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ABSTRACT 

	
Aims: To determine the effects of varying inclusion levels of different parts of Costus afer on the growth performance of broilers. 
Study design: 3 x 4 factorial design (3 plant parts of Costus afer and 4 inclusion levels). The plant parts were leaf meal, stem meal and leaf + stem meal, while the four inclusion levels were 0%, 1%, 2% and 3%.
Place and Duration of Study: Animal house, Department of Zoology, Nnamdi Azikiwe University, Awka, Nigeria, between April 2023 and June 2023.
Methodology: 150-day-old broiler chicks of mean live body weight of 35g were randomly assigned to ten dietary treatment groups (A – J) in a 3 x 4 factorial arrangement. Each group contained 15 birds, divided into three replicates of five weight-matched birds. Data was collected on growth performance parameters (cumulative feed intake, body weight gain, and feed conversion ratio) and analyzed using the Statistical Package for Social Science (SPSS) version 26. The statistical significance difference between the different treatment groups was analyzed using two-way ANOVA. Duncan’s multiple range test was used to separate the mean significant differences between the plant parts and inclusion levels. The level of significance was set at P = .05.	
Results: The result of the cumulative feed intake (CFI) of broilers showed that there was a statistically significant effect (P = .05) of plant part (P < .001), inclusion level (P < .001), and an interaction between plant part and inclusion level (P < .001) on the CFI, as well as on the inclusion levels of the BWG (P = .003), and FCR (P = .001) of the broilers.
Conclusion: The findings of the study demonstrated that 2% inclusion level of the leaf and stem meal, as well as the leaf + stem meal at 1% inclusion level in the diet of broilers boost the growth performance of broilers, without inducing physiological stress.
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1. INTRODUCTION 

The Food and Agriculture Organization (FAO) reported that poultry comes fourth among the sources of animal protein for human consumption in Nigeria and contributes about 10% of the national meat production (FAO, 2017). Similarly, Ribeiro et al. (2024) noted that poultry production ranks first globally among all the animal species used for food production, with broiler production contributing to food security and economic development in Nigeria (Marinchenko, 2023). Despite its growth potential, the broiler industry faces several challenges, particularly the exorbitant cost of feed and fluctuations in feed prices, and this significantly affect the profit of poultry enterprise since feed constitutes a large portion of production costs (Olorunwa, 2018).
Growth performance in broilers is a critical parameter for the poultry industry, as it directly influences meat production efficiency. The growth performance of broilers is influenced by a multitude of factors such as genetics (Piórkowska et al., 2020; Widowski & Rentsch, 2022), health status (Hanif & Larghani, 2023), feed efficiency and nutrition (Ivanova & Kotarev, 2023; Nikulin & Mustafina, 2021; Vorobyova & Mosin, 2023). Growth promoters are widely used in poultry production to enhance performance and health of poultry, particularly broilers. Feed additives are generally used to improve growth rates, increase feed intake, improve feed conversion efficiency, boost livability, and reduce mortality in broilers (Elagib et al., 2013).
Costus afer, commonly known as spiral ginger, ginger lily, or bush cane, is a relatively tall native West African monocot plant of the previous Zingiberaceae family, but now Costaceae (Amadi & Anyasor, 2023). Costus afer leaf and stem contain a variety of phytochemicals, with alkaloids, flavonoids, saponins, and glycosides being the main constituents (Anyiam & Anyiam, 2020; Atere et al., 2018; Boison et al., 2019; Odoh & Okafor, 2011). Reports show that the proximate analysis of Costus afer leaf and stem have comparable nutritional profiles, and consistently show high carbohydrate content, moderate moisture levels, and low crude fat content, as well as vitamins B (1, 2, 3, 6, and 12), E, and C (Anyasor et al., 2014; Boison et al., 2019). 
The use of Costus afer in broiler production has been explored in various studies, with findings indicating its potential benefits. Azodo et al. (2023) reported that the administration of Costus afer leaf extract on broilers improved growth performance parameters such as daily weight gain and feed conversion ratio. Similarly, Nwankwo et al. (2024) observed that broilers administered methanol extracts of Costus afer maintained the highest final body weights compared to other extracts. This study thus examined the effects of varying inclusion levels of different parts of Costus afer on the growth performance of broilers.

2. materialS and methods 

2.1 Study Site

The study was carried out at the animal house of the Department of Zoology, Nnamdi Azikiwe University, Awka, Anambra state, Nigeria. The experimental site lies between latitude 6°15′18.06′′N and longitude 7°06′41.37′′E. Awka is located at latitudes 6°9'19"N 7°07'12"E and stretches 8 kilometers East-West along the Enugu-Onitsha expressway and about 5 kilometers North-South. The region is a humid, Guinea Savannah vegetation, with an average rainfall of 1798.52mm annually between 1977 and 2019 (Ononye et al., 2022).

2.2 Procurement of Experimental Animals 

One hundred and fifty (150) day-old Agrited broiler chicks of mean live body weight of 35g were procured from Emmason Agro Farms, along Upper Iweka, adjacent Eastern Academy Secondary School, Onitsha, Anambra state and were transported in perforated cartons to the study site. 

2.3 Experimental Design

The day-old broiler chicks were randomly assigned to the ten dietary treatment groups (A – J) in a 3 x 4 factorial arrangement. Each group contained 15 birds, divided into three replicates of five weight-matched birds. Treatment A served as the control with no additive (0%) included in the feed of the birds. Birds in treatments B, C and D received graded levels (1%, 2% and 3% respectively) of Costus afer leaf meal. Also, birds in treatment E, F and G were administered 1%, 2% and 3% of Costus afer stem meal respectively. Similarly, birds in treatments H, I and J were administered 1%, 2% and 3% of equal mixture (1:1) of Costus afer leaf and stem meal respectively. Each of these treatment groups were replicated three times. The research lasted for ten weeks, from first week of April 2023 to the second week of June 2023.

2.4 Care and Management of the Experimental Animal

Prior to the arrival of the chicks, ten wooden brooding boxes measuring were cleaned with disinfected water and clean cloth and allowed to dry, after which wood shavings was evenly spread on the floor of the wooden box. On arrival to the study site, the chicks were weighed, after which they were randomly assigned into the sterile brooding boxes after proper identification with a permanent marker. The chicks in the different boxes were then provided with 2 litres of distilled water containing two teaspoons of glucose (Iftitah et al., 2022) which was distributed in the different drinking troughs. Also, heat source from medium-sized lanterns was provided for the chicks in each of the brooding boxes. At three weeks old, the birds were transferred to a netted cage, with each duplicate cell measuring 60 × 60 × 40 cm (Abdel-Wareth & Lohakare, 2020), after they had been visually inspected for health.
 
Throughout the period of the study, all the birds were kept under the same management, sanitary, and environmental conditions. The relative humidity was between 60% and 70% all through the experiment, while the ambient temperature was gradually reduced from 320C on day 7 to 240C on day 21, and then maintained at that level (Abdel-Wareth et al., 2012) throughout the period of the study. Additionally, there was controlled ventilation and lighting in the various compartments. When the chicks were 1 to 3 days old, the lighting cycle was 24 hours, then 18 hours from 4 to 20 days of age (Hernández et al., 2004) and gradually reduced to 14 hours thereafter and maintained until the completion of the study (Khattak et al., 2014). The feeding schedule of the broilers was according to the nutrient recommendation for broiler chickens of the National Research Council (NRC). It consisted of starter mash which was given to the chicks from day old until they were 21 days old, followed by grower mash which was given to them from 21 days old till they were 42 days old, and finisher mash from 42 days old until the completion of the study (National Research Council [NRC], 1994).

2.5 Identification and Collection of the Experimental Plant, Costus afer

The experimental plant was collected from the bush around the study site very early in the morning, after which it was taken to the Botany Department of Nnamdi Azikiwe University, Awka, Anambra state for authentication by a plant taxonomist. The plant was identified using taxonomic keys as Costus afer and voucher specimen of the plant was deposited in the herbarium of the same Department and Institution, with voucher number NAUH-166A on 2nd November 2022.

2.6 Preparation of Experimental Plant 

The leaves of Costus afer were plucked out from the stem immediately after harvesting the plant, after which they were washed separately in a big basin of distilled water and allowed to drain separately in a large sieve. Thereafter, the leaves and stems of the experimental plant were cut into bits and dried under ambient temperature, during which they were turned occasionally until they were crispy. The dried leaves and stems of the experimental plant were ground separately into powder in a clean dry electric blender (FD-989, 1800W) and stored in separate labelled air-tight containers for future use. 

Weekly, graded levels of powdered Costus afer leaf, stem and mixture of leaf and stem were weighed separately using a sensitive weighing scale (ADAM AFP-4,100L), after which they were thoroughly mixed in the appropriate proportion with the broiler mash which was weighed with a commercial weighing scale to obtain treatments B to J. Thereafter, the different mixtures (treatments B to J) were put in separate labelled empty bags of feed and stored in a cool dry place. This process was repeated throughout the study. To compound 5kg (5,000g) of feed for birds in treatment B, E and H, 1% additive (1% leaf meal, 1% stem meal and 0.5% leaf meal + 0.5% stem meal respectively) required 50g of each of the additives, with the mixture requiring 25g leaf meal and 25g stem meal. Likewise, for 5kg of feed, 2% additive required 100g of additive, while 3% additive required 150g of additive. Every morning, the same quantity of feed was weighed and served to all the birds in the different treatment (A – J) groups.

2.7 Determination of Proximate Composition of the Leaf and Stem of Costus afer

The leaf and stem of Costus afer was analyzed for their proximate composition using the standard methods of Association of Official Analytical Chemists (AOAC) International (2019) to determine their moisture content, crude protein, crude fat, crude ash, crude fiber, and total carbohydrate contents. Each analysis was done in duplicates.

2.7.1 Determination of moisture content 

Four empty crucibles were washed with clean water and dried in an oven for about 10 minutes, after which they were allowed to cool in a desiccator containing calcium chloride for about 20 minutes. Each of the empty crucibles were labelled accordingly as C. afer leaf 1, C. afer leaf 2, C. afer stem 1 and C. afer stem 2 respectively, after which they were weighed individually, and the weight was designated as W1. Thereafter, 2g of each of the powdered samples of the leaf and stem of Costus afer were weighed into the sterile crucibles, and the weight was designated as W2 and placed in an oven at 1050C for 24 hours. It was then brought out, cooled to room temperature in a desiccator and examined to ensure that it was completely dry. To achieve complete drying, the crucible and samples were weighed and then put back in the oven for an additional 24 hours. The procedure was repeated until a constant weight was obtained. The crucibles and samples were then weighed, and the weight of the sample and crucible after drying was designated as W3. 

Calculation
% Moisture = W2 – W3   x  100
	         W2 – W1         1

2.7.2 Determination of ash content 

Four empty crucibles were fire-polished in muffle furnace and allowed to cool in a desiccator containing calcium chloride for 20 minutes and then weighed after labelling appropriately, with the weight of the empty crucibles designated as W1. 2g of each of the samples of the blended leaf and stem of Costus afer were then weighed separately into the different crucibles and the weight of the sample and crucible before ashing was determined and designated as W2. Thereafter, they were transferred into a muffle furnace and heated at 5500C for 4 hours for them to ash. The crucibles were then removed from the muffle furnace, and a drop of water was added to each of the samples to expose the unashed portion, after which they were placed back in the muffle furnace and heated for about 30 minutes. After 30 minutes, the crucibles were removed from the furnace and allowed to cool in a desiccator, after which the different crucibles with the ashes were weighed and designated as W3.

Calculation
% Ash = W3  –  W1   x  100
	  W2  –  W1	 1

2.7.3 Determination of crude protein 

One gram (1g) of each of the samples of the blended leaf and stem of Costus afer was weighed separately and transferred into a 100ml Kjeldahl digestion flask. This was followed by the addition of 3g of Kjeldahl digestion catalyst, which is a mixture of sodium sulphate and copper sulphate pentahydrate in the ratio of 10:1 (i.e., 2.7g Na2SO4 : 0.3g CuSO4). Four anti-bumping chips were also added to prevent the mixture from sticking to the flask during digestion and to enhance boiling. The content of the Kjeldahl flask was further digested with 25ml of 1.25% concentrated sulfuric acid (H2SO4). The flask was inclined and heated gently at first until frothing ceased. It was then heated strongly with intermittent rotation of the flask, to wash down charred particles from the sides of the flask and until the colour of the digest changed from ash or black colour to pale green or blue green colour. Thereafter, the content of the flask was quantitatively transferred into a 100ml volumetric flask after cooling, and the remaining capacity was filled with distilled water to reach the 100ml threshold.

Next, 20 ml of the diluted digest was transferred into a 150 ml distillation flask, followed by the addition of 20ml of 40% NaOH solution, as well as anti-bumping chips. A condenser which receiver was coupled to a Buchner funnel was submerged in a 400 ml beaker containing 10 ml of a solution of 2% boric acid and 2 drops of double methyl red/methylene blue indicator. When the volume in the beaker was roughly equal to the original volume and the colour of the boric acid in the receiver flask changed from purple to pale green, the distillation process was completed and thence stopped. The liberated ammonia was distilled into an excess boric acid solution. 

20ml of this diluted digest was placed in the distillation flask. 20ml of 2% boric acid solution was then measured into a conical flask, and a few drops of screened methyl red indicator was added into the conical flask. The conical flask with its content was placed on the receiver, so that the end of the delivery tube dipped just below the level of the acid. Few pieces of granulated zinc and anti-bumping granules were added to the distillation flask and about 40ml of 40% NaOH solution was run into the flask to make the liquid in the flask alkaline. The content was boiled vigorously until the content of the flask bumped. The distillate was titrated with 0.1N HCl to a purple-coloured end point (Vml).

Calculation
Nitrogen (%)    =              1.4% x titre volume of digest            x    100
   		    1000 x weight of sample x aliquot distilled         1

The distillate was then titrated with 0.1M hydrochloric acid until the colour changed to pink, at which point the titration was completed. The titre value was noted and used to ascertain the nitrogen content. The nitrogen factor (6.25) was then multiplied by the value obtained to determine the value of the protein, as shown below:

Crude Protein (%) = %Nitrogen × 6.25

2.7.4 Determination of crude fat content

The crude fat was determined using the Soxhlet extraction method. 250ml extraction flasks were washed and dried in an oven set to 1050C for 25 minutes. They were then moved to a desiccator to cool, and their weights were determined as W1. The dried flasks were then filled with 250 ml of petroleum ether. 5g of each of the samples was weighed and wrapped into labelled porous thimbles. The thimble and its contents were inserted into the extraction column with the condenser of the Soxhlet extractor and the samples were extracted for 4 hours. About 350ml of the extracting solvent (n-hexane) was poured into the round bottom flask and fitted into the extraction unit. The flask was heated with the aid of electrothermal heater at 600C.  Losses of solvent due to heating were checked with the aid of the condenser so that it cooled and refluxed the evaporated solvent. 

After extraction, the thimble was carefully removed and the solvent (petroleum ether) in the top container (tube) was recovered for reuse by distillation. When the extraction flask was almost completely devoid of petroleum ether, it was taken out of the heating mantle arrangement. The flask and its content were placed on a water bath to evaporate the solvent. Thereafter, the extraction flask containing the residue was transferred to an oven set at 1050C for 1 hour to evaporate the remaining solvent and moisture to complete dryness. The flask containing the dried oil was then cooled in a desiccator, and the weight of the cooled flask with the dried oil was determined (W2).

Calculation 		
% Crude fat =   W2 – W1   x  100
		     W              1

2.7.5 Determination of crude fiber 

Two grams (2g) of the defatted sample obtained during fat determination was air dried and transferred into a 250ml conical flask. Thereafter, 200ml of 1.25% sulfuric acid was added to the flask and the mixture was gently heated for 30 minutes. The flask was rotated every few minutes, in order to mix the content and remove particles from the side. At the end of the 30 minutes, the acid mixture was allowed to stand for one minute and then filtered using a filter paper placed in a Buckner funnel. The filtration was so fast and was completed within 2 minutes. The insoluble matter was thoroughly washed with hot distilled water until the filtrate was free from acid. 

Thereafter, the insoluble matter (filtrate) was washed back into the flask by means of a wash bottle containing 200ml of 1.25% NaOH, gently boiled for 30 minutes with the same precaution as those used in the early acid treatment. After 30 minutes, the mixture was allowed to stand for a minute, after which it was filtered immediately using a filter paper placed in a Buckner funnel. The insoluble matter (residue) was then washed with hot distilled water until no base was detected in the filtrate. Thereafter, the whole insoluble matter was washed with 1% HCl and finally with hot water until free from acid, after which it was washed twice with alcohol and three times with dimethyl ether. Finally, the insoluble matter was transferred into a dried weighed crucible and then oven-dried at 1000C. Then, the residue in the crucible was placed in a desiccator to cool before it was weighed again to constant weight. Following weighing, the crucible and its content was ashed in muffle furnace at 5500C for 90 minutes, after which it was moved to the desiccator to cool before it was re-weighed. The difference between the weight of ash and the weight of insoluble matter gave the weight of crude fiber.

Calculation
Crude fiber (%)   =    Weight of dried insoluble matter - weight of ash       x       100
			    Weight of sample before defatting		          1

2.7.6 Determination of total carbohydrate 

The total amount of carbohydrate was ascertained by calculating the percentage difference between the summation of the sample's values for crude protein, crude fat, crude fiber, ash, and moisture content.

Calculation

Total carbohydrate (%) = 100 - (% moisture + % ash + % crude fibre + % crude protein + % fat).
Energy value: The Atwater factors 4, 9, and 4 for protein, fat, and carbohydrate, respectively were used to compute the energy value.


2.8 Data Collection 
Data on growth performance characteristics such as feed intake was collected daily, while body weight gain and feed conversion ratio were determined weekly. 
2.8.1 Feed intake
Feed offered to the birds as well as remnant feed was weighed and recorded daily in the morning. Daily feed intake (DFI) was determined for each replicate across the treatments throughout the period of the study by obtaining the difference between the feed offered and remnant feed after 24 hours (Nwankwo et al., 2024). At the end of the study, the cumulative feed intake (CFI) was determined by summing up the daily feed intake recorded.
2.8.2 Body weight gain
On arrival to the study site, the initial weight measurement of each of the chicks was taken using a sensitive weighing scale. Thereafter, the weight of the birds was determined weekly throughout the period of the study. The body weight gain (BWG) of the birds was calculated by deducting their average initial weight (AIW) from their average final weight (AFW) per treatment. 
Body weight gain (BWG) = Average final weight (AFW) – Average initial weight (AIW) (Nwankwo et al., 2024)
2.8.3 Feed conversion ratio 
Feed conversion ratio (FCR) was also determined weekly by dividing the average weekly feed intake (AWFI) by the average weekly weight gain (AWWG) of the birds (Nwankwo et al., 2024). 
FCR =    Average weekly feed intake (g)      (Nwankwo et al., 2024)   
	 Average weekly weight gain (g)

2.9 Statistical Analysis

The data collected on growth performance parameters (CFI, BWG, and FCR) was entered into a Microsoft Excel spreadsheet and subjected to statistical analysis using the Statistical Package for Social Science (SPSS) software for windows version 26. Descriptive analysis results were represented as mean ± standard deviation and the statistical significance difference between the different treatment groups was analyzed using two-way ANOVA. Duncan’s Multiple Range Test was used to separate the mean significant differences between the plant parts and inclusion levels. The level of significance was set at P=.05.

3. results and discussion

3.1 Result
Growth Performance Parameters of Broilers Subjected to Varying Inclusion Levels of Different Plant Parts of Costus afer
The result of the cumulative feed intake of broilers administered various inclusion levels of Costus afer leaf, stem and leaf + stem (table 1) shows that the mean CFI of broilers administered 3% leaf meal was the highest (5188.20 + 4.30g), while the least mean CFI was recorded by broilers administered 1% leaf meal (4994.10 + 4.30g). On the other hand, broilers administered 2% stem meal had the highest mean CFI (5180 + 4.30g), and broilers administered 1% stem meal (5114.03 + 4.30g) recorded the least mean CFI (fig. 1). Finally, broilers administered 1% Costus afer leaf and stem meal had the highest mean CFI (5190.50 + 4.30g), while broilers administered 2% leaf + stem meal had the least mean cumulative feed intake (5117.97 + 4.30g) (fig. 1). Table 1 also shows that there is a statistically significant effect (P = .05) of plant part (P < .001), inclusion level (P < 0.001), and an interaction between plant part and inclusion level (P < 0.001) on the CFI of broilers. 
Furthermore, the result of the body weight gain of broilers (table 1) shows that broilers administered 1% leaf meal had the highest mean BWG (3980.00 + 83.73g), while the least mean BWG was recorded by broilers administered 0% leaf meal (3743.33 + 83.73g). On the other hand, broilers administered 2% stem meal had the highest mean BWG (4003.33 + 83.73g), and the least mean BWG was recorded in broilers administered 0% stem meal (3743.33 + 83.73g) (fig. 2). Finally, broilers administered 2% Costus afer leaf + stem meal had the highest mean BWG (4166.67 + 83.73g), while broilers administered 0% leaf + stem meal had the least mean BWG (3743.33 + 83.73g) (fig. 2). Overall, the highest mean body weight gain was recorded by broilers administered 2% Costus afer leaf + stem meal (4166.67 + 83.73g), while the least mean BWG was recorded by broilers that had no inclusion level of the experimental plant (3743.33 + 83.73g). Table 1 also shows that there is no statistically significant effect (P = .05) of plant part (P = .62), and an interaction between plant part and inclusion level (P = .26) on the body weight gain of broilers. However, there is a statistically significant effect (P = .05) of inclusion level (P = .003) on BWG of broilers. 
Additionally, the result of the FCR of broilers (table 1) shows that broilers administered 3% leaf meal had the highest FCR (1.37 + 0.03), while the least mean FCR was recorded in broilers administered 1% leaf meal (1.26 + 0.03).  On the other hand, broilers administered 0% stem meal had the highest mean FCR (1.37 + 0.03), and the least mean FCR was recorded in broilers administered 2% stem meal (1.29 + 0.03) (fig. 3). Finally, broilers administered 0% Costus afer leaf + stem meal had the highest mean FCR (1.37 + 0.03), and broilers administered 2% leaf + stem meal had the least mean FCR (1.23 + 0.03) (fig. 3). Table 1 also shows that there is no statistically significant effect (P = .05) of plant part (P = .96), and an interaction between plant part and inclusion level (P = .16) on the feed conversion ratio of broilers. However, there is a statistically significant effect (P = .05) of inclusion level (P = .001) on FCR.



3.2 Discussion
Table 1 shows that the type of Costus afer part (leaf, stem, or leaf + stem) significantly influenced CFI (P < .001), with broilers consuming more feed when offered a diet containing stem or leaf + stem compared to when they were fed diet containing only C. afer leaf meal. This may be attributed to differences in palatability, fiber content, or nutrient profile among plant parts.  Interestingly, Azodo et al. (2023) reported that broilers administered Costus afer stem meal had the highest feed intake and body weight gain, compared to those administered leaf meal or a combination. Conversely, the BWG and FCR of the broilers were not significantly affected by plant part (P = .05), implying that despite increased intake, the growth efficiency and weight gain did not vary significantly with the part of the plant used. These results suggest that broilers can utilize all the parts of Costus afer similarly for growth when included in moderate proportions. This agrees with the findings of Azodo et al. (2024) and Azodo et al. (2025), that broiler chickens administered Costus afer extract had improved growth performance.
Regardless of plant part, inclusion level had a significant effect (P < .001) on all growth parameters (CFI, BWG, and FCR), indicating that dosage plays a critical role in the growth response of broilers to Costus afer. Particularly, broilers fed 2% inclusion level recorded the highest BWG (4035.56 g) and the best FCR (1.27), suggesting that there was more efficient conversion of feed into body mass. This agrees with the findings of Azodo et al. (2024) who reported that moderate inclusion of phytogenic feed additives enhanced growth performance due to improved nutrient utilization, gut health, or enzyme activity. The high BWG of broilers administered 2% inclusion level of the experimental plant may also be attributed to moderate levels of bioactive compounds in Costus afer, such as antioxidants, flavonoids, or saponins (Anyiam & Anyiam, 2020; Nwauche et al., 2018), which could stimulate digestive secretions, enhance gut health, and improve nutrient absorption. Conversely, higher inclusion levels of 3% may introduce excessive phytochemicals or fiber, which could impair nutrient digestion and utilization, resulting in reduced growth performance (Chuku & Chuku, 2018).
Notably, the control group (0%) consistently recorded the lowest BWG and ADWG, and the least FCR (1.37). The high body weight gain observed in broilers administered varying levels of different parts of Costus afer compared to the control reinforces the potential of Costus afer as a growth promoter, as reported by Azodo et al. (2024) and Nwankwo et al. (2024). The improved weight gain may also be attributed to the bioactive compounds or growth-promoting properties that improve feed efficiency, which is present in the experimental plant, as highlighted by Ogbuewu et al. (2023) who reported that Costus afer stimulates appetite, promotes gut health, and enhances protein metabolism. Similarly, Boison et al. (2019), and Divengi et al. (2022) highlighted the bioactivities of the phytochemical constituents of Costus afer, which could potentially contribute to the overall health and well-being of broilers. The growth performance of broilers, however, declined at 3% inclusion level, where the BWG and FCR of the broilers were lower than those administered 2%, although they were still higher than the control. This indicates that while Costus afer is beneficial at moderate levels (Azodo et al., 2024; Azodo et al., 2025), higher inclusion levels may result in reduced efficiency, probably due to anti-nutritional factors (Chuku & Chuku, 2018).
Finally, significant interaction effects (P < .001) between plant part and inclusion level were observed for CFI. This implies that feed intake is influenced by the type of plant part and its inclusion level. Particularly, feed intake was higher in broilers fed 3% leaf or stem, suggesting that palatability may increase with certain combinations. However, the lack of significant interactions for BWG, and FCR (P = .05) implies that the efficiency of nutrient utilization was largely dependent on inclusion level, rather than the specific part of the plant that was combined.



















Table 1. Effects of Varying Inclusion Levels of Different Parts of Costus afer on the     
Growth Performance Parameters of Broilers

	Plant part
	Inclusion level
	CFI (g)
	BWG (g)
	FCR

	Leaf
	0%
	5120.17 
	3743.33 
	1.37 

	
	1%
	4994.10 
	3980.00 
	1.26 

	
	2%
	5011.33 
	3936.67 
	1.28 

	
	3%
	5188.20 
	3770.00 
	1.37 

	Stem
	0%
	5120.17 
	3743.33 
	1.37 

	
	1%
	5114.03 
	3916.67 
	1.31 

	
	2%
	5180.63 
	4003.33 
	1.29 

	
	3%
	5173.87 
	3996.67 
	1.30 

	Leaf + Stem
	0%
	5120.17 
	3743.33 
	1.37 

	
	1%
	5190.50 
	3856.67 
	1.34

	
	2%
	5117.97 
	4166.67 
	1.23 

	
	3%
	5153.27 
	3810.00 
	1.35 

	SEM (n = 12)
	
	4.30
	83.73
	0.029

	Main effect
	
	
	
	

	Plant part
	
	
	
	

	Leaf
	
	5078.45a
	3857.50a
	1.32a

	Stem
	
	5147.18b
	3915.00a
	1.32a

	Leaf + stem
	
	5145.48b
	3894.17a
	1.32a

	SEM (n = 6)
	
	3.04
	59.21
	0.021

	Inclusion level
	
	
	
	

	0%
	
	5120.17b
	3743.33a
	1.37a

	1%
	
	5099.54a
	3917.78a,b
	 1.30a,b

	2%
	
	5103.31a
	4035.56c
	1.27a

	3%
	
	5171.78c
	3858.89a,b
	  1.34a,b

	SEM (n = 12)
	
	3.51
	68.37
	0.024

	Effect (P-value)
	df
	
	
	

	Plant part
	2
	<0.001
	0.623
	0.958

	Inclusion level
	3
	<0.001
	0.003
	0.001

	Plant part x inclusion level
	6
	<0.001
	0.262
	0.161


Means in the same column with different superscripts are different (P = .05).
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Fig. 1. Estimated marginal means of CFI
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             Fig. 2. Estimated marginal means of BWG
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          Fig. 3. Estimated marginal means of FCR


4. Conclusion

This study has demonstrated that dietary inclusion of Costus afer at 2% inclusion level significantly improved the growth performance of broilers, particularly in terms of feed efficiency and weight gain, irrespective of plant part. However, higher inclusion levels may be detrimental, likely due to anti-nutritional effects. Inclusion of Costus afer leaf meal, stem meal and leaf + stem meal in the diet of broilers, thus have potential growth performance benefits at lower inclusion levels. Particularly, 2% inclusion level of the leaf and stem meal, as well as the leaf + stem meal at 1% inclusion level in the diet of broilers appears to enhance growth performance in broilers, without inducing physiological stress or exceeding the adaptive threshold of the broilers.
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