


EFFECTS OF PISTIA STRATIOTES AND 4BAC-EXTRA PROBIOTICS ON THE GROWTH PERFORMANCE AND ECONOMICS OF BROILER CHICKENS PRODUCTION
Abstract
[bookmark: _GoBack] The ban on the use of antibiotics in the diets of livestock produced for human consumption has created awareness of the consumers and thus triggered need for natural and safe feed additives to achieve better production results from livestock; thus, promoting herbal sources (phytogenic extracts) as replacement for antibiotics. The experiment was conducted to evaluate the effect of Water lettuce (Pistia stratiotes) on growth performance and economics of production of broiler at starter and finisher phase. Two hundred and seventy (270) day-old Arbor Acre broiler chicks were utilized in nine treatments diets namely T1, T2, T3, T4, T5, T6, T7, T8 and T9 representing, T1 0% water lettuce + 0% probiotic, T2 and T3 0% water lettuce + 0.25% probiotic and 0% water lettuce + 0.50% probiotic respectively, T4 5% water lettuce + 0% probiotic. T5 and T6 5% water lettuce + 0.25% probiotic and 5% water lettuce + 0.50% probiotic respectively. T7 10% water lettuce + 0% probiotic, T8 and T9 10% water lettuce + 0.25% probiotic and 10% water lettuce + 0.50% probiotic respectively. The chicks were grouped into nine treatments of thirty chicks each in a factorial experimental design. Each group was further subdivided into three replicates of ten chicks per replicate in a factorial experiment using a Statistical Graphic Computer Package (SPSS, 2007) Model. Broiler chicken’s diets were compounded to be iso-caloric and iso-nitrogenous (3000kcal/ME and 23%CP).  The results reveal a significant (P<0.05) difference on the effects of lettuce at 0%, 5% and 10% in starter phase. Initial weight and final weight gain were not significantly (P>0.05) affected with effects of probiotics and the interaction with lettuce. Final weight at starter phase of the probiotics at 0%, 5% and 10% supplementation levels were 1149.10g, 1275.90g and 1123.37g respectively. For the interaction between the different levels of water lettuce and probiotics, the mean values obtained ranges from 1009.65g to 1357.80g. Feed intake values at Finisher phase were significantly (P<0.05) affected by lettuce and probiotics inclusion as well as their interaction. Other parameters like FCR, survival percentage, unit cost and Performance Index were not significantly (P>0.05) affected. The interaction between lettuce and probiotics showed significant (P<0.05) difference in weight gain, feed intake, FCR and performance index. The result for economics of production indicated an increase in profit with increase in supplementation levels of water lettuce. The result obtained for probiotic profits were N 425.36, N 423.72 and N 387.85 for 0%, 5% and 10% probiotic supplementation levels respectively. Profit decreased as the probiotics level increased. It was concluded that supplementing broiler chicken diet at 10% and 5% water lettuce and probiotics inclusion respectively is hereby recommended for better economics of production with no adverse effects on their performance.
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Introduction 

Poultry meat production in Nigeria, despite its advantages over other livestock (Abdulmojeed et al, 2010) is faced with the problems of appropriate feed supply as its major production constraint because feed alone constitute over 70% of the total cost of production (Kellems and Church 2002). Feed supply has consistently been reported as the major determinant of cost and productivity of the poultry industry in Nigeria and many developing countries (Ari et al., 2004; Kwari et al., 2012; Igboeli, 2000; Esonu et al., 2006). This is due to the demand for the same feed resource by both human food and animal feed industries. The poultry farmers have therefore adopted as part of their cost saving measures the inclusion of additives that will stimulate intake, increased utilization of feed resources, health and wellbeing of the animals. These additives include but not limited to in feed antibiotics, growth hormones, pre and probiotics.
The use of synthetic additives such as antibiotics as in - feed additives in the poultry feed production is also adding to cost and has been implicated negatively, in distorting  gastro intestinal tract microbial dynamics (Ari et al., 2015) as it is known to reduce and or eliminate the effects of some beneficial microbes. Synthetic antibiotics have also been reported to have residual effect on human. This leads to development of resistance for certain antibiotics as a result of a prolonged use of such antibiotics. Emerging regulatory standards (Neu, 1992) on the use of in feed enhancers like antibiotic and growth hormones, which are often linked to having residual effects on consumers of poultry products, has reduced the opportunities for export by poultry products producers to European countries and United States since these countries have placed a markets ban on the use of antibiotics as feed additives
There is therefore the need for researchers to find alternative source that could be antibiotics free and without any form of residual effects after consumption to serve as substitute. Some herbal plants were known to possess these antibiotics properties and could help in the search for health friendly antibiotics (Ocak et al., 2008). Water plants such as Water lettuce (Pistia stratiotes) has been reported to serve as feeds for fish, pigs and some ruminant animals (Parsons and Cuthbertson, 2001). The choice of this water plant and its utilization as feed resource is informed by its nutritional and medicinal attributes which are reported to promote growth as well as good animal health (Wasagu et al. 2013).
The prebiotic role of this water plant is expected to enhance probiotic effect in the gastro intestinal tract (GIT) of birds as they serve as food and energizers of GIT microbes. Ari et al. (2012) reported that prebiotics promotes probiotic enzymes to play important role in the GIT of poultry birds and thereby contribute to their feed utilization efficiency.
Water lettuce (Pistia stratiotes or P. stratiotes) is a perennial monocotyledonous aquatic plant present, either naturally or through human introduction, in nearly all tropical and subtropical fresh waterways. P. stratiotes is a free-floating, stoloniferous plant with sessile leaves in rosettes. Leaves have pale-green color, up to 20 cm long and 10 cm wide. It has unisexual flowers with 2 stamens, 1-locular ovary, with numerous ovules, slender style and penicillate stigma and produces many cylindrical shaped seeds (Acevedo-Rodriguez and Nicolson, 2005). Labrada and Fornasari (2002) reported that water lettuce is one of the most important tropical weeds.
Parsons and Cuthbertson (2001) reference that P.  stratiotes are part of Northern Australia plant’s native range. However, scattered ephemeral populations have been reported in cold climates in the Netherlands, the Erie Canal in New York and Lake Erie in Northern Ohio (Dray and Center, 2002).
Water lettuce is being used by local herbal practitioners for the treatment of liver cirrhosis in the Northern part of Nigeria (Wasagu et al. 2013). The plant was reported to have antifungal properties and antidermatophytic activity (Premkumar and Shyamsundar, 2005). The oil extract is used in the treatment of worm infestations, tuberculosis, asthma and dysentery and is applied externally to treat skin diseases, inflammation, piles, ulcers, syphilitic infections and burns (Kirtikar and Basu, 2002). Direct use of water lettuce leaves in chicken rations cannot be in large quantities, a maximum of only 15% because it contains high fiber, namely 21.86%. (Sitompul et al., 2020). Water lettuce leaves have potential as poultry feed due to their high nutritional content. (Jeksi et al., 2022). The nutritional composition of water lettuce leaves includes 88.66% dry matter, 13.06% crude protein, 2.15% crude fat, 2778.55 kcal/kg metabolizable energy, and 21.86% crude fiber (Sitompul et al., 2020)

 Materials and Methods
 Location to the Study
The experiment was carried out at the Livestock Teaching and Research Farm of the Faculty of Agriculture, Nasarawa State University, Keffi, Lafia-Shabu Campus. It is located in the Guinea Savanna Zone of North Central Nigeria. It is located at Latitude 080 35’’N and Longitude 080 33’E. The mean monthly temperature is 35.060C and means monthly relative humidity of 74%. The rainfall is about 168.90mm (NIMET, 2008).
Culturing, Collection and Preparation of Water Lettuce
The water lettuce was cultured in the fish pond according to the methods described by Pieterse (1978). It was introduced in to the pond by means of vegetative offshoots that were connected to the mother plant by stolons (vegetative reproduction). The plant is invasive in nature and was therefore allowed to grow and occupy the entire water body. 
The pond was stocked with 80 Juveniles (catfish) whose droppings served as fertilizer for the growth of the plant and maintenance of water pH of 7 according to the methods described by Pieterse et al. (1981) that the plant performs best in water with a pH of 7. Pistia was said to show vigorous growth in stagnant water (Sharma, 1981).
The water lettuce was harvested from the research ponds of the Fisheries Department by hand picking at the Nasarawa State University, Shabu, Lafia Campus. The harvested whole plant (leaves, stem and roots of P.stratiotes) was cleaned with distilled water and then placed in a sterilized sample bottle and was taken to the laboratory, where it was oven dried at the temperature of 100oC for 24hours. The oven-dried water lettuce was then ground to powder form before being analysed and subsequently incorporated in the broiler’s diets
Proximate Analysis and Phytochemical Screening
Proximate analyses of the water lettuce and experimental diets were actualized at Animal Science Laboratory, Nasarawa State University Lafia campus to assay the crude protein, crude fibre, ether extract, ash, NFE, moisture content and metabolizable energy using the approach of AOAC (2010). The qualitative phytochemical screening of the water lettuce was carried out at the National Veterinary Research Institute, VOM, Plateau State using the standard methods (Sofowora, 1993; Trease and Evans, 1989; and Harbone, 1973) adopted by Ari et al. (2014) while the quantitative screening of water lettuce was carried out at the International Institute of Tropical Agriculture (IITA) Ibadan and the values reported on dry matter basis
Experimental diets
Two basal diets consisting of broiler starter and broiler finisher diets were formulated using Feedwin Software for the formulation as presented in Table 1 to contain approximately 3000kcal of Metabolizable Energy (ME) and 22% crude protein for starter phase and about 2900kcal Metabolizable Energy (ME) and 21% crude protein for finisher diets.
Water lettuce (Pistia stratiotes) and commercial probiotic (4 BAC-EXTRA performance support produced by Mervue Laboratory, Ireland) were supplemented in the diets as thus: The control diet (T1) contains 0% water lettuce with 0% probiotic, while diets (T2) and (T3) contain 0% water lettuce with 0.25% probiotic and 0% water lettuce with 0.50% probiotic respectively. Diet (T4) contains 5% water lettuce with 0% probiotic while diet (T5) and (T6) contains 5% water lettuce with 0.25% probiotic and 5% water lettuce with 0.50% probiotic respectively. Diet (T7) contains 10% water lettuce with 0% probiotic while diets (T8) and (T9) contain 10% water lettuce with 0.25% probiotic and 10% water lettuce with 0.50% probiotic respectively.

Table 1: Composition of experimental diet of broiler starter containing varied level of water lettuce and probiotics / kg
	Ingredients
	Trt 1
	Trt 2
	Trt 3
	Trt 4
	Trt 5
	Trt 6
	Trt 7
	Trt 8
	Trt 9

	Maize
	32.00
	32.00
	32.00
	32.00
	32.00
	32.00
	32.00
	32.00
	32.00

	Maize bran
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00

	Rice bran
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50

	Sorghum
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00

	Cassava
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50

	Fish meal
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00

	GNC
	22.00
	22.00
	22.00
	22.00
	22.00
	22.00
	22.00
	22.00
	22.00

	Soy bean meal
	10.29
	10.29
	10.29
	10.29
	10.29
	10.29
	10.29
	10.29
	10.29

	Soy bean oil
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50

	Aflatoxin binder
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Methionine
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Lysine
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Limestone
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	Salt
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	*Premix
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Probiotic and Water Lettuce Supplements

	**Probiotic
	-
	0.125
	0.250
	-
	0.125
	0.250
	-
	0.125
	0.250

	Water lettuce
	-
	-
	-
	5.00
	5.00
	5.00
	10.00
	10.00
	10.00


Calculated Nutrient and Energy Composition
	CP
	21.49
	21.52
	21.55
	21.91
	21.94
	21.97
	22.47
	22.50
	22.53

	ME
	2969.56
	2969.56
	2969.56
	3018.28
	3018.28
	3018.28
	3083.24
	3083.24
	3083.24

	Lys
	1.03
	1.03
	1.03
	1.03
	1.03
	1.03
	1.03
	1.03
	1.03

	Meth
	0.45
	0.45
	0.45
	0.45
	0.45
	0.45
	0.45
	0.45
	0.45

	EE
	7.20
	7.20
	7.21
	7.26
	7.26
	7.27
	7.34
	7.35
	7.35

	Cf
	5.18
	5.19
	5.19
	5.25
	5.26
	5.25
	5.35
	5.35
	5.35

	Ca
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94

	P
	0.54
	0.56
	0.56
	0.56
	0.56
	0.56
	0.56
	0.56
	0.56


*Composition of Premix per kg diet: vitamin A, 5484 IU; vitamin D3, 2643 ICU; vitamin E, 11 IU; menadione sodium bisulfie, 4.38 mg; riboflavin, 5.49 mg; d-pantothenic acid, 11 mg; niacin, 44.1 mg; choline chloride, 771 mg; vitamin B12, 13.2 ug; biotin, 55.2 ug; thiamine mononitrate, 2.2 mg; folic acid, 990 ug; pyridoxine hydrochloride, 3.3 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44 mg; Fe, 44.1 mg; Zn, 44.1 mg; Se, 300 ug
**Composition of Probiotics: Tocopherol, Lactobacillus acidophilus 45,000, million ctu live cultures of saccharomyces cerevisiae SC-47 125, 000 million ctu
GNC= Groundnut Cake
NB: Percentage inclusion of probiotics in the diet
T1 = 0%, T2 = 5%, T3 = 10%, T4 = 0%, T5 = 5%, T6 = 10%, T7 = 0%, T8 = 5%, T9 = 10%,
1ppm = 1mg/Kg
T1 = 0kg, T2 = 0.125kg, T3 = 0.25kg, T4 =0kg, T5 = 0.125kg, T6 = 0.25kg, T7 = 0kg, T8 = 0.125kg, T9 = 0.25

Table 2: Composition of experimental diet of broiler finisher containing varied level of water lettuce and probiotics / kg
	Ingredients
	Trt 1
	Trt 2
	Trt 3
	Trt 4
	Trt 5
	Trt 6
	Trt 7
	Trt 8
	Trt 9

	Maize
	35.79
	35.79
	35.79
	35.79
	35.79
	35.79
	35.79
	35.79
	35.79

	Maize bran
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00

	Rice bran
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50
	3.50

	Sorghum
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00

	Cassava
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50
	2.50

	Fish meal
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00

	GNC
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00

	Soy bean meal
	8.00
	8.00
	8.00
	8.00
	8.00
	8.00
	8.00
	8.00
	8.00

	Soy bean oil
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Aflatoxin binder
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Methionine
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Lysine
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Limestone
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	Salt
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	*Premix
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Probiotic and Water Lettuce Supplements

	**Probiotic
	-
	0.25
	0.50
	-
	0.25
	0.50
	-
	0.25
	0.50

	Water lettuce
	-
	-
	-
	5.00
	5.00
	5.00
	10.00
	10.00
	10.00


Calculated Nutrient and Energy Composition
	CP
	20.46
	20.07
	20.10
	20.46
	20.49
	20.52
	21.03
	21.06
	21.08

	ME
	3089.85
	3041.13
	3041.13
	3089.85
	3089.85
	3089.85
	3154.81
	3154.81
	3154.81

	Lys
	0.95
	0.95
	0.95
	0.95
	0.95
	0.95
	0.95
	0.95
	0.95

	Meth
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44

	EE
	7.63
	7.64
	7.65
	7.69
	7.70
	7.71
	7.78
	7.78
	7.79

	Cf
	4.92
	4.93
	4.93
	4.99
	5.00
	5.00
	5.09
	5.09
	5.09

	Ca
	0.93
	0.93
	0.93
	0.93
	0.93
	0.93
	0.93
	0.93
	0.93

	P
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54


*Composition of Premix per kg diet: vitamin A, 5484 IU; vitamin D3, 2643 ICU; vitamin E, 11 IU; menadione sodium bisulfie, 4.38 mg; riboflavin, 5.49 mg; d-pantothenic acid, 11 mg; niacin, 44.1 mg; choline chloride, 771 mg; vitamin B12, 13.2 ug; biotin, 55.2 ug; thiamine mononitrate, 2.2 mg; folic acid, 990 ug; pyridoxine hydrochloride, 3.3 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44 mg; Fe, 44.1 mg; Zn, 44.1 mg; Se, 300 ug
**Composition of Probiotics: Tocopherol, Lactobacillus acidophilus 45,000, million ctu live cultures of saccharomyces cerevisiae SC-47 125, 000 million ctu
GNC= Groundnut Cake
NB: Percentage inclusion of probiotics in the diet
T1 = 0%, T2 = 5%, T3 = 10%, T4 = 0%, T5 = 5%, T6 = 10%, T7 = 0%, T8 = 5%, T9 = 10%,
1ppm = 1mg/Kg
T1 = 0kg, T2 = 0.125kg, T3 = 0.25kg, T4 =0kg, T5 = 0.125kg, T6 = 0.25kg, T7 = 0kg, T8 = 0.125kg, T9 = 0.25kg

Experimental Design and Management of the Birds
A total of two hundred and seventy, day-old Arbor Acre broiler chicks were meted out to the nine treatment sets such that each treatment had 30 birds. Each treatment was imitated 3 times with each imitation having 10 birds. The scheme was done to fit into a 3x3 factorial design. The trial lasted for 56 days with each phase having 4 weeks for starter and finisher. All trial birds were proffered, weighed quantity of feed, and water was provided ad –libitum. Accustomed management practices for tendering of chicks were promulgated as defined by Oluyemi and Robert (2000).
About 10-12 days in advance to the arrival of chicks befitting decontaminator (Neodine) was
Used to divest microbes that could make birds vulnerable to diseases. Similarly, the hutches were
thawed out using 200 watt heat generating bulbs for about twenty four hours (24 hours) foregoing the chick’s arrival to preserve a temperature of 85 to 900F. Wood shavings were laid on the concrete floor up to the profundity of 2cm to provide insulation and serve absorbent of moistness from excreta, after the brooding room had been scorched.

Data collection
Growth Parameters

The growth response parameters taken for both starter and finisher were body weightiness, measured on a weekly basis; feed intake was catalogued on a daily basis by finding the discrepancy between the quantity offered and the scraps collected the following day (this was later expressed on a weekly basis). Body weight gain was evaluated weekly while feed conversion ratio was computed by dividing feed intake by weight gain. Protein efficiency ratio (PER) was determined as the gain in body weight to the corresponding amount of protein gobble by the birds

Economics of Production
The pervasive retail worth of feedstuffs was employed to compute the price of feed per kilogram of broiler diets. Feed intake per bird for the 8–week survey period was used to generate the cost of feed consumed by a bird. The cost per kilogram weight gain was computed using the technique of Ukachukwu and Anugwa (1995) by ascertaining the product of cost per kilogram feed and feed conversion proportion of birds. The cost of production was projected as the product of cost per kilogram weight gain and mean total weight gain, while gains were calculated as price of meat multiplied by mean total weight gain. The gross margin was assessed as the variance between income and cost of production. Cost of feed per kilogram (₦/kg) was computed as the cost of the feed ingredient multiplied by the conventional retail price whereas cost of feed per unit weight gain was computed as the cost of feed divided by a unit weight gain. Profit was calculated by deducting the whole cost of production from the total proceeds established.

Statistical Analysis
All data amassed were subjected to a One Way Analysis of Variance (ANOVA) for factorial experiment using a Statistical Graphic Computer Package (SPSS, 2007) Model. Significantly different means were separated using Duncan’s Multiple Range Test (Duncan, 1995) option in SPSS.







Results and Discussion
Proximate and Phytochemical Composition of Water Lettuce
Table 3. Proximate Composition of water lettuce
	Parameters
	Water Lettuce Plant (%) 

	Moisture content
	15.21

	Ash
	39.90

	Crude protein
	14.11

	Ether extract
	2.05

	Crude fiber
	2.37

	NFE
	26.36

	ME (Kcal/kg)*
	1623.9


*The Metabolisable Energy (ME) was calculated using the Pauzenga (1985) formular: ME (Kcal/Kg) = (37x%CP+81x%EE+35.5x%NFE ) 
NFE= Nitrogen Free Extract
ME= Metabolisable Energy


Table 4 Phytochemical profile of whole water lettuce (P. stratiotes)
	PARAMETERS
	QUALITATIVE
	QUANTITATIVE (%)

	Tannins
	-ve
	-

	Anthraquinone
	-ve
	-

	Alkaloids
	-ve
	-

	Terpenes
	-ve
	-

	Saponins
	+ve
	0.382

	Steriodes
	+ve
	0.008

	Glycoside
	+ve
	0.118

	Flavonoids
	+ve
	0.004


-ve means negative, +ve means positive

Table 5: Proximate Composition of Starter Diets (%) 
	Constituents (%)
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9

	
	0%L, 0%P
	0%L, 0.25%P
	0%L, 0.50%P
	5%L, 0%P
	5%L, 0.25%P
	5%L, 0.50%P
	10%L, 0.25%P
	10%L, 0.25%P
	10%L, 0.50%P

	DM
	97.23
	98.15
	94.2
	95.94
	97.25
	93.75
	93.25
	94.7
	95.5

	CP
	22.46
	23.63
	23.75
	24.81 
	22.44
	22.82
	23.65
	22.87
	23.25

	CF
	3.46
	3.52
	3.55
	3.60
	3.65
	3.50
	3.45
	3.65
	3.70

	EE
	11.25
	9.05
	9.56
	12.30
	12.25
	12.35
	12.40
	12.15
	12.40

	T Ash
	11.50
	10.75
	10.55
	9.45
	9.25
	9.35
	11.25
	10.35
	10.25

	NFE
	41.58
	44.18
	40.79
	37.78
	43.66
	38.73
	35.50
	38.68
	38.90

	ME (kcal/kg)
	3218.36
	3175.75
	3101.16
	3255.46
	3372.46
	3219.61
	3139.70
	3203.48
	3245.60


L=WATER LETTUCE, P=PROBIOTICS
* ME=Metabolizable Energy calculated according to the formula of Pauzenga (198). ME (Kcal/Kg) = 37x % CP +81* %EE +35.5x%NFE





Table 6: Proximate Composition of Finisher Diets (%)
	Constituents (%)
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9

	
	0%L, 0%P
	0%L, 0.25%P
	0%L, 0.50%P
	5%L, 0%P
	5%L, 0.25%P
	5%L, 0.50%P
	10%L, 0.25%P
	10%L, 0.25%P
	10%L, 0.50%P

	DM
	97.5
	95.25
	97.25
	98.50
	97.50
	97.25
	95.50
	97.25
	95.45

	CP
	20.25
	20.35
	20.25
	20.25
	20.56
	20.85
	20.75
	21.75
	21.45

	CF
	4.05
	4.15
	4.20
	4.12
	4.65
	4.51
	4.55
	4.68
	4.52

	EE
	12.56
	12.50
	13.05
	13.35
	13.20
	13.15
	13.05
	12.75
	13.10

	T Ash
	11.00
	9.55
	10.05
	9.50
	9.65
	11.50
	9.75
	10.35
	11.25

	NFE
	46.64
	45.00
	43.70
	44.48
	45.44
	44.24
	44.40
	44.72
	43.13

	ME (kcal/kg)
	3422.33
	3351.85
	3357.65
	3402.24
	3443.04
	3407.12
	3401.00
	3425.06
	3385.87


L=WATER LETTUCE, P=PROBIOTICS
* ME=Metabolizable Energy calculated according to the formula of Pauzenga (198). ME (Kcal/Kg) = 37x % CP +81* %EE +35.5x%NFE

Table 7: Performance parameters for the starter phase 
	
	
	
	
	Initial weight(g)
	Feed intake (g)
	Weight gain(g)
	FCR
	Final weight(g)

	Lettuce
	
	0
	32.504ab
	36.073a
	1202.696
	.033
	1235.200

	
	
	5%
	30.653b
	35.334b
	1146.597
	.032
	1177.250

	
	
	10%
	32.159a
	35.391b
	1103.724
	.032
	1135.883

	
	
	SEM
	.513
	.178
	38.392
	.001
	38.266

	Probiotics
	
	0
	31.587
	35.586
	1117.480b
	.033a
	1149.067b

	
	
	5%
	31.914
	35.557
	1243.986a
	.030b
	1275.900a

	
	
	10%
	31.816
	35.657
	1091.551b
	.034a
	1123.367b

	
	
	SEM
	.513
	.178
	38.392
	.001
	38.266

	Lettuce*Probiotics
	0%
	0%
	33.490
	36.010
	1324.310a
	.030a
	1357.800a

	
	
	5%
	31.323
	35.953
	1304.327a
	.030a
	1335.650a

	
	
	10%
	32.700
	36.257
	979.450b
	.040b
	1012.150b

	
	5%
	0%
	29.750
	35.257
	979.900a
	.037a
	1009.650a

	
	
	5%
	32.370
	35.280
	1275.030b
	.030b
	1307.400b

	
	
	10%
	29.840
	35.467
	1184.860b
	.030b
	1214.700b

	
	10%
	0%
	31.520
	35.490
	1048.230a
	.033a
	1079.750a

	
	
	5%
	32.050
	35.437
	1152.600a
	.030a
	1184.650a

	
	
	10%
	32.907
	35.247
	1110.343a
	.033a
	1143.250a

	
	
	SEM
	.888
	.309
	66.498
	.002
	66.278

	Sources of Variation
	
	
	
	
	
	
	

	Lettuce
	
	
	
	**
	**
	NS
	NS
	NS

	Probiotics
	
	
	
	NS
	NS
	**
	**
	**

	Lettuce*Probiotics
	
	
	
	NS
	NS
	***
	***
	***


ab = same superscript in the same column has no significant difference (P>0.05), ***= Significant (P<0.05)at 1%, **= Significant (P<0.05)at 5%. NS = No Significant Difference 
SEM: Standard Error of Means


Table 8: Performance Parameters for the Finisher Phase	
	
	
	
	Initial weight(g)
	Final weight(g)
	Weight gain(g)
	Feed intake(g/day)
	FCR
(g)
	Survival %
	Unit Cost
	Performance Index(%)

	
	Lettuce
	0
	1235.200b
	1544.001b
	68.744
	144.372
	2.108
	70.889
	196.213
	94.401

	
	
	5%
	1177.250a
	1471.564a
	75.789
	147.894
	2.000
	69.778
	197.380
	92.831

	
	
	10%
	1135.883b
	1419.856b
	82.289
	151.44
	1.888
	57.667
	199.380
	78.283

	
	
	SEM
	38.266
	47.832
	4.891
	2.446
	.072
	6.060
	0.000
	9.783

	
	Probiotics
	0
	1149.067b
	1436.334b
	77.300
	148.650
	1.983
	71.778
	190.047
	92.880

	
	
	5%
	1275.900a
	1594.876a
	80.489
	150.244
	1.916
	60.778
	197.880
	92.134

	
	
	10%
	1123.367b
	1404.211b
	69.033
	144.517
	2.097
	65.778
	205.047
	80.501

	
	
	SEM

	38.266
	47.832
	4.891
	2.446
	.072
	6.060
	0.000
	9.783

	Lettuce*Probiotics
	0
	0%
	1357.800a
	1697.250a
	65.600
	142.800a
	2.187a
	79.000
	188.380
	109.583ab

	
	
	5%
	1335.650a
	1669.563a
	74.300
	147.150a
	1.980a
	76.000
	196.880
	113.320a

	
	
	10%
	1012.150b
	1265.190b
	66.333
	143.167a
	2.157a
	57.667
	203.380
	60.300b

	
	5%
	0%
	1009.650b
	1262.063b
	83.200
	151.600a
	1.937a
	81.667
	189.880
	99.047a

	
	
	5%
	1307.400a
	1634.250a
	71.133
	145.567a
	2.053a
	61.000
	197.380
	88.183a

	
	
	10%
	1214.700a
	1518.380a
	73.033
	146.517a
	2.010a
	66.667
	204.880
	91.263a

	
	10%
	0%
	1079.750a
	1349.690a
	83.100
	151.550ab
	1.827ab
	54.667
	191.880
	70.010a

	
	
	5%
	1184.650a
	1480.813a
	96.033
	158.017a
	1.713b
	45.333
	199.380
	74.900a

	
	
	10%
	1143.250a
	1429.063a
	67.733
	143.867b
	2.123a
	73.000
	206.880
	89.940a

	
	
	SEM
	66.278
	82.848
	8.472
	4.236
	.124
	10.497
	0.000
	16.944

	Sources of Variation
	
	
	
	
	
	
	
	
	
	

	Lettuce
	
	
	**
	**
	NS
	NS
	NS
	NS
	NS
	NS

	Probiotics
	
	
	**
	**
	NS
	NS
	NS
	NS
	NS
	NS

	Lettuce*Probiotics
	
	
	**
	**
	NS
	**
	**
	NS
	NS
	**


ab = same superscript in the same column has no significant difference (p>0.05)
***= Significant (P<0.05) at 1%, **= Significant (P<0.05) at 5% 
NS = no significant difference
SEM: Standard Error of Means








Table 9: Economics of Production
	 
	 
	 %
	Final weight
	average Feed intake/wk.
	Unit Cost
(N)
	Average total feed intake (g)
	Average total feed intake (kg)
	Average feed cost
(N)
	Cost of day old
(N)
	Other costs
(N)
	Average production cost (N)
	Average Market price /kg (N)
	Average selling price (N)
	Profit
(N)

	
	Lettuce
	0
	1544.00
	144.37
	196.21
	1154.98
	1.15
	226.62
	200
	100
	526.62
	800
	923.98
	397.36

	
	
	5
	1471.56
	147.89
	197.38
	1183.15
	1.18
	233.53
	200
	100
	533.53
	800
	946.52
	412.99

	
	
	10
	1419.86
	151.44
	199.38
	1211.52
	1.21
	241.55
	200
	100
	541.55
	800
	969.22
	427.66

	
	Probiotics
	0
	1436.33
	148.65
	190.05
	1189.2
	1.19
	226.00
	200
	100
	526
	800
	951.36
	425.36

	
	
	5
	1594.88
	150.24
	197.88
	1201.95
	1.2
	237.84
	200
	100
	537.84
	800
	961.56
	423.72

	
	
	10
	1404.21
	144.52
	205.05
	1156.14
	1.16
	237.06
	200
	100
	537.06
	800
	924.91
	387.85

	Lettuce*Probiotics
	0%
	0
	1697.25
	142.8
	188.38
	1142.4
	1.14
	215.21
	200
	100
	515.21
	800
	913.92
	398.71

	
	
	5
	1669.56
	147.15
	196.88
	1177.2
	1.18
	231.77
	200
	100
	531.77
	800
	941.76
	409.99

	
	
	10
	1265.19
	143.17
	203.38
	1145.34
	1.15
	232.94
	200
	100
	532.94
	800
	916.27
	383.33

	
	5%
	0
	1262.06
	151.6
	189.88
	1212.8
	1.21
	230.29
	200
	100
	530.29
	800
	970.24
	439.95

	
	
	5
	1634.25
	145.57
	197.38
	1164.54
	1.16
	229.86
	200
	100
	529.86
	800
	931.63
	401.77

	
	
	10
	1518.38
	146.52
	204.88
	1172.14
	1.17
	240.15
	200
	100
	540.15
	800
	937.71
	397.56

	
	10%
	0
	1349.69
	151.55
	191.88
	1212.4
	1.21
	232.64
	200
	100
	532.64
	800
	969.92
	437.28

	
	
	5
	1480.81
	158.02
	199.38
	1264.14
	1.26
	252.04
	200
	100
	552.04
	800
	1011.31
	459.27

	
	
	10
	1429.06
	143.87
	206.88
	1150.94
	1.15
	238.11
	200
	100
	538.11
	800
	920.75
	382.64

	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



Discussion
Proximate Composition of Starter and finisher Diets for broiler chickens
Tables 5 and 6 summarize the Proximate Composition of Starter and finisher Diets for broiler chickens. Crude protein (CP) and Metabolizable Energy (ME) values ranging and from 22.44%, 24.81% CP and 3101.16, 3372.46, 20.25 for broiler starter, and 21.75 % CP, 3351.85, 3425.06 Kcal/kg for finisher diets respectively for the 9 experimental treatment groups. The crude protein levels did not follow any particular trend but was highest in treatment 4 with 5% supplementation level of water lettuce. Similar trend is also observed for the metabolizable energy which is higher in T5 compared to other treatments. The results for crude fibre, Ash content, dry matter and NFE also presented in Table 6 showed no particular trend. Nazerath and Geetha (2017) reported that crude protein content for water hyacinth ranges between 25.85 and 35.44% in fish experiment with higher level in 30% inclusion level and lower in 50% level. The percentage crude protein level all fall within the recommended 22-24% CP (Olomu, 1995 and NIS, 1989). The Metabolizable Energy is slightly above the recommended 2800 to 3000Kcal/kg for broiler starter (Olomu, 1995 and NIS, 1989) but is within the range 3200-3500kcal recommended by (Bokkers and Koene, 2003). High energy in feed might lead to reduced feed intake since broilers eat to satisfy their energy need. The crude fibre contents of the broiler starter diets ranged from 3.45 to 3.70%. The values are slightly below the range (3.74-3.92%), reported by Namra (2011) when he replaced sorghum for maize and far below the 10.66-14.69 reported by Ari and Ayanwale (2012). T9 was the highest in terms of crude fibre. Ether extract content in the feeds varied from 9.05-12.40%. T7 and T9 have the highest value (12.40%) while T2 has the lowest value (9.05%). Ether extract is an indication of in-feed fat.
Performance Parameters for broiler starter and finisher chickens
The results reveal a significant (P<0.05) difference on the effects of lettuce at 0%, 5% and 10% in starter phase. Initial weight and final weight gain were not significantly (P>0.05) affected with effects of probiotics and the interaction with lettuce. Final weight at starter phase of the probiotics at 0%, 5% and 10% supplementation levels were 1149.10g, 1275.90g and 1123.37g respectively. For the interaction between the different levels of water lettuce and probiotics, the mean values obtained ranges from 1009.65g to 1357.80g. Feed intake values for Finisher phase were significantly (P<0.05) affected by lettuce and probiotics inclusion as well as their interaction. Other parameters like FCR, survival percentage, unit cost and Performance Index were not significantly (P>0.05) affected. The interaction between lettuce and probiotics showed significant (P<0.05) difference in weight gain, feed intake, FCR and performance index. Miah et al. (2004) reported that saponin (a constituent of water lettuce) had no significant impact on the final weight of a broiler chicken.
For finisher phase, 5% water lettuce supplementation shows significant (P<0.05) difference when compared with 0% and 10% supplementation level under the initial weight and final weight. There were however no significant (P<0.05) difference in weight gain, feed intake, FCR, survival percentage, unit cost and performance index of broiler chickens supplemented with water lettuce. For probiotics, similar trend was also observed as in the case of water lettuce mentioned above. The result disagreed with the report that probiotics leads to improvement in the entire growth cycle of broiler production (Cao et al., 2013; Rahman et al., 2013; Mookiah et al., 2014), but agreed with Fajardo et al. (2012), Hung et al. (2012) and Zhao et al. (2013) who reported that some probiotics did not improve growth in broilers even when the same species of probiotic microbe were used. Cao et al. (2013) found that E. faecium (HJEF005) at 109 cfu/kg of feed improved growth rate in male Cobb broilers challenged with E. coli, while Zhao et al. (2013) using a different strain (LAB 12 – CGMCC 4847), fed at the rate of 2 ×109 cfu/kg of feed to male Ross broilers, found no growth effect. The underlying reasons for this difference were not yet known, but it could relate to the dynamics of the gut micro biota. Use of different broiler strains or different probiotic strains could also be the reason for the varying results. For the interaction, the result shows no significant (P>0.05) difference in weight gain, survival percentage and unit cost, but there were significantly (P>0.05) different among the other supplementation levels. This indicated that supplementation of probiotics and water lettuce in broiler chickens’ diet had no major effect on the final weight of the broiler chickens. Foluke et al. (2017) reported a significant difference in final weight of the broiler chicken fed duck weed meal. They observed that as the level of duck weed increased, the final weight also decreased. This could mean that water lettuce is a better supplement in poultry feed than duckweed meal. In a similar experiment with duckweed meal, Shazia et al. (2015) also reported that the final weight of birds fed with duckweed meal were lower compared to that of the control with reduced feed intake and concluded that duckweed could be incorporated in broiler chicken’s feed.
Economics of Production of broiler chickens
The results revealed that water lettuce as well as the ones supplemented with probiotics inclusion significantly (P<0.05) abridged the cost of feed consumed, cost of feed per kg weight gain, total cost of production, proceeds generated and gross margin. There was no significant (P>0.05) difference in the unit cost of production. In terms of amounts however, combination of 0% water lettuce and 0% probiotics had the least cost (N 188.38) while the combination of 5% water lettuce and 10% probiotics had the highest unit cost (N 204.88). The finding of this study agrees with Owosibo et al. (2013) who reported non significance difference in the cost of feeding broilers with different strain of probiotics. The result however disagreed with Bah et al. (2017) who reported a significant difference in the cost of producing broiler chickens fed with probiotics-based diet.
Conclusion and Recommendation
From the results acquired, poultry farmers can augment up to 5% and 10% of Water lettuce and probiotics inclusion in the diets of broiler chickens without upsetting the growth performance and profitability of the production.
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