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 Water and feed intake are critical for broiler growth, thermoregulation, 

and physiological balance. This study assessed the effects of N. brachypus 

supplementation, administered through different methods, on 

voluntary feed intake (VFI), voluntary water intake (VWI), and growth 

performance in broiler chickens. Five treatment groups were evaluated: 

a control group (E0) without supplementation, N. brachypus in feed 

without a vitamin-mineral premix (E1), only the premix in feed (E2), N. 

brachypus in drinking water with the premix in feed (E3), and both N. 

brachypus and the premix in feed (E4). A total of 400 Cobb 500 broiler 

chicks were assigned to five experimental groups, each subdivided into 

four replicates (n = 20). Data on VFI and VWI were collected daily, and 

weight gain was recorded weekly. Statistical analysis revealed 

significant differences among treatments. The highest VWI was recorded 

in E3 (1791.66± 84.95mL), while the lowest was in E2 (1484.08± 84.95mL). 

Feed intake was highest in E1 (945.10± 43.78g), whereas E3 had the 

lowest (800.22± 43.78g). Growth performance followed the trend E3 > E4 

> E2 > E1 > E0, with E3 achieving the highest weight gain (2589± 43.78g) 

at week 5. These results suggest that N. brachypus supplementation, 

particularly in drinking water, enhances hydration, feed utilisation, and 

overall broiler performance. 
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INTRODUCTION 

Enhancing growth rates, improving feed conversion efficiency, and reducing disease 

occurrence are essential aspects of broiler production (Khan et al., 2022). Traditionally, 

antibiotic growth promoters (AGPs) have been used to achieve these goals; however, 

their prolonged application has raised significant concerns regarding antimicrobial 

resistance (AMR), environmental pollution, and the presence of antibiotic residues in 

poultry products (Adli et al., 2024). The overuse of AGPs in animal agriculture has 

contributed to the emergence of antibiotic-resistant bacteria, which pose a major threat 

to both animal and human health (Van Boeckel et al., 2015). As a result, researchers 

and poultry producers are increasingly exploring natural alternatives to promote 

broiler performance while maintaining food safety and environmental sustainability 

(Gadde et al., 2017). 

Among the emerging phytogenic feed additives, N. brachypus has the potential to 

enhance broiler productivity. This herbal plant is known to contain bioactive 

compounds including flavonoids, alkaloids, and phenolic compounds, which exhibit 

antimicrobial, antioxidant, anthelmintic, and anti-inflammatory properties 

(Murungweni et al., 2012). These compounds may help reduce oxidative stress, 

improve metabolic efficiency, and strengthen the immune system in poultry. 

Phytogenic additives such as N. brachypus have been proposed as environmentally 

friendly alternatives to AGPs, helping to reduce antibiotic dependence and mitigate 

the risks of environmental contamination associated with conventional poultry 

production (Choe et al., 2010). 

In addition to N. brachypus, other plant based herbal supplements, including ginger 

(Zingiber officinale), garlic (Allium sativum), and Aloe vera, have been extensively studied 

for their beneficial effects in poultry production (Vlaicu et al., 2021). These phytogenic 

additives promote the growth of beneficial gut microbiota, improve intestinal 

integrity, and enhance nutrient absorption (Windisch et al., 2008). Unlike AGPs, which 

may disrupt gut microbiota and impair immune function, these natural compounds 

help maintain microbial balance, reduce inflammation, and support overall broiler 

health. Their antimicrobial and antioxidant properties have been linked to improved 

feed efficiency, reduced disease incidence, and enhanced broiler performance (Hafeez 

et al., 2020). 

The shift toward plant-based growth enhancers offers a sustainable and effective 

strategy for optimizing broiler production while addressing concerns related to AGP 

use. This study explores the impact of N. brachypus supplementation on broiler growth 

performance, evaluating its potential as a natural alternative to synthetic growth 

promoters. It was envisaged that N. brachypus supplementation would positively 

influence broiler growth performance by enhancing feed conversion efficiency, 
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promoting gut health, and strengthening immune responses, thereby offering a viable 

natural alternative to synthetic growth promoters. 

MATERIALS and METHODS 

Ethical Statement  

The experimental procedures involving broiler chickens were conducted in strict 

compliance with the ethical guidelines outlined in Irvine’s Broiler Production Handbook 

(2015) to ensure optimal animal welfare and husbandry practices. Specific approval 

for all animal handling, care, and experimental protocols employed in this study was 

obtained from the National Animal Research Ethics Committee (NAREC) - Reference 

Number NAREC/012/24. 

Description of the Study Site 

The study was conducted at Henderson Research Institute, approximately 30 km north 

of Harare in the Mazowe Valley (17.35°S, 30.58°E; 1,200 m above sea level). The site is 

located in Agro-ecological Region IIb, characterised by moderate to high annual 

rainfall averaging 801 mm, predominantly between November and April (Mugandani 

et al. 2012). The area has a subtropical climate, with temperatures ranging from 15 to 

31 °C. The coldest period occurs between May and July (mean 11 °C), while the 

warmest period spans October to February (mean 30.5 °C). During the experimental 

period, recorded minimum and maximum temperatures were 13 °C and 27.5 °C, 

respectively. 

Experimental Design 

The study evaluated the efficacy of Neorautanenia brachypus root powder as a 

phytogenic feed additive in broiler production using a Randomised Complete Block 

Design (RCBD). Blocking was applied to account for environmental variability within 

the facility, including pen location, ventilation, and lighting, with treatments 

randomly allocated within blocks. This design minimised confounding effects and 

ensured that observed performance differences were attributable primarily to dietary 

treatments. 
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Experimental Groups 

The independent variable under investigation was the dietary supplementation 

regimen. The treatments were formulated to assess the effects of N. brachypus 

potentially in different forms and/or combinations as a replacement or supplement to 

Antibiotic growth promoters and therapeutic antibiotics. A total of five dietary 

treatments were formulated and randomly allocated to the experimental units. Each 

experimental treatment consisted of; n= 4 replicates, each replicate (pen) consisted of 

20 chicks housed in a single pen. The treatments were replicated four times across the 

blocks, ensuring an adequate number of observations for statistical analysis. This 

structure resulted in a total of 20 experimental pens. 

The five experimental groups were distinguished by the mode of inclusion or 

exclusion of the N. brachypus supplement and the vitamin-mineral premix (VMP). This 

factorial arrangement allowed for the clear establishment of the specific effect of each 

component. 

The chicks were randomly allocated to five experimental groups, each consisting of 

four replicates (n = 20 chicks per replicate), with a total of 20 pens (2.5 m² each). The 

experimental groups and corresponding treatments were as follows: 

The effects of phytogenic feed additives are dose-dependent, requiring empirical 

validation to identify the level that maximises efficacy without adverse effects. In this 

study, the inclusion rate of 2 g/kg of Neorautanenia brachypus tuber powder was 

selected based on two unpublished pilot trials conducted by the researcher prior to the 

main experiment. The first preliminary investigations systematically evaluated 

multiple inclusion levels (1 g/kg, 2 g/kg, and 3 g/kg) across key performance indicators. 

The preliminary study identified 2 g/kg as the optimum inclusion rate for achieving 

significant improvements in growth performance, without adverse effects on feed 

palatability or bird health (Musekiwa et al., 2022). Additionally, the second study 

comparatively assessed between raw tuber powder and solvent-extracted fractions, 

the research revealed no statistically significant differences in efficacy, indicating that 

the bioactive compounds responsible for the observed benefits are effectively retained 

in the raw powdered form (Chereni et al., 2024). Consequently, the present study 

adopted the raw powder format at the validated inclusion level of ensuring practical 

applicability, and cost-effectiveness.  

E0 (Control Group): Chicks received a standard basal diet with no inclusion of N. 

brachypus and no vitamin-mineral mix. This group served as the baseline for 

comparison of the effects of N. brachypus supplementation. 

E1  Chicks were fed a basal diet supplemented with 2g/kg of N. brachypus powder 

without any added vitamin and mineral mix in the diet. This group would help to 

determine the effect of N. brachypus supplementation alone. 
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E2 Chicks were fed a basal diet with no N. brachypus but supplemented with a 

vitamin and mineral mix. This group isolated the effect of the vitamin and mineral mix 

in the absence of N. brachypus. 

E3 Chicks were provided 2g/litre N. brachypus powder in drinking water, with a 

vitamin and mineral mix incorporated into the feed. This way, we investigated the 

combined effect of water-soluble N. brachypus and the vitamin and mineral mix. 

E4 Chicks were fed 2g/kg N. brachypus powder mixed directly into the feed, along 

with a vitamin and mineral mix. This group evaluated the effect of N. brachypus and 

the vitamin and mineral mix when combined in the feed. 

The pens were divided into 2 blocks with house side as the blocking factor, and each 

block housed 10 replicates, ensuring random assignment of chicks to the different 

treatments. The chicks in each pen were equipped with feeders and drinkers to ensure 

ad libitum access to feed and water for the 35 days duration of the study. 

Housing and Temperature Control 

The chicks were housed in a deep litter system, where bedding consisted of a 10 cm 

thick layer of wheat straw. This system was chosen for its ability to maintain a stable 

microenvironment for the chicks. The poultry house was divided into 20 equal-sized 

pens, each measuring 1.5 m², in accordance with the experimental design. These pens 

were assigned to the five treatment groups, with each group further subdivided into 

four replicates (n = 20 chicks per replicate). The pens were located within a well-

ventilated, temperature-controlled environment to maintain the optimal conditions for 

growth and development. 

Supplementary heat was provided during the early life stages to meet the chicks’ 

physiological needs. House temperature was set at 33 °C on day one and reduced by 

3 °C weekly to reflect the birds’ increasing thermoregulatory capacity. From 

approximately day 22, the finisher phase temperature was maintained at 24 °C until 

the end of the study, as this is optimal for broiler growth and feed efficiency. 

Continuous lighting was used to promote feed intake and rapid growth in Cobb 500 

broilers. 150 W infrared lamps were placed above the pens to provide both heat during 

brooding and constant light. The lamps operated 24 hours a day throughout the study 

to encourage continuous feeding and maximize growth performance. 
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Vaccination and Health Management 

In accordance with established poultry health protocols, broilers in the experimental 

groups E0 (negative control) and E2 (positive control) which had zero inclusion of N. 

brachypus were subjected to a vaccination schedule adhered to in order to prevent 

common avian diseases. Both control groups contained no Neorautanenia brachypus. 

The positive control received a conventional diet containing a vitamin–mineral 

premix, while the negative control was fed a basal diet without premix. Birds in both 

control treatments were vaccinated in accordance with standard poultry health 

protocols. Vaccination against Infectious Bursal Disease was administered using the 

Gumboro D78 vaccine on days 12 and 16, and Newcastle Disease vaccination (Clone 

30) was given on day 21. Uniform vaccination ensured that treatment effects were 

attributable to dietary differences rather than disease management. 

Feeding Program 

The broiler chicks were subjected to a two-phase feeding program consisting of a 

starter phase (0–21 days) and a finisher phase (22–35 days). This two-phase program 

was employed to optimize growth performance and feed efficiency during the 

different developmental stages of the chicks. The formulation of the diets was based 

on established nutritional requirements for broiler chickens, with specific inclusion 

levels of ingredients as per the treatments. 

The broilers were provided with ad libitum access to feed and water throughout the 

experimental period. The ingredients and nutritional compositions of the starter and 

finisher diets are presented in Table 1. 

Table 1. Ingredient composition (g/kg) of the standard starter/finisher diet provided to 

the experimental broilers 

 

Ingredient 

Inclusion levels (g/kg dm) 

E0 E1 E2 E3 E4 

Energy (Maize) 12/13 12/13 12/13 12/13 12/13 

Crude protein (soya beans) 22/18 22/18 22/18 22/18 22/18 

Fat kg (sunflower) 2.5 2.5 2.5 2.5 2.5 

Fiber 5/6 5/6 5/6 5/6 5/6 

Calcium 1.2 1.2 1.2 1.2 1.2 

Phosphorous 0.6/5.5 0.6/5.5 0.6/5.5 0.6/5.5 0.6/5.5 

Vitamin- mineral mix 0 0 0.5 0.5 0.5 

Lysine 1.2/1 1.2/1 1.2/1 1.2/1 1.2/1 

N. brachypus 0 2g/kg 
 

2g/L 2g/kg 
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Statistical Analysis 

Data on the daily feed VFI and VWI of broiler chickens were analysed using the 

Statistical Analysis System SAS software (Version 9.4; SAS Institute Inc., Cary, NC, 

USA). Least square means were compared using the PDIFF option.  

The model Yijk = μ + Bi + Tj + (B×T)ij + Eijk was used where:  

Yijk is the observation on feed intake, weight gain, and feed conversion ratio (FCR) for 

the ith broiler in block k under treatment j,  

μ  is the overall mean of all broilers across all blocks and treatments, 

Bk  is being the effect of the kth block (the location of the replicate in the broiler house),  

Tj  is the effect of the jth treatment (different levels or forms of administering N. 

brachypus), (B×T)kj is the interaction effect between blocks and treatments, accounting 

for how different treatments may respond differently across blocks and  

Eijk is the random residual error term, capturing random variations.  

A probability level of 0.05 was used as the threshold for statistical significance, 

meaning any p-value below 0.05 would be considered evidence of a significant 

difference between treatments or blocks. 

RESULTS and DISCUSSION 

Dietary Effects on Feed and Water Intake 

As illustrated in Figure 1 Broilers in the control group (E0), which were fed a basal diet 

without N. brachypus supplementation or a vitamin-mineral mix, exhibited a VWI of 

1657.15 ± 84.95 mL and a VFI of 849.18 ± 43.78 g. This serves as the reference for 

evaluating deviations in feed and water intake across the different treatments. Birds in 

Treatment E1, which received N. brachypus supplementation in feed at 2 g/kg without 

the vitamin-mineral mix, exhibited the highest VFI (945.10 ± 43.78 g, p < 0.01). This 

increase suggested that N. brachypus may contain plant-derived bioactive compounds, 

particularly phenolic compounds that enhance feed palatability, thereby stimulating 

greater consumption (Corino et al., 2021). Despite increased feed intake, VWI in E1 

slightly decreased to 1619.48 ± 84.95 mL, which may indicate enhanced digestive 

efficiency, reducing the need for excessive water intake. The phenolic compounds in 

N. brachypus could potentially modulate gastrointestinal function, leading to improved 

nutrient absorption and lower water excretion demands. 

Treatment E2, which included only the vitamin-mineral mix in feed, demonstrated a 

marked reduction in both VWI (1484.08 ± 84.95 mL) and VFI (833.65 ± 43.78 g). The 

lower feed consumption suggests that while the vitamin-mineral mix provides 

essential micronutrients, it may negatively impact diet palatability, leading to a 
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reduction in intake. This aligns with previous findings indicating that excessive 

supplementation with inorganic minerals can sometimes reduce feed intake due to 

altered taste or digestive discomfort (Kikusato, 2021). The reduced feed intake in E2 

corresponded with a decline in water consumption, reaffirming the well-established 

principle that water intake is often proportional to feed intake in poultry. 

A distinct trend was observed in Treatment E3, where N. brachypus was supplemented 

in drinking water while the vitamin-mineral mix was included in feed. Birds in this 

group exhibited the highest VWI (1791.66 ± 84.95 mL), suggesting that N. brachypus in 

water enhanced drinking behavior. This increase in water intake may be attributed to 

the bioactive compounds present in N. brachypus, which could influence thirst 

regulation or enhance water palatability. However, VFI in E3 was significantly 

reduced (800.22 ± 43.78 g), implying a compensatory mechanism in which the birds 

may have obtained certain nutrients directly from the water supplement. This aligns 

with findings from Sánchez et al. (2025), who reported that water-soluble bioactive 

compounds can contribute to nutrient availability, potentially reducing the demand 

for solid feed intake. Furthermore, N. brachypus is suggested to contain energy and 

protein nutrients, which might have contributed to the observed reduction in feed 

intake due to nutrient sufficiency from the drinking water. 

In Treatment E4, where both N. brachypus and the vitamin-mineral premix were 

incorporated into feed, VWI (1650.00 ± 84.95 mL) remained comparable to the control 

group, while VFI (833.42 ± 43.78 g) was significantly lower than in E1 (p < 0. 01). This 

suggests a potential interaction between N. brachypus and the vitamin-mineral mix, 

which may have influenced feed palatability and subsequent intake patterns. Some 

bioactive compounds in N. brachypus might interact with minerals, affecting their 

bioavailability or altering the sensory attributes of the feed (Alagawany et al., 2019). 

The balance between palatability and nutrient sufficiency may have led to moderated 

intake levels compared to E1, where N. brachypus was the sole supplement. 

The variations in VWI and VFI across treatments highlight the intricate relationship 

between hydration and nutritional intake in broilers. While it is generally expected 

that increased feed consumption corresponds with increased water intake, the present 

study indicates that supplementation with N. brachypus and vitamin-mineral mixes 

modulated this relationship in different ways as indicated in Figure 1. 
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Figure 1. Physiological Implications of N. brachypus Supplementation on voluntary 

Water and Feed Intake of broilers 

The Effect of Dietary Supplementation with Neorautanenia. Brachypus on Growth 

Performance of Broiler Chickens 

The study findings showed the significant role of N. brachypus supplementation in 

enhancing broiler growth performance, with the order of efficacy observed as E3 > E4 

> E2 > E1 > E0. The results in Figure 2 demonstrate that the mode of N. brachypus 

administration plays a crucial role in determining growth outcomes, with water-based 

supplementation (E3) yielding the most substantial improvements. 

The superior growth observed in the E3 group (2589.08 ± 88.93 g at week 5) suggests 

that water-based administration at 2 g/L enhances the bioavailability and absorption 

of N. brachypus, thereby facilitating better nutrient utilization. This finding aligns with 

previous studies that indicate improved bioavailability of plant-based supplements 

when administered in liquid form due to enhanced gut absorption and microbial 

modulation (Zanu et al., 2017). The feed-based administration (E4) also supported 

significant weight gain but remained slightly less effective than E3, likely due to lower 

solubility and delayed digestion of active compounds in the feed matrix (Hajati et al., 

2010). 

The moderate improvement observed in E1 (1589 ± 88.93 g at week 5) relative to the 

control (E0, 1307 ± 88.93 g) underscores the potential of N. brachypus alone in 
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promoting growth, albeit less effectively without concurrent vitamin and mineral 

supplementation. The higher weight gain in E2 (2146 ± 88.93 g at week 5) compared to 

E1 highlights the complementary role of vitamin and mineral premixes in optimizing 

growth, consistent with previous research demonstrating their essential contribution 

to metabolic efficiency and skeletal development in broilers (Abbas et al., 2022). 

The statistical significance (p < 0.01) of the differences among treatments reinforces the 

efficacy of N. brachypus supplementation, particularly when administered in water. 

This observation supports the hypothesis that liquid administration enhances nutrient 

absorption, possibly due to the solubilization of bioactive compounds that facilitate 

rapid metabolic utilization (Zhang et al., 2021). Future research should explore the 

mechanistic pathways through which N. brachypus enhances growth performance, 

including its impact on gut microbiota, enzymatic activity, and immune function. 

Figure 2 below highlights that experimental group E3 which received N. brachypus 

administration in water and mineral and vitamin premix in feed, as significantly 

higher in weight gain compared to the control treatment, as well as E1, E2, and E4. 
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Figure 2. Dietary Interventions of N. brachypus on Comparative Growth Patterns over  

Time 
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CONCLUSION AND RECOMMENDATIONS 

The results of this study highlight the significant influence of N. brachypus 

supplementation on voluntary feed intake (VFI) and voluntary water intake (VWI) in 

broiler chickens. The mode of administration played a crucial role in determining the 

extent of these effects. Notably, the highest feed intake was recorded when N. 

brachypus was included in feed without a vitamin-mineral premix (E1), suggesting that 

the plant possesses properties that enhance palatability and stimulate feed 

consumption. On the other hand, the highest water intake was observed when N. 

brachypus was provided in drinking water alongside the vitamin-mineral premix (E3), 

indicating a potential synergistic effect that promotes hydration. 

These findings emphasize the complex interplay between water and feed intake, 

where increased hydration was often associated with reduced feed consumption and 

vice versa. The inclusion of N. brachypus in feed demonstrated beneficial effects on feed 

intake, while its administration through drinking water led to a higher VWI but a 

reduction in feed intake. This suggests that the form in which N. brachypus is 

administered significantly influences its efficacy as a feed additive. The study also 

showed that when N. brachypus was combined with a vitamin-mineral premix in feed 

(E4), feed intake was reduced, indicating a possible interaction between these dietary 

components that may affect palatability or digestion. 

Based on these findings, several recommendations can be made to optimize the use of 

N. brachypus in broiler production. First, the method of administration should be 

carefully considered to maximize its benefits. Incorporating N. brachypus into feed at 

an optimal level, such as 2 g/kg, is recommended to enhance feed intake and improve 

broiler performance. If administered through drinking water, attention should be 

given to its concentration and potential effects on feed intake to avoid unintended 

reductions in nutrient consumption. 

The study demonstrated that N. brachypus supplementation significantly enhances the 

growth performance of broiler chickens, with the mode of administration playing a 

crucial role in determining the degree of growth enhancement. The water-based 

administration of N. brachypus proved to be the most effective strategy, yielding the 

highest weight gain over time. This underscores the importance of not only the 

additive itself but also the manner in which it is delivered to the animals. By 

optimizing the administration of N. brachypus and integrating it into well-balanced 

diets, poultry producers can improve growth performance, feed utilization, and 

ultimately, the sustainability of broiler production. 

In addition to its potential as a growth enhancer, N. brachypus aligns with the principles 

of sustainable poultry production by serving as a natural alternative to antibiotic 

growth promoters (AGPs). Given its bioactive properties, it can contribute to reducing 

antibiotic dependence, promoting gut health, and minimizing environmental 
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contamination. Poultry producers are encouraged to adopt phytogenic feed additives 

such as N. brachypus to improve production efficiency while maintaining food safety 

and sustainability. 

ACKNOWLEDGEMENTS 

The authors express their gratitude to Mr. T. Shumba, Head of the Henderson Poultry 

Section at Henderson Research Institute, as well as Mr. C. Botman, Mr. I., Mr. P. 

Chigendele, and Mrs. D. Mangoti for their invaluable support and cooperation in data 

collection and capturing during the broiler growth experimental trial. 

Authors’ Contribution 

FM conceptualized the project, designed the study, and oversaw its execution. TM and 

FM provided supervision throughout the experimental process. FM, TM, and GM 

collaborated on drafting, reviewing, and refining the manuscript. 

Conflict of Interest  

We hereby confirm that there are no conflicts of interest, whether financial, personal, 

or otherwise, with any individuals or organizations related to the content presented in 

this manuscript.  

REFERENCE 

Abbas G, Arshad M, Saeed M, Imran S, Kamboh AA, Al-Taey DK, Aslam MA, Imran 

MS, Ashraf M, Asif M, Tanveer AJ, Qureshi RAM, Arshad M, Niazi HAK, Tariq M, 

Abbas S., 2022. An update on the promising role of organic acids in broiler and layer 

production. J. Anim. Health Prod., 10(3): 273–286. 

http://dx.doi.org/10.17582/journal.jahp/2022/10.3.273.286 

Adli, D.N., Sholikin, M.M., Ujilestari, T., Ahmed, B., Sadiqqua, A., Harahap, M.A., 

Sofyan, A. and Sugiharto, S., 2024. Effect of fermentation of herbal products on growth 

performance, breast meat quality, and intestinal morphology of broiler chickens: a 

meta-analysis. Italian Journal of Animal Science, 23(1):734-750. 

https://doi.org/10.1080/1828051X.2024.2351441 

Alagawany M, Elnesr SS, Farag MR., 2019. Use of liquorice (Glycyrrhiza glabra) in 

poultry nutrition: Global impacts on performance, carcass and meat quality. World's 

Poultry Science Journal, 75(2):293-304. https://doi.org/10.1017/S0043933919000059 

http://dx.doi.org/10.17582/journal.jahp/2022/10.3.273.286
https://doi.org/10.1080/1828051X.2024.2351441
https://doi.org/10.1017/S0043933919000059


 Musekiwa et al. / J. Agric. Food, Environ. Anim. Sci. 7(2): 1-14, 2026  

 
 

13 
 

Choe DW, Loh TC, Foo HL, Hair-Bejo M, Awis QS., 2012. Egg production, faecal pH 

and microbial population, small intestine morphology, and plasma and yolk 

cholesterol in laying hens given liquid metabolites produced by Lactobacillus 

plantarum strains. Br. Poult. Sci., 53(1): 106–115. 

https://doi.org/10.1080/00071668.2012.659653 

Corino C, Di Giancamillo A, Modina SC, Rossi R., 2021. Prebiotic effects of seaweed 

polysaccharides in pigs. Animals, 11(6): 1573. https://doi.org/10.3390/ani11061573 

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 

Hafeez A, Sohail M, Ahmad A, Shah M, Din S, Khan I, Khan RU., 2020. Selected herbal 

plants showing enhanced growth performance, ileal digestibility, bone strength and 

blood metabolites in broilers. J. Appl. Anim. Res., 48(1): 448–453. 

https://doi.org/10.1080/09712119.2020.1818569 

Hajati H, Rezaei M., 2010. The application of prebiotics in poultry production. Int. J. 

Poult. Sci., 9(3): 298–304. https://doi.org/10.3923/ijps.2010.298.304 

Khan RU, Fatima A, Naz S, Ragni M, Tarricone S, Tufarelli V. 2022. Perspective, 

opportunities and challenges in using fennel (Foeniculum vulgare) in poultry health 

and production as an eco-friendly alternative to antibiotics: A review. Antibiotics, 

11(2): 278. https://doi.org/10.3390/antibiotics11020278 

Mugandani R, Wuta M, Makarau A, Chipindu B., 2012. Re-classification of agro-

ecological regions of Zimbabwe in conformity with climate variability and change. Afr. 

Crop Sci. J., 20: 361–369. https://doi.org/10.4314/acsj.v20i2 

Murungweni C, Andersson JA, van Wijk MT, Gwitira I, Giller KE., 2012. Zhombwe 

(Neorautanenia brachypus) a recent discovery for mitigating effects of drought on 

livestock in semi-arid areas of Southern Africa. Ethnobot. Res. Appl., 10: 199–212. 

https://ethnobotanyjournal.org/index.php/era/article/view/618 

Sánchez-Gutiérrez M, Gómez-García R, Carrasco E, Rodríguez A, Pintado M., 2025. 

Bioactive potential of olive leaf by-product throughout in vitro gastrointestinal 

digestion. Foods, 14(4), p.563. https://doi.org/10.3390/foods14040563 

Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, 

Laxminarayan R., 2015. Global trends in antimicrobial use in food animals. Proc. Natl. 

Acad. Sci. USA, 112(18): 5649–5654. https://doi.org/10.1073/pnas.1503141112 

Vlaicu PA, Panaite TD, Turcu RP. 2021. Enriching laying hens eggs by feeding diets 

with different fatty acid composition and antioxidants. Sci. Rep., 11: 20707. 

https://doi.org/10.1038/s41598-021-00343-1 

https://doi.org/10.1080/00071668.2012.659653
https://doi.org/10.3390/ani11061573
https://doi.org/10.1017/S1466252316000207
https://doi.org/10.1080/09712119.2020.1818569
https://doi.org/10.3923/ijps.2010.298.304
https://doi.org/10.3390/antibiotics11020278
https://doi.org/10.4314/acsj.v20i2
https://ethnobotanyjournal.org/index.php/era/article/view/618
https://doi.org/10.3390/foods14040563
https://doi.org/10.1073/pnas.1503141112
https://doi.org/10.1038/s41598-021-00343-1


 Musekiwa et al. / J. Agric. Food, Environ. Anim. Sci. 7(2): 1-14, 2026  

 
 

14 
 

Windisch W, Schedle K, Plitzner C, Kroismayr A., 2008. Use of phytogenic products as 

feed additives for swine and poultry. J. Anim. Sci., 86(E14): E140–E148. 

https://doi.org/10.2527/jas.2007-0459 

Zan HK, Azameti MK, Asare D., 2017. Effects of dietary inclusion of cassava root flour 

in broiler diets on growth performance, carcass characteristic and haematological 

parameters. Int. J. Livest. Prod., 8(3): 28–32. https://doi.org/10.5897/IJLP2015.0222 

Zhang X, Zhao Q, Wen L, Wu C, Yao Z, Yan Z, Li R, Chen L, Chen F, Xie Z, Chen F, 

Xie Q., 2021. The effect of the antimicrobial peptide Plectasin on the growth 

performance, intestinal health, and immune function of yellow-feathered chickens. 

Front. Vet. Sci., 8: 688611. https://doi.org/10.3389/fvets.2021.688611 

https://doi.org/10.2527/jas.2007-0459
https://doi.org/10.5897/IJLP2015.0222
https://doi.org/10.3389/fvets.2021.688611

