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Abstract: Broiler chicken production efficiency is a critical concern in the poultry industry.
Enhancing growth performance while maintaining the health and welfare of birds is paramount
for sustainable and profitable production. This study aimed to investigate the effects of phytase
and chelated mineral supplementation on organ weight, bone mineralization, and productivity
indicators in broiler chickens. A total of 300 one-day-old Ross 308 broiler chicks were
randomly assigned to three dietary treatment groups: a control group receiving a basal diet, a
group supplemented with phytase, and a group supplemented with chelated minerals. The
experiment lasted for 42 days, during which various parameters were measured. Results
revealed that both phytase and chelated mineral supplementation significantly influenced organ
weight and bone mineralization in broiler chickens. Birds receiving phytase supplementation
exhibited increased organ weights, including liver and spleen, indicating improved organ
development and functionality. Additionally, phytase supplementation positively affected bone
mineralization, as evidenced by higher bone mineral density and bone ash content compared
to the control group. Similarly, chelated mineral supplementation demonstrated beneficial
effects on organ weight and bone mineralization in broiler chickens. Birds supplemented with
chelated minerals exhibited enhanced organ development and increased bone mineral density
and ash content compared to the control group.

Keywords: Broiler chickens, Phytase supplementation, Chelated mineral supplementation,
Organ weight, Bone mineralization

l. Introduction

Broiler chicken production plays a pivotal role in meeting global demands for high-quality
protein sources. With the increasing human population and dietary preferences shifting towards
protein-rich diets, the efficiency and sustainability of broiler chicken production have become
paramount. Achieving optimal growth performance, skeletal health, and overall productivity
while ensuring animal welfare is a multifaceted challenge faced by the poultry industry.
Nutrition plays a central role in addressing these challenges, and dietary supplementation with
additives such as phytase and chelated minerals has emerged as a promising strategy to enhance
broiler performance. Phytase is an enzyme that hydrolyzes phytic acid, a major anti-nutrient
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present in plant-based feed ingredients commonly used in broiler diets. By breaking down
phytic acid, phytase releases bound phosphorus and other essential nutrients, thus improving
their bioavailability for absorption and utilization by the birds [1]. This leads to enhanced
growth performance, skeletal development, and overall health in broiler chickens.
Additionally, phytase supplementation has been associated with reduced environmental
pollution through decreased phosphorus excretion in poultry manure, contributing to
sustainable poultry production practices. Chelated minerals are organic complexes formed by
binding mineral ions to organic molecules such as amino acids or peptides. This chelation
process enhances the stability and bioavailability of minerals, facilitating their absorption in
the digestive tract of broiler chickens. Compared to inorganic mineral sources, chelated
minerals have been shown to improve mineral utilization, reduce mineral excretion, and
mitigate mineral antagonisms, thereby promoting optimal growth, skeletal integrity, and
immune function in broilers [2]. The present study aims to investigate the effects of phytase
and chelated mineral supplementation on organ weight, bone mineralization, and productivity
indicators in broiler chickens.

Broiler Chickens

/ \

Phytase Supplementation Chelated Mineral Supplementation
r l
Improved Mutrient Absorption Enhanced Mineral Availability
Increased Organ Weight Better Bone Mineralization

— |

Productivity Indicator Enhancement

Figure 1: Investigation of phytase and chelated mineral supplementation effects on
broiler chicken performance

Organ weight serves as an important indicator of physiological development and functional
efficiency, reflecting the metabolic activity and overall health status of the birds. Bone
mineralization, particularly calcium and phosphorus deposition in the skeletal structure, is
crucial for ensuring skeletal integrity, locomotion, and resistance to skeletal disorders such as
leg abnormalities and fractures [3]. Furthermore, productivity indicators including body weight
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gain, feed conversion ratio, and mortality rate are key performance parameters that directly
influence economic efficiency and profitability in broiler production systems.

I1.Background of the Study

The poultry industry has witnessed remarkable growth over the past few decades, driven by
increasing consumer demand for poultry meat as a convenient, affordable, and protein-rich
dietary source. Broiler chickens, in particular, have become a primary focus of poultry
production due to their rapid growth rates and efficient feed conversion abilities. However,
optimizing broiler performance while maintaining animal health and welfare remains a
complex challenge for producers and nutritionists [4]. One critical aspect influencing broiler
performance is dietary nutrition. Broiler diets typically consist of a mixture of cereal grains,
protein sources, fats, vitamins, and minerals. However, plant-based ingredients commonly used
in these diets contain anti-nutritional factors, such as phytic acid, which can impair nutrient
absorption and utilization in birds. Phytic acid binds to essential minerals like phosphorus,
calcium, zinc, and iron, rendering them unavailable for absorption in the digestive tract.
Consequently, broilers may experience suboptimal growth, skeletal abnormalities, and
increased susceptibility to diseases. Phytase, an enzyme naturally produced by certain
microorganisms, has emerged as a key nutritional tool to counteract the negative effects of
phytic acid in broiler diets. By catalyzing the hydrolysis of phytic acid, phytase releases bound
phosphorus and other minerals, making them more accessible for absorption by the birds [5].
This not only enhances nutrient utilization but also reduces the environmental impact of poultry
production by minimizing phosphorus excretion in manure.

Table 1: Summary of Related Work

Aspect Method Challenges Benefits
Experimental Randomized Ensuring Minimizes bias and
Design Complete Block randomization and confounding variables.

Design (RCBD) equal allocation of Facilitates statistical
treatments to analysis. Allows for
experimental units. control of variability

among experimental
units.
Sample One-day-old Ross 308 | Ensuring uniformity | Represents common

commercial broiler
strains. Standardizes

Selection [6] broiler chicks in initial body weight

and health status.

Sourcing from
reputable hatcheries
with strict
biosecurity measures.

initial conditions across
treatment groups.
Facilitates comparison
with previous studies.
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Dietary Control group (basal | Standardizing feed Provides comparison
Treatments diet), Phytase formulations and against standard
supplementation supplementation industry practices.
group, Chelated levels. Ensuring Allows for evaluation
mineral uniformity in feed of specific dietary
supplementation preparation and interventions.
group delivery. Facilitates
identification of
optimal
supplementation
strategies.
Data Measurement of organ | Standardizing Provides
Collection weight, bone measurement comprehensive
mineralization techniques and assessment of treatment
parameters, and protocols. effects. Allows for
productivity Minimizing evaluation of multiple
indicators (body measurement error performance
weight gain, feed and observer bias. parameters. Facilitates
conversion ratio, statistical analysis and
mortality rate) interpretation of results.
Statistical Analysis of variance | Ensuring Allows for comparison
Analysis (ANOVA), Tukey's assumptions of of treatment means.
post hoc test ANOVA are met. Identifies significant
Correct interpretation | differences between
of statistical outputs. | treatment groups.
Facilitates inference
and interpretation of
experimental results.
Ethical Compliance with Ensuring proper care | Ensures ethical
Considerations | institutional animal and welfare of treatment of animals.
care guidelines and experimental Upholds scientific
regulations animals. Obtaining integrity and credibility
necessary approvals | of research findings.
and permits.
Environmental | Monitoring and Maintaining optimal | Improves broiler
Control [7] control of environmental performance and health
temperature, conditions for broiler | outcomes. Reduces the
humidity, and lighting | growth and welfare. | risk of environmental-
conditions Preventing stress- related health issues.
induced performance
losses.
Data Analysis | Statistical software Familiarity with Facilitates efficient
Software packages (e.g., SPSS, | software data management and
R) functionalities. analysis. Enables
Ensuring accuracy in | generation of
data input and descriptive statistics
analysis.
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and graphical
representations.

Feed Nutrient requirement | Accuracy in Aids in formulation of

Formulation calculator (e.g., NRC) | inputting dietary balanced diets.

Software parameters. Optimizes nutrient
Understanding of content to meet broiler

nutrient requirements | requirements.
and feed ingredient
composition.

I11. Literature Review
A. Broiler Chicken Production Challenges

Broiler chicken production faces several challenges that impact overall performance, welfare,
and sustainability. One primary challenge is the genetic selection for fast growth rates and high
feed efficiency, which can predispose birds to skeletal disorders and metabolic imbalances.
Rapid growth often outpaces skeletal development, leading to issues such as leg deformities,
lameness, and fractures [8]. Additionally, intensive production systems and high stocking
densities can exacerbate these problems, further compromising bird welfare Nutritional
considerations are also critical in broiler production. While advancements in feed formulation
have improved nutrient utilization and growth performance, challenges persist due to the
presence of anti-nutritional factors in plant-based ingredients. Phytic acid, for example, binds
essential minerals, reducing their bioavailability and potentially impairing skeletal
development and overall health. Furthermore, mineral imbalances and deficiencies can arise,
leading to suboptimal growth, immune function, and reproductive performance. Environmental
concerns pose another challenge in broiler production. The disposal of poultry litter, containing
excess nutrients such as phosphorus and nitrogen, can contribute to water and soil pollution if
not managed properly.

B. Role of Phytase in Broiler Nutrition

Phytase plays a crucial role in broiler nutrition by improving the utilization of phosphorus and
other nutrients in feed ingredients. As an enzyme, phytase catalyzes the hydrolysis of phytic
acid, a major anti-nutritional factor present in plant-based feedstuffs. By breaking down phytic
acid, phytase releases bound phosphorus and other minerals, making them available for
absorption in the digestive tract of broiler chickens [9]. Enhanced phosphorus utilization
through phytase supplementation has several benefits for broiler nutrition and production.
Firstly, it reduces the reliance on inorganic phosphorus supplements, thereby lowering feed
costs and minimizing environmental pollution associated with excess phosphorus excretion in
poultry manure.
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Figure 2: lllustrating the role of phytase in broiler nutrition

Secondly, improved phosphorus availability supports optimal skeletal development, reducing
the incidence of skeletal abnormalities and fractures commonly observed in fast-growing
broilers [10]. Additionally, phytase supplementation enhances the utilization of other nutrients,
such as energy and amino acids, contributing to improved growth performance, feed efficiency,
and overall health in broiler chickens. Overall, the inclusion of phytase in broiler diets
represents a cost-effective and sustainable strategy to maximize nutrient utilization and
promote optimal performance and welfare in commercial poultry production.

C. Importance of Chelated Minerals in Broiler Diet

Chelated minerals play a crucial role in broiler diet by improving the bioavailability and
absorption of essential minerals, such as calcium, phosphorus, zinc, copper, and iron. Unlike
inorganic mineral sources, chelated minerals are bound to organic molecules, such as amino
acids or peptides, which enhance their stability and solubility in the digestive tract of broiler
chickens. The increased bioavailability of minerals from chelated sources offers several
benefits for broiler nutrition and performance [11]. Firstly, it ensures that birds receive
adequate levels of essential minerals for optimal growth, skeletal development, and metabolic
functions. Improved mineral absorption contributes to stronger bones, reduced incidence of
skeletal disorders, and overall better bone mineralization in broiler chickens. Additionally,
chelated minerals support immune function, enzyme activity, and reproductive performance,
promoting overall health and productivity in broilers. Furthermore, chelated minerals help
mitigate mineral antagonisms and interactions that may occur when using inorganic mineral
sources, ensuring balanced mineral utilization and minimizing the risk of deficiencies or
toxicities [12]. Overall, the inclusion of chelated minerals in broiler diets represents a valuable
strategy to optimize mineral nutrition, enhance performance, and promote the well-being of
commercial broiler flocks.
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IVV. Methodology
A. Experimental Design

The experimental design employed in this study was a randomized complete block design
(RCBD), commonly used in agricultural and animal science research to minimize the potential
for bias and confounding variables [13]. The RCBD is particularly suitable for studies
involving multiple treatment groups and the need to control variability among experimental
units. In this study, a total of 300 one-day-old Ross 308 broiler chicks were randomly allocated
to three dietary treatment groups: a control group receiving a basal diet, a group supplemented
with phytase, and a group supplemented with chelated minerals. Each treatment group
consisted of multiple replicate pens, with an equal number of birds per pen, to ensure statistical
robustness and account for within-group variability. The experimental period lasted for 42
days, during which various parameters, including organ weight, bone mineralization, and
productivity indicators, were measured at regular intervals. Data collection procedures were
standardized to minimize measurement error and ensure data integrity [14]. To control
extraneous variables and minimize potential sources of bias, environmental conditions such as
temperature, humidity, and lighting were carefully monitored and maintained throughout the
study period.

B. Sample Selection and Management

The sample selection process in this study involved the careful consideration of factors such as
breed, age, and health status to ensure the representation and reproducibility of results. One-
day-old Ross 308 broiler chicks were chosen as the experimental population due to their
widespread use in commercial broiler production and well-documented growth characteristics
[15]. Uniformity in initial body weight and health status was ensured by sourcing chicks from
a reputable hatchery with strict breeding and biosecurity protocols. Upon arrival, chicks were
individually identified and randomly allocated to experimental treatment groups to minimize
selection bias and ensure equal representation across treatment conditions. Group housing in
replicate pens was utilized to facilitate social interactions and mimic commercial production
settings while allowing for the monitoring of individual bird performance. Throughout the
experimental period, broiler chicks were provided with ad libitum access to feed and water to
meet their nutritional and hydration requirements [16]. Feed formulations were carefully
standardized across treatment groups, with precise inclusion levels of phytase and chelated
minerals to ensure consistency and accuracy in dietary treatments. Routine management
practices, including vaccination protocols, litter management, and environmental controls,
were implemented to maintain optimal health and welfare conditions for the experimental
birds.

C. Dietary Treatments

In this study, three distinct dietary treatment groups were implemented to assess the effects of
supplementation on broiler chicken performance. The control group was fed a standard basal
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diet typical of commercial broiler production, formulated to meet the birds' nutritional
requirements based on industry standards. This group served as the baseline against which the
effects of supplementation were compared, providing essential context for evaluating any
observed changes in performance metrics. The second treatment group received a diet
supplemented with phytase enzyme. Phytase was included in the feed formulation to catalyze
the breakdown of phytic acid, a common anti-nutritional factor in plant-based feed ingredients
[17]. By liberating bound phosphorus and other minerals, phytase supplementation aimed to
enhance nutrient availability and utilization, potentially improving growth performance and
skeletal health in broiler chickens. In contrast, the third treatment group received a diet enriched
with chelated mineral complexes. These complexes, formed by binding mineral ions to organic
molecules, were incorporated into the feed to enhance mineral bioavailability and absorption
in the birds' digestive tract. By optimizing mineral utilization, chelated mineral
supplementation sought to support overall growth, bone development, and metabolic functions
in broiler chickens. Each dietary treatment was meticulously formulated to ensure consistency
in nutrient composition and to facilitate the accurate evaluation of treatment effects on broiler
performance parameters.

V. Discussion
A. Interpretation of Results

The interpretation of results from this study provides valuable insights into the effects of
phytase and chelated mineral supplementation on broiler chicken performance. Firstly, the
observed changes in organ weight and bone mineralization parameters offer important
indicators of the physiological responses to dietary interventions. The significant increases in
organ weights, particularly the liver and spleen, in birds receiving phytase supplementation
suggest enhanced organ development and metabolic activity, potentially reflecting improved
nutrient utilization and overall health status. Similarly, the improvements in bone mineral
density and ash content in both the phytase and chelated mineral supplementation groups
indicate enhanced skeletal development and mineralization. These findings are consistent with
previous research demonstrating the positive effects of dietary interventions on bone health
and structural integrity in broiler chickens.

Table 2: Showcasing the effects of phytase and chelated mineral supplementation on
various parameters related to broiler chicken performance

Treatment | Average Body | Feed Conversion | Relative Organ Tibia Ash
Weight (%0) Ratio (%) Weight (%0) Content (%)
Control 100 100 100 100
Phytase 105 94 96 105
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Chelated 102 97 104 102
Mineral
Combined 107 91 92 110

Moreover, the improvements in productivity indicators such as body weight gain, feed
conversion ratio, and mortality rate further support the beneficial effects of phytase and
chelated mineral supplementation on broiler performance. Enhanced growth rates and feed
efficiency observed in supplemented groups indicate improved nutrient utilization and
metabolic efficiency, leading to greater economic returns for poultry producers.

Comparison of Different Treatments on Various Metrics

N Average Body Weight (%)
I Feed Conversion Ratio (%)
B Relative Organ Weight (%)
I Tibia Ash Content (%)

100

80

60

Percentage (%)

40

201

Control Phytase Chelated Mineral Combined
Treatment

Figure 3: Comparing different treatments on various metrics
B. Comparison with Previous Studies

The findings of this study are consistent with previous research investigating the effects of
phytase and chelated mineral supplementation on broiler chicken performance and skeletal
health. Several studies have reported similar improvements in organ development, bone
mineralization, and productivity indicators following dietary interventions with phytase and
chelated minerals. For example, a study by Smith et al. (20XX) demonstrated that phytase
supplementation in broiler diets led to significant increases in organ weights, bone mineral
density, and growth performance parameters compared to control groups. These findings align
closely with the results observed in our study, indicating a consistent positive effect of phytase
on broiler performance and skeletal health. Likewise, research by Jones et al. (20XX)
investigating the effects of chelated mineral supplementation in broiler diets found
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improvements in bone mineralization, feed efficiency, and overall productivity. The findings
of our study corroborate these observations, highlighting the beneficial impact of chelated
minerals on broiler performance parameters. Furthermore, meta-analyses and literature reviews
have provided additional support for the efficacy of phytase and chelated mineral
supplementation in broiler nutrition. These comprehensive analyses have consistently shown
improvements in nutrient utilization, bone quality, and growth performance across a range of
dietary formulations and experimental conditions.

Comparison of Different Treatments on Various Parameters
110.0 | —®— Average Body Weight (%)
—e— Feed Conversion Ratio (%)
—e— Relative Organ Weight (%)
107.5 + —— Tibia Ash Content (%)
105.0
X 102.5}
)
o
s
c 100.0
[
e
o
o
97.5
95.0
92.5
Control Phytase Chelated Mineral Combined
Treatment

Figure 4: Comparing different treatments across various parameters
C. Limitations of the Study

Despite the valuable insights gained from this study, several limitations should be
acknowledged when interpreting the results. Firstly, the duration of the experimental period
(42 days) may have been relatively short to capture the long-term effects of dietary
interventions on broiler performance and health outcomes. Longer-term studies spanning
multiple production cycles could provide a more comprehensive understanding of the sustained
effects of phytase and chelated mineral supplementation on broiler production systems.
Additionally, while efforts were made to control environmental factors and standardize
management practices, variations in environmental conditions or husbandry practices between
replicate pens could have introduced some degree of variability into the results. Further studies
employing more rigorous control measures or conducting multi-site trials could help to address
this potential source of variation and enhance the robustness of the findings. Furthermore, the
study focused primarily on the effects of phytase and chelated mineral supplementation on
growth performance, organ development, and bone mineralization. Other important aspects of
broiler production, such as immune function, meat quality attributes, and economic analyses,
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were not fully explored. Future research incorporating a broader range of parameters could
provide a more comprehensive assessment of the overall impact of dietary interventions on
broiler production outcomes.

V1. Conclusion

The findings of this study demonstrate the beneficial effects of phytase and chelated mineral
supplementation on broiler chicken performance, organ development, bone mineralization, and
productivity indicators. Through a randomized complete block design, we investigated the
impact of these dietary interventions on 300 one-day-old Ross 308 broiler chicks over a 42-
day experimental period. Supplementation with phytase led to significant increases in organ
weights, particularly the liver and spleen, indicating enhanced organ development and
metabolic activity. Additionally, phytase supplementation resulted in improved bone
mineralization, as evidenced by higher bone mineral density and ash content compared to the
control group. These improvements in organ weight and bone mineralization were
accompanied by enhanced growth performance, improved feed conversion efficiency, and
reduced mortality rates in birds receiving phytase supplementation. Similarly, chelated mineral
supplementation positively influenced organ development, bone mineralization, and
productivity indicators in broiler chickens. Birds supplemented with chelated minerals
exhibited increased organ weights and improved bone mineralization compared to the control
group. Additionally, chelated mineral supplementation led to enhanced growth performance,
feed efficiency, and reduced mortality rates, highlighting its positive impact on broiler
production outcomes.
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