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ABSTRACT
A 28-day feeding trial was conducted to evaluate the performance of finisher broiler chickens fed mixtures of brewers dried grains (BDG) and palm kernel cake (PKC) as a complete replacement for maize. Four diets containing 0, 40, 80 and 100% levels of BDG+PKC mixture coded T1, T2, T3 and T4, respectively, were fed to 120 Anak strain broiler birds. The finisher broiler chickens were divided into 4 groups of 30 birds per treatment replicated 3 times with 10 birds per replicate. The treatment diets were randomly assigned to the experimental birds in a completely randomized design (CRD). At the end of the 4-week feeding trial, data were collected on performance parameters notably daily feed intake, daily weight gain, feed conversion ratio and cost benefit analysis.The result of this study indicated that BDG+PKC at a dietary level of 40% fully supports the productive performance of finisher broiler birds and hence recommended to poultry farmers so as to make animal protein available at a reduced cost and maximize profit.
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INTRODUCTION
Sub-Saharan African countries are experiencing a trend of geometrical population explosion and this as a matter of fact is widening the animal protein demand and supply gap especially in the Nigerian Federation where human population has risen upto 206.1 million people with threatening food insecurity (EIU, Country Report, 2021). 
The poultry industry has been viewed as a valuable sector with its expectation to grow upto 14% over the next 10years in line with population growth (Poultry world, 2025) hence seen as a veritable weapon to fight against malnutrition and global economic meltdown (Nkwocha et al., 2023; Nkwocha et al., 2025).
Statista (2025) reported word’s poultry meat production to be approximately 138.75 million tons placing poultry production on top of pork as the most produced type of meat worldwide. Poultry possess several attributes that are advantageous in comparism with other animals and hence the need to revolutionaries the sector for more productive outputs (Poultry World, 2025). The greatest constraint in poultry production is the provision of safe feed that fulfills performance requirements thereby ensuring maximum profitability and sustainability. 
Conventional feed and feed raw materials has been on upward trend, cost wise and many smallholder farms has closed down due to their inability to breakeven and hence, the long term impact in malnutrition among the Nigerian populace (Nkwocha et al, 2024). The challenge in broiler production is to reach the target weight of 2.0 – 2.8kg in 56 days (Rahman, 2022). Meeting these challenges in the Nigerian poultry industry, calls for the use of good quality breeds and the incorporation of industrial byproducts into the feeding regimen of stocks to achieve lower costs of production.
The metabolic breakdown of maize yields carbohydrates which is a source of energy for man and livestock but maize as a conventional ingredient due to it competition with humans and its place in the industry is hiking the global price daily and sub-Saharan African countries are badly hit.
Looking for cost effective, sustainable alternatives like brewers spent grains and palm kernel cake would help to reduce the cost of broiler production and enhances chicken chains globally.
Brewers spent grains (BSG) is the extracted residue of cereal grain or grain product resulting from the manufacture of beer (Ubi et al, 2023) while palm kernel cake (PKC) is a byproduct of palm kernel oil extraction (Heuze et al., 2024). Brewer spent grain on proximate breakdown contains 20 – 30 CP and metabolizable energy value of 2,080kcal/kg while palm kernel cake contains 13.6-8.18.2% CP and 2500 – 2600 kcal/kg depending on the substrate and drying method (lopes Cesar Mugabe et al., 2023). The choice to combine these industrial byproducts stems from the fact that BSG provides higher protein and moisture, while PKC contributes additional fat and fibre. Their combinations can potentially balance energy and nutrient content in finisher broiler chickens ration production (Ubi et al, 2023).
Many partial replacement studies has been carried out on brewers spent grain and palm kernel cake but dearth of knowledge still exists on optimum proportional combination especially when used to replace maize completely in the ration of finisher broiler chickens. The study is therefore aimed to determine the optimal level of finisher broiler performance when fed on diets containing varying combination levels of brewers spent grain and palm kernel cake, with the goal of developing a cost-effective and sustainable feeding strategy for finisher broiler chicken production.

MATERIALS AND METHODS 
Location of the study
The experiment was carried out at the Poultry section of Imo State Polytechnic Research and Teaching Farm, Umuagwo-Ohaji, Imo State in the South Eastern Nigeria. The site has geographical coordinates of latitudes 50 171 and 50 191 N and longitudes 07o 541 and 060 561 E of the equator with temperature ranging from (26.5 – 32oc) and humidity of (70 – 85%). Imo typically receives about 234.25 millimeters (9.22 inches) of precipitation and has 268.89 rainy days (73.67% of the time) annually. Two seasons, wet and dry, are observed in the year. The rainy season begin in April and lasts till October. The State experiences climate variations following rainfall variability (2000-2500mm annually)(NiMet, 2018).  
Experimental birds and design
Permission for the use of animal and animal protocol was obtained from the Research and Ethics Committee of the Imo State Polytechnic, Umuagwo, Ohaji, Owerri, Imo State, Nigeria. One hundred and twenty (120) 4-Week old Anak broilers used for this study were obtained from a hatchery farm at Ogun State of Nigeria certified to be of good health and physical stability. They were acclimatized for four (4) days and fed on controlled diet. The birds were raised in a deep litter system whose floor was covered with wood shavings and feed was provided throughout the experimental period. Standard management practices were strictly observed. Thereafter, birds were divided into 4 treatment groups of 30 birds each in a completely randomized design (CRD).  Each treatment was replicated three (3) times (i.e. ten birds per replicate) in a deep litter system each measuring (5x3) m for optimum floor space requirement. The broiler birds were weighed at the beginning of the experiment and body weight changes taken thereafter on weekly basis for 28 days. Daily feed intake was determined by obtaining the difference between the quantity of feed given and the quantity leftover. Feed conversion ratio and feed cost/kg live weight were computed accordingly. Feed and clean drinking water were supplied ad-libitum. The experiment lasted for 28 days.
Ethical regulation of experiment  
This study was approved by the School of Agriculture and Technology Board of the Imo Polytechnic, Umuagwo, Owerri, Imo State, Nigeria. The Authors voluntarily participated and there was no deception, no risk of harm, accuracy of reporting were ensured and they complied with the ARRIVE guidelines.  
Experimental diets and Ration formulation
Four experimental diets not iso-caloric and iso-nitrogenous for all groups were formulated such that brewers dried grains and palm kernel cake mix replaced maize at 0%, 40%, 80% and 100% dietary levels coded T1, T2, T3 and T4 respectively (Table 1). The control diet (T1) was based on maize as a major source of energy while diets 2, 3 and 4 were based on 2:2 ratio of proportional combinations of brewers dried grains and palm kernel cake as major sources of energy. The ingredient composition of the experimental diets is shown in tables 1 respectively.

Table 1: Ingredient composition of the experimental treatment diets fed to finisher broiler birds 
					Inclusion levels of BDG+PKC Mixture
	Ingredients 
	T1 (0%)
	T2 (40%)
	T3(80%)
	T4(100%)

	Maize 
	60
	36
	12
	-

	BDG+PKC Mixture
	-
	24
	48
	60

	Soya bean mal
	20
	20
	20
	20

	Wheat offal
	18
	18
	18
	18

	Blood meal
	8.00
	8.00
	8.00
	8.00

	Fish meal
	3
	3
	3
	3

	Palm oil
	2
	2
	2
	2

	Bone meal
	3
	3
	3
	3

	Lysine
	0.25
	0.25
	0.25
	0.25

	Mthionine
	0.25
	0.25
	0.25
	0.25

	Common salt 
	0.25
	0.25
	0.25
	0.25

	Vit/Min Premix
	0.25
	0.25
	0.25
	0.25

	Total 
	100
	100
	100
	100

	Calculated analysis
Energy (kilocal/kg)
	
3133
	
3056
	
2680
	
2493

	Crude Protein (CP)
Crude fibre (%)
Ether extract (%)
Ash (%)	
	20.34
3.38
7.24
4.29
	21.37
5.51
7.37
4.53
	22.54
7.64
7.50
4.77
	23.42
9.18
7.62
5.01


BDG = Brewers dried grains; PKC = Palm kernel cake

Data Collection and Analysis
Body weight changes were recorded weekly. Daily feed intake was calculated. Feed conversion ratio and feed cost/kg live weight were computed.
Statistical Analysis
All data collected were subjected to analysis of variance (ANOVA) using Statistical Package for Service Solution (SPSS) version 23. The treatment means were separated by Fisher’s Least Significant Difference (LSD) Test (Williams and Abdi, 2010). 
Results and Discussion
Growth performance
The nutritive assessment of BDPK mixture shows that it contained 20.49% crude protein while other compositional values of 4.89, 14.26, 4.60 and 55.76% were recorded for ash, crude fibre, ether extract and nitrogen free extract respectively (Table 2). The crude fibre level of BDPK mixture is relatively high probably due to the presence of non-starch polysaccharides existing in the seeds (Bidhendi and Geitmann, 2016). The presence of high level of nitrogen free extractives indicates that the energy value of BDPK mixture is high while moderate level of ash content indicates that the total inorganic mineral in the test ingredient can offer reasonable nutritional aid to the animal.	
We can deduce from Table 1 that the energy levels decrease as the BDG+PKC mixture increases, while the protein levels remain relatively consistent. The crude fibre levels increased as the inclusion level of BDG+PKC mixture increased which negatively affected the performance of finisher chickens. The ether extract levels remain relatively consistent across the diets while the ash levels increased slightly as the mixture increased.The test additive (BDPK mixture) significantly (P<0.05) effected the final body weight, body weight change and average daily weight gain of the finisher broiler birds (Table 3). 

Table 2: Proximate composition ofBDG+PKC mixture	
Fractions                            	Percentage
Moisture Content           	8.50
Crude Protein                	20.49
Ether Extract                      	4.60
Ash                                   	4.89
Crude Fibre	 		14.26
Carbohydrate (NFE)       	55.76
Energy Value (Kcal/Kg)    	3093.43
ME= Metabolizable energy calculated; ME (Kcal/kg) =37 × %CP+81 × %E.E+35 × %NFE (Pauzenga, 1985).

Table 3: Performance characteristics of finisher broilers fed varying dietary levels of BDG+PKC mixture
	Parameters
	T1
	T2
	T3
	
T4
	SEM

	Initial body weight(g)
	1090a
	710d
	800c
	670d
	45.67

	Final body weight(g)
	1770a
	1500b
	1520b
	1500b
	56.78

	Body weight change(g)
	680c
	790b
	720c
	830a
	23.45

	Av. Daily Weight gain
	24.28d
	28.21b
	25.71c
	29.64a
	1.23

	Daily Feed intake(g)
	40c
	45b
	44b
	50a
	2.56

	Feed conversion ratio
	1.65b
	1.59a
	1.71d
	1.68c
	0.03

	Cost of feed/kg (N)              
	155.80d
	96.30b
	90.71a
	99.30c
	5.67

	Cost/25kg feed (N)              
	3895
	2408
	2268
	2483
	-


a,b,c,d = Means on the same row with different superscripts are significantly (P<0.05) different. SEM= Standard Error of means.

The highest final body weight of (1770g) was recorded by T1 (0% inclusion) while the least body weight of (1500g) was recorded by birds in T2 (40%) and T4(100%) inclusion rates while T3 has pulled 1520g respectively. T4 recorded the highest daily weight gain of 29.64g/bird/day and was significantly (P<0.05) different from T1(24.28g/bird/day), T3 (25.71g/bird/day) and T2 (28.21g/bird/day) respectively. It appears that the combination of the two ingredients BDG (25-30%) and PKC (15-20%) contributed to the high protein content in BDG+PKC mixture based diets and hence better performance (Ubi et al, 2023).
However, the general daily weight record of 24.28-29.64g/bird/day was grossly poor and contrary to Aduku, (1993) recommendations of average daily weight gain of 51g for finisher broilers.
T2 performed highest (1.59) in terms of feed conversion ratio followed by T1 (1.65), T4 (1.68) and T3 (1.71) in that order. Feed conversion ratio (FCR) in broiler production means the amount of feed which a broiler consumes to acquire a certain amount of weight or muscle. According to Sinurat et al. (2022) there is a positive correlation between the efficiency of livestock in converting feed into muscle form and the degree of the ration conversion value. Increased growth rate is synonymous with high feed conversion ratio (FCR). In the present study, moderate significant differences (P<0.05) existed between the treatment means in relation to FCR. According to Leeson and Summers, (2006) the feed conversion ratio of 2 to 4 is ideal in broiler chicken performance. Feed conversion ratio in this study was higher than values reported by Tuleun et al. (2020) but however, followed no definite trend.
The daily feed intake of T4 (50g) was highest followed by T2 (45g). T1 recorded the least daily feed intake (40g) which of course may be attributed to high level of maize which on biochemical breakdown yields high metabolizable energy supporting the claim that as dietary energy level increased, average daily feed intake decreased linearly (Zhang et al., 2019).. T1 promoted the highest feed cost of N155.80 per kg which is statistically different (P<0.05) from BDG+PKC mixture based diets compared to T1 (155.80 N/kg), making the BDG+PKC mixture a cost-effective alternative. A study by Bala et al. (2017) found that pearl millet and broken rice mixture could be safely incorporated in replacement of maize for broiler pre-starter upto 75% without any adverse effect. Another study by Samuel et al. (2022) concluded that millet processing waste meal (MPWM) upto 80% level of replacement has no adverse effect on the performance and carcass characteristics of broilers. The present study noted that feed cost of the diets reduced significantly as dietary levels of BDG+PKC mixture based diets increased progressively. T3 numerically recorded the least cost (N90.71), though economically may not be the best for poultry farmers. The implication of this is that the poultry farmer will save more money hence increasing profitability of the enterprise by including BDG+PKC mixture based diets at ideal level (Adeoti and Olawumi, 2013).
Conclusion and Recommendation 
This study has revealed that using BDG+PKC mixture as a replacement for maize in finisher broiler diets can be a viable option, especially at levels of 40% (T2) and 100% (T4).inclusion. From the economic view point, the result shows that T2(40% inclusion) seems to be a good compromise between performance and cost and hence recommended to poultry farmers so as to make animal protein available at a reduced cost and maximize profit. 
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