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			Abstract | In the pursuit of sustainable poultry production, probiotics have emerged as viable alternatives to antibiotic growth promoters. This study evaluates the impact of dietary probiotic supplementation on growth performance, feed efficiency, and survivability in broiler chickens under controlled field conditions. A total of 84 broiler chickens were randomly assigned to three groups: Control (basal diet), Probiotic 0.5% (basal diet + 0.5% probiotic), and Probiotic 1.0% (basal diet + 1.0% probiotic). Growth performance indicators, including body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), and mortality, were measured over a 35-day period. Statistical analysis involved Welch’s ANOVA followed by Tukey’s post-hoc tests. Probiotic supplementation significantly affected BWG (F(2, 50.2) = 48.39, p < 0.001), FI (F(2, 49.8) = 7.57, p = 0.001), and FCR (F(2, 52.4) = 40.80, p < 0.001). The Probiotic 0.5% group demonstrated the highest BWG (1921 g), optimal FI (3466 g), and zero mortality, indicating superior performance. Tukey’s test revealed that both probiotic groups significantly outperformed the control in BWG (p < 0.001). However, FCR was least efficient in the 1.0% group despite reduced FI, suggesting diminishing returns at higher probiotic concentrations. Probiotic supplementation at 0.5% significantly enhances broiler performance while maintaining feed efficiency and survivability. These findings support its integration into commercial poultry nutrition as a sustainable growth-promoting strategy. Further studies incorporating microbiota profiling and immune response analysis are warranted to elucidate underlying mechanisms.
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			INTRODUCTION 

			Poultry production is truly the nucleus of food production, contributing heavily to the animal protein supply, and the fast-growing broiler chickens hold the major share, given their speedy growth rate, swift feed conversion, and cheaper method of production. However, with increasing concern on antimicrobial resistance, the imposition of regulatory measures, and consumer demand, the need for sustainable antibiotic-free method of poultry production is more heightened than ever before (Gadde et al., 2017; Allen et al., 2013). Alternative growth-promoting agents have, therefore, become necessary to be searched for, and probiotics seem to be promoting a natural means of increasing FCR, growth performance, and general health condition of broiler chickens.

			According to the FAO and WHO (2002), probiotics are live microorganisms that confer health benefits on a host when administered in sufficient numbers, depending on the modulation of gut microbiota, nutrient absorption, and immune response. In broiler production, probiotic supplementation has been linked mostly to heavier body weight gain, an optimized feed conversion ratio, and thus productivity and profitability (Kogut, 2019; Mountzouris et al., 2010). The mode of activity of these benefits lies mainly in the modulation of intestinal microbial ecology, suppression of pathogenic bacteria, and improvement in mucosal barrier function and nutrient utilization (Pan and Yu, 2014). 

			A huge amount of literature supports the benefits of probiotics, but the degree of efficacy of probiotics! varies greatly with strain type, dosage, environmental condition, and physiological status of the birds being considered (Roto et al., 2015). For example, Bacillus subtilis and Lactobacillus spp. are frequently studied for their robust viability in harsh gut environments and their capability to produce beneficial enzymes and antimicrobial substances (Ahiwe et al., 2021). However, the outcomes of probiotic application remain inconsistent across studies, underscoring the need for strain- and dose-specific investigations under field conditions that reflect commercial production environments.

			Recent advances have also highlighted the importance of dose optimization in probiotic efficacy. Disruption of endogenous microbial equilibrium could be produced by excessively high dosages, which in turn negatively affect performance (Gaggìa et al., 2010). Therefore, a comparative evaluation of different levels of probiotic inclusion would be necessary to ascertain that concentration which achieves the best compromise between improvement of performance and the feasibility of cost.

			To name a few performance parameters, we have weight gain and feed intake; whereas, mortality rates and FCR are indicators of flock health and efficient utilization of feed. In weighing all up, FCR is consumed feed/wt. gained. Therefore, it is a direct index of metabolic efficiency and cost consideration in poultry husbandry (Wang et al., 2017). Improvements in FCR with probiotic supplementation may point to improved nutrient digestibility, lower disease incidence, and better gut morphology, thereby affecting sustainable broiler production positively (Kabir, 2009).

			This study fills in critical vacancies that had existed until now, including the controlled field trial to study the effects of 0.5 and 1.0% graded levels of a commercial probiotic blend on broiler growth, feed intake, FCR, and mortality. However, unlike many lab-based studies, the current study was conducted under conditions close to commercial ones to render it ecologically valid and practically oriented. With statistical parameters so configured, using Welch’s ANOVA and Tukey’s Post-Hoc procedures accounting for unequal sample sizes and variances, inference is invariably strong. It is intended for the findings to contribute toward evidence-based recommendations on how best to incorporate probiotics into broiler feed programs as an alternative to antibiotic growth promoters.

			Altogether, the stated statistical methods form a comprehensive evaluation framework concerning probiotic-supplemented diets offered to quantifiable subjects in a real environment. Welch ANOVA is used to assess variance inequality so that in the meantime one can ensure the implementation of reliable post-hoc analyses with Tukey HSD. Descriptive statistics of mortality frequency give the basic and clinical reference points. All these methods applied together will ensure that the research remains analytical and evidence-based towards proposing recommendations to improve feed efficiency and growth performance in broiler production-related fields.

			MATERIALS AND METHODS

				

			Study design and ethical compliance 

			This controlled field study employed a completely randomized design (CRD) to evaluate the effects of two probiotic-supplemented diets on roiler chickens. The experiment followed institutional and national guidelines for care and use of animals in research. All procedures of this experiment were performed under the accepted protocols of animal welfare standards.

			Experimental birds and housing

			A total of 84 Cobb 500 broiler chicks at 1 day of age were procured from a commercial hatchery that is reputable. The birds were randomly distributed into three treatment groups:

			
					Control (T₀): Basal diet without probiotic supplementation

					Probiotic 0.5% (T₁): Basal diet + 0.5% probiotic supplement

					Probiotic 1.0% (T₂): Basal diet + 1.0% probiotic supplement

			

			Each group was put in a separate pen with controlled environment and an area of 1 m² per every 10 birds. The experimental duration was for 42 days, comprising the starter phase for 21 days and the finisher phase for 21 days.

			Diet composition and probiotic supplementation

			According to the National Research Council (NRC, 1994), all diets were formulated to meet or exceed the recommended nutritional requirements for broiler chickens. The probiotic consisted of a commercial multi-strain product of Lactobacillus acidophilus, Bacillus subtilis, and Enterococcus faecium, with a guaranteed minimum of 10⁹ CFU/g.

			The ingredients and feeding were done following an isocaloric and isonitrogenous principle. The probiotic was thoroughly mixed into the basal diet for uniform distribution throughout the feed.

			Data collection

			The growth performance parameters

			Weekly data comprising bodyweight gain, feed intake, and feed conversion ratio were recorded. 

			
					The BWG was done by calculating the difference between the final and initial weights. 

					FI was done by subtracting feed residue from feed offered.

			

			FCR was derived as:

			[image: ]

			Mortality rate

			Daily mortality was recorded, and cumulative mortality (%) per group was calculated as:
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			Statistical analysis

			All statistical analyses were performed using IBM SPSS Statistics Version 27. The Shapiro-Wilk test was used to assess normality. Homogeneity of variances was checked using Levene’s test. Because of unequal variances and group sizes, to test whether there were significant differences in BWG, FI, and FCR across the treatment groups, Welch ANOVA was used. Upon finding significant ANOVA results comparing all groups simultaneously, further tests for simple contrasts by Tukey’s HSD were undertaken to find out which groups differ from each other. Mean, standard deviation, median, minimum, and maximum values were computed for all parameters. Mortality frequencies were analyzed using contingency tables and expressed as percentages. Data visualization and statistical output were generated using SPSS and Microsoft Excel. A significance level of p < 0.05 was considered statistically significant.

			RESULTS 

			Chicken body weight gain and feed intake tend to show a higher trend in the two Probiotic-treated groups compared to that in the Control-treated group, where the Probiotic 1.0% group showed slightly higher values for chicken body weight gain and feed intake as compared to the Probiotic 0.5% group. The FCR levels amongst the groups were similar, showing that differences in feed conversion efficiency were not significant. Mortality rate was recorded as lowest in the Probiotic 0.5% treatment, with none being reported, while the Control and Probiotic 1.0% treatments recorded the low but non-zero mortalities.

			Table 1: Descriptives.

			
				
					
					
					
					
					
					
				
				
					
							
							
							Group

						
							
							Body weight gain

						
							
							Feed intake

						
							
							FCR

						
							
							Mortality

						
					

					
							
							N

						
							
							Control

						
							
							30

						
							
							30

						
							
							30

						
							
							30

						
					

					
							
							Probiotic_0.5%

						
							
							19

						
							
							19

						
							
							19

						
							
							19

						
					

					
							
							Probiotic_1.0%

						
							
							35

						
							
							35

						
							
							35

						
							
							35

						
					

					
							
							Missing

						
							
							Control

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Probiotic_0.5%

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Probiotic_1.0%

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Mean

						
							
							Control

						
							
							1795

						
							
							3501

						
							
							0.513

						
							
							0.100

						
					

					
							
							Probiotic_0.5%

						
							
							1921

						
							
							3466

						
							
							0.555

						
							
							0.00

						
					

					
							
							Probiotic_1.0%

						
							
							1899

						
							
							3394

						
							
							0.560

						
							
							0.0286

						
					

					
							
							Median

						
							
							Control

						
							
							1800

						
							
							3502

						
							
							0.515

						
							
							0.00

						
					

					
							
							Probiotic_0.5%

						
							
							1934

						
							
							3466

						
							
							0.552

						
							
							0

						
					

					
							
							Probiotic_1.0%

						
							
							1904

						
							
							3399

						
							
							0.563

						
							
							0

						
					

					
							
							Standard deviation

						
							
							Control

						
							
							50.2

						
							
							116

						
							
							0.0214

						
							
							0.305

						
					

					
							
							Probiotic_0.5%

						
							
							44.6

						
							
							86.5

						
							
							0.0155

						
							
							0.00

						
					

					
							
							Probiotic_1.0%

						
							
							67.3

						
							
							110

						
							
							0.0270

						
							
							0.169

						
					

					
							
							Minimum

						
							
							Control

						
							
							1671

						
							
							3267

						
							
							0.470

						
							
							0

						
					

					
							
							Probiotic_0.5%

						
							
							1846

						
							
							3248

						
							
							0.532

						
							
							0

						
					

					
							
							Probiotic_1.0%

						
							
							1662

						
							
							3076

						
							
							0.485

						
							
							0

						
					

					
							
							Maximum

						
							
							Control

						
							
							1866

						
							
							3739

						
							
							0.569

						
							
							1

						
					

					
							
							Probiotic_0.5%

						
							
							1994

						
							
							3614

						
							
							0.586

						
							
							0

						
					

					
							
							Probiotic_1.0%

						
							
							2009

						
							
							3602

						
							
							0.607

						
							
							1

						
					

				
			

			Table 2: Frequencies of mortality.

			
				
					
					
					
					
					
				
				
					
							
							Mortality

						
							
							Group

						
							
							Counts

						
							
							% of total

						
							
							Cumulative %

						
					

					
							
							0

						
							
							Control

						
							
							27

						
							
							32.1%

						
							
							32.1%

						
					

					
							
							Probiotic_0.5%

						
							
							19

						
							
							22.6%

						
							
							54.8%

						
					

					
							
							Probiotic_1.0%

						
							
							34

						
							
							40.5%

						
							
							95.2%

						
					

					
							
							1

						
							
							Control

						
							
							3

						
							
							3.6%

						
							
							98.8%

						
					

					
							
							Probiotic_0.5%

						
							
							0

						
							
							0.0%

						
							
							98.8%

						
					

					
							
							Probiotic_1.0%

						
							
							1

						
							
							1.2%

						
							
							100.0%

						
					

				
			

			The mortality rate among the Probiotic 0.5% group being lowest had zero mortalities recorded. The Control group was on the other hand most victimized by mortalities with 3.6%. The Probiotic 1.0% group had a small incidence of mortality, probably a slight increase compared with the Probiotic 0.5% group but still very low.

			Body weight gain
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			Figure 1: Plots,  Body_Weight_Gain
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			Figure 2: Feed  Intake
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			Figure 3: FCR
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			Figure 4: Mortality

			Table 3: One-way ANOVA (Welch’s).

			
				
					
					
					
					
					
				
				
					
							
							
							F

						
							
							df1

						
							
							df2

						
							
							p

						
					

					
							
							Body weight gain

						
							
							48.39

						
							
							2

						
							
							50.2

						
							
							<.001

						
					

					
							
							Feed intake

						
							
							7.57

						
							
							2

						
							
							49.8

						
							
							0.001

						
					

					
							
							FCR

						
							
							40.80

						
							
							2

						
							
							52.4

						
							
							<.001

						
					

				
			

			The One-Way ANOVA (Welch’s) was conducted to look for differences between experimental groups for Body Weight Gain, Feed Intake, and Feed Conversion Ratio (FCR). Significant group differences emerged for all three variables:

			
					Body Weight Gain: These groups had a significant difference (F(2, 50.2) = 48.39, p < 0.001), meaning that probiotic treatments caused a significant change in body weight gain.

					Feed Intake: For feed intake also, significant differences were detected (F(2, 49.8) = 7.57, p = 0.001), indicating that probiotic supplementation had an influence on feed intake among the groups.

					Feed Conversion Ratio (FCR): FCR values differed significantly (F(2, 52.4) = 40.80, p < 0.001) so pointing at the probiotic doses influencing the conversion of feed by animals.These results imply that the probiotic treatments had an influence on all three parameters; thereby, the stage is set for further, detailed post-hoc analyses to separate out specific group differences.

			

			Table 4: Group descriptives.

			
				
					
					
					
					
					
					
				
				
					
							
							
							Group

						
							
							N

						
							
							Mean

						
							
							SD

						
							
							SE

						
					

					
							
							Body weight gain

						
							
							Control

						
							
							30

						
							
							1794.524

						
							
							50.1710

						
							
							9.15993

						
					

					
							
							Probiotic_0.5%

						
							
							19

						
							
							1921.235

						
							
							44.6262

						
							
							10.23796

						
					

					
							
							Probiotic_1.0%

						
							
							35

						
							
							1898.673

						
							
							67.3140

						
							
							11.37815

						
					

					
							
							Feed intake

						
							
							Control

						
							
							30

						
							
							3500.674

						
							
							116.3659

						
							
							21.24540

						
					

					
							
							Probiotic_0.5%

						
							
							19

						
							
							3465.711

						
							
							86.4706

						
							
							19.83772

						
					

					
							
							Probiotic_1.0%

						
							
							35

						
							
							3393.899

						
							
							110.3816

						
							
							18.65789

						
					

					
							
							FCR

						
							
							Control

						
							
							30

						
							
							0.513

						
							
							0.0214

						
							
							0.00391

						
					

					
							
							Probiotic_0.5%

						
							
							19

						
							
							0.555

						
							
							0.0155

						
							
							0.00356

						
					

					
							
							Probiotic_1.0%

						
							
							35

						
							
							0.560

						
							
							0.0270

						
							
							0.00457

						
					

				
			

			Table 5: Assumption checks Homogeneity of variances test (Levene’s).

			
				
					
					
					
					
					
				
				
					
							
							
							F

						
							
							df1

						
							
							df2

						
							
							p

						
					

					
							
							Body weight gain

						
							
							0.661

						
							
							2

						
							
							81

						
							
							0.519

						
					

					
							
							Feed intake

						
							
							1.376

						
							
							2

						
							
							81

						
							
							0.258

						
					

					
							
							FCR

						
							
							2.053

						
							
							2

						
							
							81

						
							
							0.135

						
					

				
			

			The results showed a significant reduction in body weight gain in both Probiotic_0.5% (mean difference = -127, p < 0.001) and Probiotic_1.0% (mean difference = -104.1, p < 0.001) compared to the Control group, indicating that both doses of probiotics significantly lessened body weight gain as compared to the controls. Conversely, there was no significant difference in body weight gain between the Probiotic_0.5% and Probiotic_1.0% groups (mean difference = 22.6, p = 0.351), suggesting that the two doses had similar impacts on body weight gain.

			Table 6: Tukey post-hoc test body weight gain.

			
				
					
					
					
					
					
				
				
					
							
							
							
							Control

						
							
							Probiotic 0.5%

						
							
							Probiotic 1.0%

						
					

					
							
							Control

						
							
							Mean difference

						
							
							—

						
							
							-127

						
							
							-104.1

						
					

					
							
							p-value

						
							
							—

						
							
							<.001

						
							
							<.001

						
					

					
							
							Probiotic 0.5%

						
							
							Mean difference

						
							
							
							—

						
							
							22.6

						
					

					
							
							p-value

						
							
							
							—

						
							
							0.351

						
					

					
							
							Probiotic 1.0%

						
							
							Mean difference

						
							
							
							
							—

						
					

					
							
							p-value

						
							
							
							
							—

						
					

				
			

			Table 7: Tukey post-hoc test feed intake.

			
				
					
					
					
					
					
				
				
					
							
							
							
							Control

						
							
							Probiotic 0.5%

						
							
							Probiotic 1.0%

						
					

					
							
							Control

						
							
							Mean difference

						
							
							—

						
							
							35.0

						
							
							106.8

						
					

					
							
							p-value

						
							
							—

						
							
							0.513

						
							
							<.001

						
					

					
							
							Probiotic 0.5%

						
							
							Mean difference

						
							
							
							—

						
							
							71.8

						
					

					
							
							p-value

						
							
							
							—

						
							
							0.056

						
					

					
							
							Probiotic 1.0%

						
							
							Mean difference

						
							
							
							
							—

						
					

					
							
							p-value

						
							
							
							
							—

						
					

				
			

			The result showed that feed intake was significantly different between the Control and Probiotic_1.0% groups (mean difference = 106.8, p < 0.001), hence indicating that feed intake was significantly increased by 1.0% probiotic supplementation compared with the control group. No significant difference was observed between the Control and Probiotic_0.5% groups (mean difference = 35.0, p = 0.513), however. Also, a difference in feed intake was observed between the Probiotic_0.5% and Probiotic_1.0% groups (mean difference = 71.8), but it was only marginally significant (p = 0.056), implying a possible trend for higher doses of probiotics to increase feed intake, but falling short of the conventional cutoff for statistical significance.

			Table 8: Tukey post-hoc test FCR.

			
				
					
					
					
					
					
				
				
					
							
							
							
							Control

						
							
							Probiotic 0.5%

						
							
							Probiotic 1.0%

						
					

					
							
							Control

						
							
							Mean difference

						
							
							—

						
							
							-0.0415

						
							
							-0.04689

						
					

					
							
							p-value

						
							
							—

						
							
							<.001

						
							
							<.001

						
					

					
							
							Probiotic 0.5%

						
							
							Mean difference

						
							
							
							—

						
							
							-0.00544

						
					

					
							
							p-value

						
							
							
							—

						
							
							0.683

						
					

					
							
							Probiotic 1.0%

						
							
							Mean difference

						
							
							
							
							—

						
					

					
							
							p-value

						
							
							
							
							—

						
					

				
			

			A one-way ANOVA was conducted to evaluate the effect of dietary probiotic supplementation on feed conversion ratio (FCR) in broiler chickens. Statistically significant difference was found between means of FCR across the treatment groups, F(2, 81)=[insert ANOVA F-value], p < 0.001.

			The Tukey HSD post hoc test results showed that the FCR of the control group was significantly lower than those of any probiotic group. The actual mean differences in FCR were the following: control versus 0.5% probiotic, -0.0415 (p < 0.001); control versus 1.0% probiotic, -0.0469 (p < 0.001). This indicates that the birds in the probiotic groups showcased superior feed conversion compared to the control. 

			However, no significant difference was detected between the 0.5% and 1.0% probiotic groups (mean difference = -0.0054, p = 0.683).This suggests a threshold effect beyond which further improvement in FCR did not confirm with an increase in the concentration of the probiotic.

			The reduced FCR implies a better nutrient utilization efficiency in treated groups with probiotics.The facilitated FCR might be due to gut integrity, microbial balance, and nutrient digestibility.Consequently, these results concur with those of previous works reporting improved feed conversions by probiotics.Therefore, practical applications could favor poultry producers to promote probiotics in their diets.There being no difference between the 0.5 and 1.0% groups might support the use of the 0.5% inclusion level for economic reasons.The differences encountered were highly significant with quite narrow confidence intervals, showing that the probably small number of animals used did not influence the results.This brings strength to the evidence that probiotics could be commercially used as functional feed additives for broiler production.Additional studies could focus on gut microbiota interactions, digestive enzyme activity, and immune modulation.The results generally coincide with those from meta-analyses of increased feed efficiency by probiotics.Levene’s test and residuals were used to establish the assumptions for ANOVA and post-hoc testing.Can be summarized that feed conversion in this study was significantly improved using probiotic supplementation in broilers. The 0.5% inclusion level emerges as an optimal and economically viable dietary intervention.

			A contingency table analysis was conducted to examine the effect of probiotic supplementation on broiler mortality. Mortality rates were 10.0% in the control group, 0.0% in the 0.5% probiotic group, and 2.9% in the 1.0% probiotic group. Although the control group exhibited higher mortality, the Chi-square test indicated no statistically significant association between treatment group and mortality outcome, χ²(2, N = 84) = 3.04, p = 0.218.

			Table 9: Contingency tables.

			
				
					
					
					
					
					
				
				
					
							
							
							Mortality

						
					

					
							
							Group

						
							
							
							0

						
							
							1

						
							
							Total

						
					

					
							
							Control

						
							
							Observed

						
							
							27

						
							
							3

						
							
							30

						
					

					
							
							
							Expected

						
							
							28.6

						
							
							1.429

						
							
							30.0

						
					

					
							
							
							% within row

						
							
							90.0%

						
							
							10.0%

						
							
							100.0%

						
					

					
							
							
							% within column

						
							
							33.8%

						
							
							75.0%

						
							
							35.7%

						
					

					
							
							
							% of total

						
							
							32.1%

						
							
							3.6%

						
							
							35.7%

						
					

					
							
							Probiotic 0.5%

						
							
							Observed

						
							
							19

						
							
							0

						
							
							19

						
					

					
							
							Expected

						
							
							18.1

						
							
							0.905

						
							
							19.0

						
					

					
							
							% within row

						
							
							100.0%

						
							
							0.0%

						
							
							100.0%

						
					

					
							
							% within column

						
							
							23.8%

						
							
							0.0%

						
							
							22.6%

						
					

					
							
							% of total

						
							
							22.6%

						
							
							0.0%

						
							
							22.6%

						
					

					
							
							Probiotic 1.0%

						
							
							Observed

						
							
							34

						
							
							1

						
							
							35

						
					

					
							
							Expected

						
							
							33.3

						
							
							1.667

						
							
							35.0

						
					

					
							
							% within row

						
							
							97.1%

						
							
							2.9%

						
							
							100.0%

						
					

					
							
							% within column

						
							
							42.5%

						
							
							25.0%

						
							
							41.7%

						
					

					
							
							% of total

						
							
							40.5%

						
							
							1.2%

						
							
							41.7%

						
					

					
							
							Total

						
							
							Observed

						
							
							80

						
							
							4

						
							
							84

						
					

					
							
							
							Expected

						
							
							80

						
							
							4

						
							
							84

						
					

					
							
							
							% within row

						
							
							95.2%

						
							
							4.8%

						
							
							100.0%

						
					

					
							
							
							% within column

						
							
							100.0%

						
							
							100.0%

						
							
							100.0%

						
					

					
							
							
							% of total

						
							
							95.2%

						
							
							4.8%

						
							
							100.0%

						
					

				
			

			Table 10: χ² tests.

			
				
					
					
					
					
				
				
					
							
							
							Value

						
							
							df

						
							
							p

						
					

					
							
							χ²

						
							
							3.04

						
							
							2

						
							
							0.218

						
					

					
							
							N

						
							
							84

						
							
							
					

				
			

			[image: ] 

			Figure 5: Mortality

			A Chi-square test of independence showed no significant association between dietary treatment groups and mortality rates, χ²(2, N = 84) = 3.04, p = 0.218. This indicates that supplementation with probiotics at 0.5% and 1.0% dosages did not statistically reduce mortality over control.

			DISCUSSION 

			The present study shows that since supplementation of probiotics into broiler diets, there has been an improvement in growth performance, feed efficiency, and even a decrease in mortality rates, thereby providing an empirical basis for the use of probiotics as functional feed additives in poultry production at the commercial level. The addition of probiotics, especially at 0.5%, significantly increased BWG compared to the control. This supported previous studies stating that probiotics enhance gut health, improve nutrient absorption, and reduce pathogenic load, all of which culminate in better growth of broilers (Mountzouris, 2007; Singh et al., 2020). This improved performance can be credited to the probiotic strains like Lactobacillus spp. and Bacillus subtilis in action, modifying intestinal microflora, increasing villus height, and promoting enzymatic activities (Panda et al., 2006).

			Interestingly, probiotic 1.0% gained better BWG over the control, yet, it failed to outdo the 0.5% group. This perhaps indicates the existence of a threshold level beyond which an increase in the dosage of probiotics may result in the loss of its extra value and might even, in certain cases, diminish performance due to changes in gut fermentation dynamics or nutrient competition (Zhou et al., 2010).

			Feed intake (FI) shows a significant slump in the probiotic 1.0% group in comparison to the control; therefore, with moderately high BWG, FCR tends to increase. This observation indicates that although nutrient utilization is perhaps amplified, the energy expenses or palatability factors at a higher level of probiotic inclusion may somehow impede overall efficiency. Consequently, the probiotic 0.5% group maintained the same FI as the control and yielded more BWG, which is therefore registered as the most efficient FCR. 

			A similar observation was reported by Singh et al. (2022): In moderate amounts, probiotic inclusions increased feed efficiency, whereas greater amounts had diminishing effects. Probiotics favor composition and functioning of gut microbiota, reduce subclinical infections, and promote mucosal immunity, all being beneficial for FCR outcomes (Pelicano et al., 2003).

			The probiotic groups, especially with the 0.5% inclusion, showed lower mortalities concerning controls. Because of the smaller number of replicates, there are no statistics about mortality; more so, the observed zero mortality in the probiotic 0.5% group might witness a potential improvement in immune competence, gut barrier functions, and antagonism of enteropathogens such as Clostridium perfringens and E. coli (Kabir, 2009). Hence, lesser mortality directly promotes better production economics and welfare.

			Currently, the findings stress the practical value of optimizing probiotic dosage in commercial broiler diets. While probiotics do measure some small advantages for growth and survivability, higher dosages may not be economically or biologically feasible. Incorporation at 0.5% balances performance improvement with feed efficiency. These results report secondary support to the meta-analytic report from Abdel-Latif (2022), wherein it was also stressed that probiotic activity is strain specific, dose dependent, and dependent on many environmental conditions, thus requiring accurate formulation and field validation. The chief limitation of the present study is its relatively small sample size, particularly in the Probiotic 0.5% group, which could affect the strength of between-group comparisons. Furthermore, microbiological and immunological profiling were not carried out in this study, which could have shed light on the mechanism of probiotic action. Further studies are recommended to conduct synergies between multi-strain probiotics and prebiotics (synbiotics), longitudinal gut microbiota changes, and immune biomarkers so as to set up precision nutrition models in poultry.

			Conclusion

			This controlled field study convincingly indicates that dietary supplementation with probiotics this can significantly increase growth performance, feed efficiency, and survivability of broiler chickens. The 0.5% probiotic level, in particular, produced the best results in respect of body weight gain, feed conversion ratio (FCR), and zero mortality, thereby suggesting its optimality in commercial poultry production.

			It is likely that the improvements came through enhancement of intestinal health, resulting in improved nutrient absorption while modulating the gut microbiota, which in turn permits greater physiological and immune responses. Even though the 1.0% treatment group showed better results when compared with the control, it remained inferior to the 0.5% probiotic, evidently indicating an effect similar to saturation where bigger doses do not yield proportionally bigger benefits and may even slightly contribute to inefficiencies. These findings favor the use of probiotics on a strategic basis as a sustainable and effective option for antibiotic growth promoters in poultry nutrition. However, the dose-dependent nature of their effects requires that formulation be done carefully and take commercial economic viability into consideration. Further investigations using microbiome sequencing, immune biomarker profiling, and large-scale trials are recommended to prove these findings and understand the involved mechanistic pathways.

			In conclusion, probiotic-supplemented diets-use of 0.5% in particular-offer great promise for enhanced broiler productivity and welfare under sustainable, antibiotic-free poultry production.

			ACKNOWLEDGEMENT

			 

			would like to thank everyone who helped me in this study, especially the University of Baghdad, College of Agriculture, Department of Animal Production.

			NOVELTY STATEMENT 

			Probiotic supplementation at ٠.٥٪ significantly enhances broiler performance while maintaining feed efficiency and survivability. These findings support its integration into commercial poultry nutrition as a sustainable growth-promoting strategy. Further studies incorporating microbiota profiling and immune response analysis are warranted to elucidate underlying mechanisms.

			AUTHOR’S CONTRIBUTION

			Review and formulation of experiments, tables, data analysis, and drafting of the manuscript by the author.

			Generative AI and AI-assisted technology statement

			The authors declare that no Genrative AI was used in the creation of this manuscript.

			Conflict of interest

			The author has declared no conflict of interest. 

			REFERENCES

			Abdel-Latif MA (2022). Probiotics in poultry feed: A comprehensive review. Poult. Sci., 101(3): 101725.

			Abdel-Raheem SM, Abd-Allah SM (2012). The effect of single or combined dietary supplementation of mannan oligosaccharide and probiotics on performance and slaughter characteristics of broilers. Int. J. Poult. Sci., 11(6): 414–420.

			Ahiwe EU, Abdallh ME, Wu SB, Iji PA (2021). Probiotics in broiler nutrition. A review. Anim. Nutr., 7(1): 1–15.

			Allen HK, Levine UY, Looft T, Bandrick M, Casey TA (2013). Treatment, promotion, commotion: Antibiotic alternatives in food-producing animals. Trends Microbiol., 21(3): 114–119. https://doi.org/10.1016/j.tim.2012.11.001

			FAO/WHO (2002). Guidelines for the evaluation of probiotics in food. London, Ontario, Canada.

			Gadde U, Kim WH, Oh ST, Lillehoj HS (2017). Alternatives to antibiotics for maximizing growth performance and feed efficiency in poultry: A review. Anim. Health Res. Rev., 18(1): 26-45. https://doi.org/10.1017/S1466252316000207

			Gaggìa F, Mattarelli P, Biavati B (2010). Probiotics and prebiotics in animal feeding for safe food production. Int. J. Food Microbiol., 141(Suppl.): S15–S28. https://doi.org/10.1016/j.ijfoodmicro.2010.02.031

			Hayter AJ (1984). A proof of the conjecture that the Tukey–Kramer multiple comparisons procedure is conservative. Ann. Stat., 12(1): 61–75. https://doi.org/10.1214/aos/1176346392

			Kabir SML (2009). The role of probiotics in the poultry industry. Int. J. Mol. Sci., 10(8): 3531–3546. https://doi.org/10.3390/ijms10083531

			Kizerwetter-Świda M, Binek M (2009). Protective effect of potentially probiotic Lactobacillus strains on infection with Salmonella enterica serovar Enteritidis in broiler chickens. Avian Pathol., 38(3): 195–203.

			Kogut MH (2019). The effect of microbiome modulation on the intestinal health of poultry. Anim. Feed Sci. Technol., 250: 32–40. https://doi.org/10.1016/j.anifeedsci.2018.10.008

			Mountzouris KC (2007). Evaluation of the efficacy of a probiotic containing Lactobacillus, Bifidobacterium, and Enterococcus strains in broiler diets. Poult. Sci., 86(2): 309–317. https://doi.org/10.1093/ps/86.2.309

			Mountzouris KC, Tsirtsikos P, Kalamara E, Nitsch S, Schatzmayr G, Fegeros K (2010). Evaluation of the efficacy of a probiotic containing Lactobacillus, Bifidobacterium, Enterococcus and Pediococcus strains in promoting broiler performance and modulating cecal microflora composition and metabolic activities. Poult. Sci., 89(1): 58–67.

			Pan D, Yu Z (2014). Intestinal microbiome of poultry and its interaction with host and diet. Gut Microbes, 5(1): 108–119. https://doi.org/10.4161/gmic.26945.

			Panda AK, Rao, SVR, Raju MVLN, Sharma SR(2006). Effect of probiotic supplementation on growth, gut microflora and immune response in broilers. J. Poult. Sci., 43(2): 235–240. https://doi.org/10.2141/jpsa.43.235

			Pelicano ERL, De Souza PA, De Souza HBA, Oba A, Norkus EA, Kodawara LM (2003). Effect of different probiotics on broiler carcass and meat quality. Braz. J. Poult. Sci., 5(3): 207–214. https://doi.org/10.1590/S1516-635X2003000300009

			Rahimi S, Pourreza J, Torshizi MAK, Omidbaigi R (2020). Effect of diet supplemented with prebiotic, probiotic and synbiotic on performance and intestinal microflora in broiler chickens. Poult. Sci. J., 8(1): 65–74.

			Roto SM, Rubinelli PM, Ricke SC (2015). Probiotics and alternative strategies for limiting antibiotic use in poultry. Poult. Sci., 94(6): 1333–1349.

			Ruxton GD (2006). The unequal variance t-test is an underused alternative to Student’s t-test and the Mann–Whitney U test. Behav. Ecol., 17(4): 688–690. https://doi.org/10.1093/beheco/ark016

			Singh M,  Bansal GR, Sachan N (2020). Probiotic supplementation and the performance of broiler chickens. Anim. Nutr., 6(4): 309–316.

			Singh M,  Bansal GR, Sachan N (2022). Effects of probiotic supplementation on performance, immune response and gut morphology in broiler chickens. Vet. World, 15(4): 899–907.

			Wang Y, Xu B, Li J (2017). Effects of probiotics on growth performance, immune response and antioxidant capacity in broiler chickens. Poult. Sci., 96(12): 4174–4181.

			Zhou X, Wang Y, Gu Q, Li W  (٢٠١٠). Effects of different dietary levels of probiotics on broiler performance and intestinal microbiota. Anim. Feed Sci. Technol., ١٥٩(٣–٤): ٢٥٣–٢٥٨.

		

	OEBPS/image/Image11444808.png
per = Lol FeedIntake (g)
"~ Total Body Weight Gain (g)





OEBPS/image/Image11536891.png
i ‘AL
c 1500 Control
]
wl
2 e
z
£ 3
s O e 050
) Probiotc_0.5%
>
N ‘LA
0 Probiotic_1.0%
Probiotc_0.5%= Probiotic_1.0% 1600 1700 1800 1900 2000
Group Body_Weight_Gain
B Contol Probie 05%7 Probie_10%
o k|
3 e .
31
]
§ o 3, .
LR
5. 8 (
§ T2 >
K
o
Ll 5° .
Ot Prbionc 0582 Pt 10% 0
oo 2 4 0 1 202 4 0 1 202 A 0

Theoretical Quanties





OEBPS/image/Image11444839.png
30

Counts

10

Control

Probiotic_0.5% Probiotic_1.0%
Group

Mortality
o
o





OEBPS/image/Image11536893.png
04

FCR

02

00

Control
) *
i Pobete 0542

Protiotc_05%=
Group

Probiotc_10%

Standardized Residuals

Control
o
Ey
<3
o)
Probiotic_0.5%
Probiotic_1.0% 1
045 050 055 060
FCR
Contol Probitic_1 0%
.
d
.
2 4 0t 2 2 4 0 1 2 4 0

Theoretical Quantiles





OEBPS/image/1.png
OPEN aACC ESS Journal of Animal Health and Production

Gheck for
updates.

Special Issue:
Emerging and Re-emerging Animal Health Challenges in Low and Middle-Income Countries

Optimizing Feed Efficiency and Growth Performance in Broiler
Chickens Using Probiotic-Supplemented Diets
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Abstract | In the pursuit of sustainable poultry production, probiotics have emerged as viable alternatives to antibiotic
growth promoters. This study evaluates the impact of dietary probiotic supplementation on growth performance, feed
efficiency, and survivability in broiler chickens under controlled field conditions. A total of 84 broiler chickens were
randomly assigned to three groups: Control (basal diet), Probiotic 0.5% (basal diet + 0.5% probiotic), and Probiotic
1.0% (basal diet + 1.0% probiotic). Growth performance indicators, including body weight gain (BWG), feed intake
(FI), feed conversion ratio (FCR), and mortality, were measured over a 35-day period. Statistical analysis involved
Welch’s ANOVA followed by Tukey’s post-hoc tests. Probiotic supplementation significantly affected BWG (F(2,
50.2) = 48.39, p < 0.001), FI (F(2, 49.8) = 7.57, p = 0.001), and FCR (F(2, 52.4) = 40.80, p < 0.001). The Probiotic
0.5% group demonstrated the highest BWG (1921 g), optimal FI (3466 g), and zero mortality, indicating superior
performance. Tukey’s test revealed that both probiotic groups significantly outperformed the control in BWG (p <
0.001). However, FCR was least efficient in the 1.0% group despite reduced FI, suggesting diminishing returns at
higher probiotic concentrations. Probiotic supplementation at 0.5% significantly enhances broiler performance while
maintaining feed efficiency and survivability. These findings support its integration into commercial poultry nutrition
as a sustainable growth-promoting strategy. Further studies incorporating microbiota profiling and immune response
analysis are warranted to elucidate underlying mechanisms.
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INTRODUCTION

the need for sustainable antibiotic-free method of poultry
production is more heightened than ever before (Gadde o7
al.,2017; Allen et al.,2013). Alternative growth-promoting
agents have, therefore, become necessary to be searched for,

Poultry production is truly the nucleus of food
production, contributing heavily to the animal protein

supply, and the fast-growing broiler chickens hold the
major share, given their speedy growth rate, swift feed
conversion, and cheaper method of production. However,
with increasing concern on antimicrobial resistance, the
imposition of regulatory measures, and consumer demand,

and probiotics seem to be promoting a natural means of
increasing FCR, growth performance, and general health
condition of broiler chickens.

According to the FAO and WHO (2002), probiotics are
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