each of the 5 experimental diets shown in Table 1 and 2, in a Completely Randomized Design (CRD). These diets constitute the experimental treatments.
The birds were reared on deep litter, using pens measuring 4m X 2m/group, in an open sided, tropical style poultry house. All routine management practices, including recommended vaccinations and medications, were strictly observed throughout the period of the study. Feed and water was provided ad-libitum. There was a starter phase which lasted from day old to 4 weeks of age, and finisher phase of 7-10 weeks. During the two weeks in between (5th and 6th weeks) all birds were pooled and fed a common diet, after which they were re-randomised into finisher phase experimental groups similar to those of the starter phase. 
PARAMETERS MEASURED
The birds were weighed at the beginning of the experiment and thereafter weekly. Data was collected on final body weight, leftover feed and feed intake were measured, and feed cost per kilogramme and the cost of feed per kilogramme weight gain (N/kg) were calculated. Mortalities were recorded.
Feed Intake 
A predetermined quantity of feed was allocated to each replicate group and the left over weighed at the end of the week. The difference was used to calculate feed intake.
Weight Gain 
The body weight for each replicate group were obtained collectively at the beginning and end of each week, and divided by the number of birds in the group to obtain the average weight per bird. The difference were used to calculate weight gain
Feed Conversion Ratio (FCR)
The record of feed consumed and that of weight gain by birds in each treatment group was used to compute feed conversion ratio (FCR) according to the following formula.
FCR =feed intake (g)/Weight gain (g).
Protein Efficiency Ratio
These was determined using the following formula
PER = gain in body weight (g) /protein intake (g)
DIGESTIBILITY TRIAL
At the end of the starter and finisher phases, four birds each from the five treatment groups with similar mean live weight were selected from each replicate and were transferred into metabolism cages for individual feeding and faecal collections. They were allowed to acclimatize for a period of three days. Each group were fed their respective experimental diets. Known quantities of the diets were served to birds and the left overs feeds were quantified. Faecal samples were collected for seven days by placing clean trays under the cages. Faecal samples were separated from feeds and other foreign materials, weighed, bulked together and stored in a freezer. At the end of the feeding period the samples were thawed oven dried at 600C to constant weight. The faecal samples for each diet was bulked and finely ground and analyzed for chemical composition according to the method outlined by (A.O.A.C., 2006).
The percentage nutrient was calculated using the equation below; Nutrient digestibility = 
[(Nutrient intake –Nutrient in excreta)/ Nutrient intake] ×100  		
Where: Nutrient intake (g) = Feed intake X Nutrient level in diet
Nutrient output (g) = Faecal output X nutrient level in faeces
STATISTICAL ANALYSIS
Data collected during the experiment were statistically analysed using the general linear model procedure of software package (SPSS, 2010). When the differences between treatment means were significant, they were separated by Duncan Multiple Range Test.










CHEMICAL ANALYSIS
	   Table 3. Chemical Composition of Sesame Seed Cake and Whole Sesame Seed

	Constituents
	Sesame seed cake*
	Whole sesame seed**

	ME (kcal/kg)
	3219.65
	-

	Dry matter
	96.40
	91.5

	Crude protein
	32.85
	21.78

	Crude fibre
	17.20
	2.81

	Ether extract 
	12.50
	46.5

	Ash
	5.95
	6.36

	NFE
	27.90
	14.04

	Calcium 
	0.35
	-

	Phosphorus
	0.16
	-


*Determined using the methods described by A.O.A.C. (2006). After**Jimoh et al., (2011) ME= Metabolizable energy was calculated using the method of pauzenga (1985), ME (Kcal/kg)= 37 ×% CP +81.8×% EE +35×% NFE










	    
Table 4. Anti-nutritional Factor of  Sesame  Seed Cake and Whole Sesame Seed

	Parameters
	Sesame seed cake*
	Whole sesame seed
    **                      ***

	Oxalate %
	2.99
	15.66±0.45
	458.5µg/g

	Alkaloid %
	0.99
	-
	-

	Tannin (mg/100g)
	1.37
	5.62±0.32
	-

	Phytic acid( mg/100g)
	12.66
	25.05±4.6
	4.7%

	Cynogenic Glycosides (mg/100g)
	10.80
	-
	-


*Determined using the methods described by A.O.A.C. (2006) After**Jimoh et al., (2011) After***Toma et al., (1979).
















	Table 5. Amino Acid Profile of Sesame Seed Cake and Whole Sesame Seed

	Amino acid
	Sesame Seed Cake* g/100g protein
	Whole sesame seed**

	Lysine
	4.86
	1.36

	Histidine
	2.33
	1.25

	Arginine
	9.75
	5.20

	Aspartic acid
	17.24
	5.55

	Threonine
	3.53
	1.95

	Serine
	2.82
	3.11

	Glutamic acid
	18.24
	9.00

	Proline
	3.46
	3.60

	Glycine
	3.02
	5.05

	Alanine
	5.85
	2.70

	Cysteine
	1.19
	1.02

	Valine
	1.62
	2.85

	Methionine
	3.23
	1.60

	Isoleucine
	5.01
	2.28

	Leucine
	4.58
	3.60

	Tyrosine
	2.46
	2.20

	Phenylalanine
	3.96
	2.48


*Determined using a Technicon Sequential Multisampling amino acid Analyser After**Diarra et al., (2008b).






	Table 6. Proximate Composition of the Experimental Broiler Starter Diets 

	Nutrient
	T1 (0%)
	T2 (10%)
	T3 (15%)
	T4 (20%)
	T5 (25%)

	Dry matter
	93.44
	93.80
	93.95
	93.75
	93.31

	Crude protein 
	21.86
	22.75
	21.86
	22.75
	21.86

	Ether extract
	6.59
	5.30
	5.58
	4.85
	5.30

	Crude fibre 
	2.82
	6.58
	6.71
	7.84
	6.43

	Ash 
	9.03
	9.68
	10.85
	10.20
	9.97

	NFE
	53.14
	49.49
	48.95
	48.11
	49.75

	ME(Kcal/kg)
	3207.78
	3007.44
	2978.51
	2922.33
	2983.61


NFE= Nitrogen Free Extract ME= Metabolizable energy were calculated using the method of pauzenga (1985), ME (Kcal/kg) = 37 ×% CP +81.8×% EE +35×% NFE

















	Table 7. Proximate Composition of the Experimental Broiler Finisher Diets

	Nutrient 
	T1 (0%)
	T2 (10%)
	T3 (15%)
	T4 (20%)
	T5 (25%)

	Dry matter
	92.26
	92.51
	92.06
	92.27
	91.68

	Crude protein
	18.38
	18.81
	19.69
	19.69
	19.69

	Ether extract
	6.69
	8.66
	8.51
	6.13
	6.89

	Crude fibre
	3.43
	3.21
	2.98
	2.94
	2.63

	Ash
	6.71
	8.97
	7.36
	7.73
	9.60

	NFE
	57.05
	52.86
	53.52
	56.13
	52.87

	ME (Kcal/kg)
	3224.05
	3254.46
	3297.85
	3194.51
	3142.58


NFE= Nitrogen Free Extract ME= Metabolizable energy were calculated using the method of pauzenga (1985), ME (Kcal/kg)= 37 ×% CP +81.8×% EE +35×% NFE

















PERFORMANCE OF STARTER BROILERS CHICKEN FED GRADED LEVELS OF SESAME SEED CAKE DIETS
The growth performance, feed utilization for the broiler chicks in the starter phase are presented in Table 3 Birds receiving feed with no sesame cake ate more than those receiving sesame cake diets, and among those receiving sesame cake intake appears to decrease with increase in sesame cake content. Birds receiving feed containing no sesame cake put on more weight than those fed sesame cake, and among those receiving sesame cake, weight gain fell as sesame cake content of the diet increased. The feed conversion was also better in the absence of sesame cake in the feed. Dietary protein was also better utilized in the absence of sesame cake.     
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	Table 8. Performance of Starter Broiler Chickens Fed Graded Levels of Sesame Seed Cake
	

	PARAMETERS  
	T1 (0%)
	T2 (10%)
	T3 (15%)
	T4 (20%)
	T5 (25%)
	SEM
	p-value

	Final weight (g/bird)
	695.90a
	513.99bc
	559.82b
	527.82bc
	504.90c
	31.55
	0.00

	Total feed intake (g/bird)
	943.74a
	746.41c
	826.16b
	818.91b
	808.08b
	31.53
	0.00

	Total weight gain (g/bird)
	610.50a
	429.12bc
	474.00b
	442.00bc
	419.46c
	28.56
	0.00

	Feed conversion ratio
	1.54a
	1.74b
	1.75b
	1.85b
	1.93b
	0.07
	0.00

	Protein efficiency ratio
	2.81a
	2.49b
	2.48b
	2.35b
	2.26b
	0.07
	0.00

	Feed cost/ (₦/kg)
	101.83
	90.89
	91.76
	86.03
	88.20
	0.00
	-

	Feed cost/kg weight gain (₦)
	158.26
	162.11
	159.56
	160.20
	171.04
	5.78
	0.55

	Mortality rate (%)
	0.00
	2.00
	2.00
	0.00
	4.00
	1.67
	0.43


SEM: Standard error of mean a, b, c: means in the same row with different superscripts are significantly (P<0.05) different






NUTRIENT DIGESTIBILITY BY STARTER BROILER CHICKENS FED DIETS CONTAINING GRADED LEVELS OF SESAME SEED CAKE
Table 9 presents the result of measurements of nutrient digestibility as affected by levels of sesame cake in the diet. There were no significant (P>0.05) differences between treatments for any of the parameters measured.
	
Table 9. Nutrient Digestibility by Starter Broiler Chickens Fed Diets Containing Graded Levels of Sesame Seed Cake.

	
Parameters (%)                                   
	T1
(0%)
	T2 
(10%)
	T3 
(15%)
	T4
(20%)
	T5
(25%)
	
SEM
	P- Value


	Dry matter 
	93.44
	93.80
	93.95
	93.75
	93.31
	1.48
	-

	Crude Protein 
	65.00
	64.84
	62.46
	63.25
	60.23
	3.60
	0.95

	Crude Fibre 
	29.91
	25.00
	26.32
	33.13
	28.86
	6.53
	0.96

	Ether Extract 
	75.09
	81.00
	80.37
	80.85
	78.02
	1.33
	0.71

	NFE
	53.14
	49.49
	`48.95
	48.11
	49.75
	0.91
	-


SEM: Standard error of mean, NFE: Nitrogen free extract
 PERFORMANCE OF FINISHER BROILER CHICKENS FED GRADED LEVELS OF SESAME SEED CAKE
The growth performance and feed utilization for broiler chickens in the finisher phase are presented in Table 10
Treatment made no difference to feed intake and efficiency of protein utilization, while weight gain and feed conversion was better for birds fed diets without sesame cake. Feed cost/kg weight gain was better in birds fed sesame seed cake.       







	Table 10. Performance of Finisher Broiler Chickens Fed Graded Levels of Sesame Seed Cake.

	PARAMETERS
	T1 (0%)
	T2 (10%)
	T3 (15%)
	T4 (20%)
	T5 (25%)
	SEM
	P-Value

	Final weight (g/bird)
	2196.60a
	1911.80b
	2030.60b
	2016.60b
	2060.40ab
	55.96
	0.02

	Total feed intake (g/bird)
	3269.00
	3040.80
	3084.00
	3044.00
	2951.20
	56.41
	0.37

	Total weight gain (g/bird)
	1226.00a
	940.00b
	1060.20ab
	1066.00ab
	1090.00ab
	99.47
	0.02

	Feed conversion ratio
	2.67b
	3.25a
	2.91ab
	2.86ab
	2.71b
	1.35
	0.04

	Protein efficiency ratio
	1.88
	1.55
	1.64
	1.75
	1.78
	0.07
	0.07

	Feed cost/kg (₦/kg)
	120.34
	101.94
	102.53
	100.99
	98.22
	3.23
	-

	Feed cost/kg weight gain (₦)
	321.70a
	332.45a
	287.14ab
	295.87ab
	266.25b
	16.23
	0.05

	Mortality rate (%)
	0.00
	2.00
	2.00
	8.00
	4.00
	2.76
	0.34

	SEM: Standard error of mean a, b, c :means in the same row with different superscripts are significantly (P<0.05)different



Nutrient Digestibility by Finisher Broiler Chickens Fed Diets Containing Graded Levels of Sesame Seed Cake.
Table 11 presents the result of measurements of nutrient digestibility as affected by levels of sesame cake in the diet. There were no significant (P>0.05) differences between treatments for any of the parameters measured.





























	Table 11. Nutrient Digestibility by Finisher Broilers Fed Diets Containing Graded Levels of Sesame Cake.

	
Parameters (%)                                   
	T1 (0%)
	T2
(10%)
	T3 
(15%)
	T4
(20%)
	T5
(25%)
	
SEM
	P –Value


	Dry Matter 
	92.26
	92.51
	92.06
	92.27
	91.68
	1.57
	-

	Crude Protein 
	54.60
	57.95
	63.18
	57.66
	60.84
	2.34
	0.39

	Crude Fibre 
	35.91
	28.07
	17.92
	26.77
	20.33
	5.47
	0.26

	Ether Extract 
	62.18
	72.46
	73.98
	70.58
	73.64
	2.77
	0.25

	NFE
	57.05
	52.86
	53.52
	56.13
	52.87
	0.94
	-

	SEM: Standard error of mean, NFE: Nitrogen free extract






DISCUSSION
The ether extract found sesame cake in this study (12.50%) is high when compared with the finding of Robert (2001), who reported 3.00% in solvent extracted sesame cake, while I.S.I. (1980); N.R.C. (1994); Mamputu & Buhr (1995); reported 9.30, 6.99 and 9.25% for expeller cake. By way of comparison, Aduku (2012) reported 9.16 and 9.9% in groundnut cake and soybean cake. The high ether extract may be responsible for the high value of ME (kcal/kg). This finding disagreed with the reports of some studies (I.S.I. 1980; Pathak & Kamra 1989; N.R.C. 1994; Mamputu & Buhr 1995; Hasan & Khandaker 2000; Mehta 2000; Aziz et al., 2001; Robert 2001). These workers reported lower values in the ranges of 1650 to 2660 Kcal/kg for sesame oil cake as compared to 3219.65 Kcal/kg found in this study.
The crude protein content of (32.85%) observed in this study is comparable with 35 to 39.10% reported by Kuo (1967) but substantially lower than the finding of Peace corps (1990), Al- Harthi & El-Deek; (2009) & Deyab et al., (2009)  who  reported a range of 46 to 52.9% crude protein in sesame seed cake. In comparison, Aduku (2012) reported 45.0 and 44.0% in ground nut cake and soybean cake.  The difference could be attributed to differences in oil extraction technology. Wide varietal differences in the proximate composition of sesame seed have also been reported (Oplinger et al., 1997). The crude fibre content for sesame cake found in this study (17.20%) ishigh when compared with the findings of I.S.I. (1980); Chand et al., (1991); N.R.C. (1994); Mamputu & Buhr (1995); Hasan and Khandaker (2000); Mehta (2000); Aziz et al., (2001); Robert (2001) who reported 4.20, 2.40, 2.50, 4.90, 7.53, 9.97, 7.00 and 7.20% respectively. By way of comparison, Aduku (2012) reported 3.81 and 6.5% in groundnut cake and soybean cake. The high crude fibre could be attributed to poor level of cleaning, since sesame seed is usually associated with much sand and other particles and if not thoroughly cleaned the level of other nutrients (on dry matter basis) will be reduced and that of fibre increased.(Diarra et al., 2007). 
The Ash content observed in this study (5.95%) is low compared to the values reported by Pathak & Kamra (1989); Mamputu & Buhr (1995); Hasan & Khandaker (2000) who reported values in the range of 11.60-12.60%.Values for ground nut cake and soybean cake reported by Aduku (2012) are 5.51 and 6.0% respectively. The NFE content observed in this study (27.90%) is comparable with the mean values 34.30% reported by I.S.I (1980), Hasan & Khandaker (2000) and Aziz et al., (2001).  The calcium content observed in this study (0.35%) is low compared to the values reported by (I.S.I.1980; N.R.C. 1994; and Mamputu & Buhr, 1995) who reported values in the ranges of 2.35-2.46% in sesame cake obtain by the expeller method and 2.20% reported by Robert (2001) for solvent extracted sesame cake. On the other hand, Aduku (2012) reported 0.2 and 0.2% in groundnut cake and soybean cake.
The phosphorus content in this study (0.16%) is low compared to the values reported by (I.S.I. 1980; N.R.C. 1994; Mamputu & Buhr, 1995) who reported values in the ranges of 1.42-1.53 for sesame cake expeller. On the other hand, Aduku (2012) reported 0.8 and 0.6% in ground nut cake and soybean cake. Calcium and phosphorus are generally needed in animals diet larger quantities than for other minerals because they for skeletal formation, lactation and egg production (egg shells), phosphorus is usually more deficient in diet of herbivores since more forage are relatively lower in phosphorus than in calcium. On the other hand, animals on high cereals diet are more likely to be deficient in calcium because grains and similar feed stuff are usually relative good source of phosphorus but quite low in calcium.
The value recorded for oxalate was 2.99% and compared to the range of 1 to 2% reported by (Pirie, 1975), who noted that oxalates reduce the biological availability of calcium from seeds. Alkaloid was low 0.99% and compared with 0.89 in ground nut cake reported by Zdunczyk et al., (2010) according to the authors alkaloid has little or no effects on digestive processes. Tannin was low 1.37mg/g (0.00137%) and compared to the value of 0.0057% reported by Fatima et al., (2013). On the other hand 1.14% have been reported in ground nut cake by (Mandal & Ghosh, 2010b). Tannins interfere with the digestive process either by binding enzymes or by binding to feed components like proteins or minerals making them unavailable for digestion and absorption (Elkin & Roger 1990; Hagerman et al., 1992). Tannins also have the ability to form complexes with vitamin B12 (Liener, 1980; Francis et al., 2001), and is known to interact with other anti-nutrients. Fish & Thompson (1991) reported the inhibitory action of tannins on amylase by interaction between tannins and lectin. On the other hand, interaction between tannins and cynogenic glucosides reduced the deleterious effect of the latter (Goldstein & Spencer, 1985).
The level of phytate 12.66mg/g (0.01266%) found is low when compared to the values reported by (Toma et al., 1979; Fatima et al., 2013) who reported ranges of 4.7-27.60%.On the other hand, (27.03±0.35mg/g) in groundnut cake have been reported by (Mandal & Ghosh, 2010a). Phytates can reduce the bio-availability of minerals, impair protein digestibility caused by formation of phytic-protein complexes and depressed absorption of nutrients due to damage to the pyloric caeca region of the intestine (Francis et al., 2001). The level of cynogenic glycosides 10.80mg/g (0.0108%) found is high and disagrees with Fatima et al., (2013), who reported a low value of 0.0037%.
The lysine content was found to be high (4.86%) in the present study which contradicts the findings of I.S.I. (1980); N.R.C. (1994); Mamputu & Buhr (1995); Robert (2001) who reported values in the range of 0.56-2.20 for expeller and solvent extracted sesame cake. By comparison, Aduku (2012) reported 1.73 and 2.7% in groundnut cake and soybean cake. The value obtained for Arginine (9.75%) is comparable to thatof 8.25% reported by N.R.C. (1994) and low in comparison to the 4.21% and 3.73% reported by I.S.I. (1980) and Mamputu & Buhr (1995) respectively for sesame expeller cake, while Robert (2001) recorded 5.34% for solvent extracted cake. By way of comparison, Aduku (2012) reported 5.0% and 3.2% in groundnut cake and soybean cake.
The Methionine content of sesame cake (3.23%) was found to be similar to the value reported by N.R.C. (1994) 3.00 and contradicts that of I.S.I (1980); Mamputu & Buhr (1995) who reported 1.23 and 1.41% for sesame expeller and Robert (2001) who observed 1.27%for solvent extracted cake. On the other hand, Aduku (2012) reported 0.44 and 0.89% in groundnut cake and soybean cake. The value of Cysteine (1.19%) observed in this study are similar to the findings of N.R.C. (1994); Robert (2001) who reported values of 1.76 and 1.01% for expeller and solvent extracted sesame cake. But is higher than those of I.S.I. (1980); Mamputu & Buhr (1995) who reported 0.53 and 0.22 for expeller sesame cake. By way of comparison, Aduku (2012) reported 0.72 and 0.62 in groundnut cake and soybean cake. 
Table 6 and 7 shows the proximate composition of starter and finisher phase. In both the starter and finisher mashes, the crude protein and the energy of all the diets met the requirements of broiler chicken (Aduku, 1992; N.R.C., 1994; Olomu, 1995; Smith, 2001). The ether extract in the starter mash met the requirements of broiler chicken of 5-6% recommended by (Olomu, 1995). While in the finisher mash it was above the requirements for broiler chicken but below the range of 11.40-12.77% reported by (Diarra et al., 2007). The crude fibre in all the diets was higher than the maximum 5.0% recommended by Smith (2001) for broilers except the control diets. In the finisher mash the crude fibre is similar to the value of 3.50% reported by (Agricare, 2000).   
The growth performance of starter and finisher broiler chickens are presented in Table 8 and 10.
The total feed intake of birds fed sesame cake decreased (P<0.05) as the inclusion levels of sesame cake increased in the diet. This observation is not surprising since the metabolizable energy concentrations of the diets were similar and birds are known to eat to satisfy their energy requirements. Al-Harthi & El-deek (2009) had earlier reported that birds consumed less diet as the inclusion levels of sesame seed cake increased in broiler diet. There was no significant difference at the finisher phase. Total weight gain data showed that birds fed the T1 (control diet) were significantly (P<0.05) different compared to those fed sesame cake diets. The poor growth rate and feed conversion ratio observed in birds fed T5 (25%) sesame cake diet could be attributed to the poor utilization of nutrient as a result of levels of substance like oxalates found in sesame cake. Leeson and Summers (2001) observed that dietary levels of oxalates affects calcium and magnesium metabolism. This finding agreed with the report of Mamputu & Buhr (1995); Majumber & Samanta (2001) who reported that birds fed soybean meal gave better performance than those fed sesame meal. On the other hand, birds fed the finisher diet had improved weight gain 15%, 20% and 25% sesame cakes inclusion rate and this agrees with N.R.C. (1994) which states that weight gain in broilers was directly related to feed intake. This might be due to more balanced nutrient combination in sesame cake since adequate amount of the critical amino acids is necessary for protein synthesis which results in increased weight gain. This corroborates the reports of Kuldeep & Thahur (2000); Al-harthi & El-Deek (2009) & Deyab et al., (2009) that sesame cake contain high crude protein and a better balanced amino acids than other common legume seeds, which may enhance growth, feed intake and feed conversion ratio.
Feed utilization was better in birds that were not fed sesame cake during the starter phase. Whereas during the finisher phase, birds receiving diets containing 20% and 25% sesame cake had better feed conversion ratio. This finding agrees with the reports of (Olaiya et al., 2013). Protein efficiency ratio was better at the starter phase for the T1 (control diet). By way of comparison, birds fed sesame seed cake diets at the finisher phase had better performance. This observation agrees with the reports of Yaser et al., (2013) that birds fed 25% sesame cake had better protein efficiency ratio.
Estimates of feed cost per kilogramme weight gain showed that T5 (25%) had not significantly high cost of production (₦171.04) compared to other treatment. The higher feed cost per kilogramme weight gain observed in T5 (25%) was due to fuel scarcity that occurred in Kano and other part of the country as at the time of this study that led to sharp increase in the market value for sesame seed cake. This is contrary to the reports of Baghel & Nethe (1987); Ramasubba & Eswaraiah, (1991). By way of comparison, at the finisher phase Feed cost per kilogramme weight gain showed that birds fed 25% sesame cake diet had significantly low (P<0.05) cost of production (₦266.25) compared to other treatment, this is in agreement with the reports of (Baghel & Nethe, 1987; Ramasubba & Eswaraiah 1991) Who reported that sesame cake is a better alternative to the conventional sources of protein in broiler production.
The crude protein was not statistically different for sesame cake based diets. This might have contributed to the poor performance observed in birds fed 25% sesame cake. This is contrary with the reports of Robert et al., (2001) who reported digestibility coefficient of 88 and 94% for lysine and methionine present in sesame meal when fed to poultry. However, birds fed the finisher diet had high crude fibre digestibility values in the control diet than those obtained from birds fed other diets. This is in agreement with the reports of Atteh & Ologbenla (1993) who reported that nutrient digestibility of crude fibre enhances body weight.
The birds fed the diet containing 25% sesame cake had higher dressing percent compared to those on other diets. This could be due to more balance amino acid in sesame cake, this conforms to the reports of Hasan & Khandaker (2000); Aziz at al., (2001) that sesame seed cake can be well utilized to produce broiler chickens of superior carcass quality compared to soybean meal. The weight of the neck, wing, head, drumstick and back were significantly different. The values of backs were higher in broilers fed diets containing sesame cake meal. This is however in line with the reports of Wesley et al., (1980) who reported that cut-up pieces of meat yield significantly affected by the diet. The weights of liver and empty gizzard were significantly (P<0.05) different compared to birds fed other diets. This finding is contrary with the report of (Jiya et al., 2014).
Sesame seed cake, fed up to 25%, of diet, supported acceptable growth rate only in the finisher stage of broiler chicken production. The nutrients in feed containing sesame seed cake were well digested by broiler chicken. Meat yield was unaffected by feeding of sesame seed cake, meat distribution in the carcass and visceral organ weights were affected, but in a haphazard manner. Lack of marked differences in haematology and serum biochemistry estimates between treatments indicate that sesame seed cake diet waswell tolerated by broiler chickens. Sesame seed cake, at the rate fed in this study, resulted in lower production cost only during the finisher phase of broiler chicken production.
Therefore, based on the findings of these studies, it is recommended that, Sesame seed cake should not be used in broiler starter diets due to slight effects on growth performance and profitability. Sesame seed cake can be used up to 25% in broiler finisher diets without adverse effects on performance, profitability and nutritional defects on the bird’s performance. Sesame seed cake can be used up to 25% in broiler finisher diets without any adverse effects on growth performance, carcass characteristics, haematology and nutrient digestibility. 
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