Investigating mineral affecting alkaline phosphatase activity and
feed efficiency of broiler chickens using meta analytical and
machine learning approaches

ABSTRACT

This study aims to develop two separate models to predict serum alkaline phosphatase (ALP) activity in broiler
chickens based on dietary mineral intake and to forecast feed conversion ratio (FCR) based on theirineral intake
and serum ALP activity. A meta-analysis method was employed to aggregate data from 29 articles spanning years
1998 to 2020. This resulted in a dataset of 185 rows containing variables such as serum ALR activity, calcium,
phosphorus, zinc of the diet, and FCR in broiler chickens. Machine learning techniques,/pecifically artificial
neural network models (ANN), were utilized for data analysis and predictive modeling. The!ANN demonstrated
high accuracy in predicting ALP activity and FCR, achieving R? values of 97%,and 95%, respectively. Sensitivity
analysis revealed that serum ALP activity is more responsive to changesyin calcium, whereas FCR is more
sensitive to changes in zinc. Furthermore, through optimization of the ANN model, the minimum attainable FCR
was found to be 1.41. This corresponded to ALRyactivity of 1290 U/L, and daily intake of zinc of 11.21 mg,
phosphorus of 0.46 g, and calcium of 0.70 g. These findings prome insights into optimizing broiler chicken
nutrition for improved performance. The developed model notbnly accurately predicts ALP activity and FCR in
broiler chickens but also enhances broiler breeding by offering an easy-to-use tool for optimizing mineral intake
and accurately predicting bird performancenTo facilitate accessibility for readers and nutritionists, an Excel®

calculator was created for predicting ALP activity and FCR/In broilers using the developed ANN.
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6, k-fold cross validation
7. Coefficient of Determination
8, Root-mean-square error
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The artificial neural network models to calculate ALP activity and FCR for chickens
Developed by. F. Abdipour, H. Ahmad|. MA Karimi Torshizi. AR Eivakpour (Tarbiat Modares University)

Calculation of ALP activity given Calculation of FCR given

minerals intake for chickens

minerals and ALP activity

In (mglday) Zn (mg/day) 10.27
P (g/day) P (g/day) 0.31
Ca (g/day) 0.64 Ca (giday) 0.64
l ALP (U/L) 145.02

ALP (U/L) 278.2

FCR (9/g) 1.72

AlLP= Alkaline phosghatase activity

FCil= Feed comversion ratio
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Extended Abstract

Introduction

Broiler metabolism relies heavily on various enzymes present in their plasma. Any alterations in these enzymes can
significantly impact broiler performance. Alkaline phosphatase (ALP) is a vital enzyme found in broiler blood serum,
with four isoenzymes expressed in different tissues including intestines, placenta, and nonspecific tissues like liver,
bone, and kidney. This study aims to explore the relationship between ALP enzyme activity, mineral consumption,
and feed conversion ratio in broiler chickens through meta-analysis

Materials and methods

Data collection involved a systematic search from diverse sources without language restrictions, focusingionjindexed
publications between 1998 and 2020 presenting in vivo experimental results on broilers. Keygsearch terms included
blood serum ALP, broiler mineral intake, feed conversion, and feed efficiency. A total of 29 articles encompassing
11,392 broiler chickens were included, yielding a dataset of 185 rows of information. Variables included ALP activity
(U/L), daily mineral intake (calcium, phosphorus, and zinc), and feed effigiency at 42 days. Artificial‘neural network
(ANN) models were constructed using JMP PRO version 14 software, withiene model incorparating all four input
parameters and another with only mineral intake variables

Results

Employing two ANN models significantly enhanced prediction accuracy, achieving R2 values of 97% and 95% for
ALP activity and feed conversion ratio, respectively. Sensitivity, analysissinderscored calcium and FCR as more
responsive to ALP activity changes compared to zinc levels. Furthemoptimization of the ANN model revealed the
minimum attainable feed conversion ratio (FCR) to be 1.44,g/g. This c&responded to an ALP activity of 1190 U/L,
with daily intake levels of zinc at 11.21 mg, phosphorus at 0.46,g, a@ calcium at 0.70 g. These findings offer insights
into optimizing broiler nutrition for enhanced performance. The developed model facilitates optimized broiler
breeding by predicting performance based on mineral intake,\effering a user-friendly Excel® calculator for easy
implementation by readers and nutritionists

Conclusion
The established model provides a precise estimation of\feed eénversion ratio and serum ALP activity in broiler
chickens, enhancing breeding practices and performance prediction accuracy.



