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1.Introduction
1.1 Background/ Rationale

Globally, the poultry industry faces the dual challenge of meeting rising demand for animal
protein while improving sustainability and feed efficiency. Feed costs account for 60—70% of
poultry production expenses (Wongnaa et al., 2023), with protein-rich components like

soybean and fish meal becoming increasingly costly and environmentally taxing (Khan et al.,
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2024). In this context, Azolla species, a floating aquatic fern, has garnered substantial interest
as a sustainable, protein-rich alternative capable of reducing feed cost without compromising

animal performance (Belagoune et al., 2024; Ghosh et al., 2023).

Azolla, notably 4. pinnata, A. cristata, and A. microphylla, contains 20-30% crude protein,
essential amino acids such as lysine and methionine, minerals, B-carotene, and polyphenols
(Abdelatty et al., 2020; Swain etal., 2022). It is easily cultivable in rural and peri-urban settings,
contributing to circular bio-economy models and integrated farming systems (AL-Jabari et al.,
2024). Azolla’s rapid growth rate, nitrogen-fixing capacity, and minimal input requirement
make it ecologically advantageous, especially for low-resource poultry systems (Acharya et al.,

2015; AL-Shwilly, 2022).

Recently, a growing number of trials have explored Azolla's application in poultry nutrition.
Studies across chicken broilers (Ara et al., 2018; Mishra et al., 2016; Samad et al., 2020) ,
chicken layers (Ghosh et al., 2023; Khatun et al., 1999), quail (AL-Jabari et al., 2024;
Siswantoro et al., 2023) , and ducks (Chisembe et al., 2020; Swain et al., 2022) have
investigated its impact on production traits. At inclusion levels between 5-15%, Azolla has
been associated with improvements in body weight gain (BWG), feed conversion ratio (FCR),
and egg production, with minimal to no adverse effects on serum biochemistry, immune

function, or organ histology (Alagan et al., 2020; Abdelatty et al., 2021).

Despite the promising outcomes reported, these studies vary significantly in experimental
designs, Azolla species used, processing techniques, and poultry breeds, making cross-
comparisons and practical recommendations difficult. Therefore, a meta-analytic approach is
warranted to synthesize existing evidence, quantify the overall effects of Azolla
supplementation, and identify optimal inclusion thresholds for different poultry types and

production goals.

This meta-analysis aims to comprehensively evaluate the effects of Azolla inclusion on growth
performance, feed utilization efficiency, and egg production metrics. The findings will provide
evidence-based guidance for both scientific advancement and commercial poultry feed

strategies.
1.2 Objectives

The review intends to answer the following question: What is the effect of Azolla supplementation

in poultry diets compared to conventional poultry diets on growth performance; Average daily



gain (ADG) or body weight gain (BWGQG), feed conversion ratio (FCR, feed intake (FI) and egg

production?

1. Population = Poultry (Chicken, Duck, Turkey, Guinea fowl, quail & Geese)

2. Interest/intervention =Azolla supplementation

3. Comparison or control = Conventional poultry feed (soybean/fishmeal based)

4. Outcomes = Performance (weight gain, feed intake, feed conversion) and egg production

metrics
2. Methods

This protocol was developed following the Preferred Reporting Items for Systematic Review and

Meta-Analysis 2015 (PRISMA-P) guidelines (Moher et al., 2015).
2.1 Literature search

A comprehensive literature search will be conducted in online databases such as Scopus, Google
Scholar, PubMed, ScienceDirect, and Africa Journals online to identify relevant experimental
studies published as October 2025. References cited in relevant articles will be extracted using
citationchaser (Haddaway, et al., 2021) to identify additional studies that may have been missed
in the database search. The search keywords will be structured according to the Population,
Intervention, Comparison, and Outcome (PICO) framework: P= Poultry (Chicken, Duck, Turkey,
Guinea fowl, quail & Geese) I=Azolla supplementation C= Conventional poultry feed
(soybean/fishmeal based) O = Growth rate, feed conversion ratio (FCR), mortality, and egg
production (Priyatno et al., 2025). The searches will be conducted using various combinations of
the following terms: ("Azolla" OR "aquatic fern" OR "aquatic macrophytes") AND (“poultry” OR
“broiler” OR “layers” OR “chicken” OR “duck” OR “turkey” OR “geese” OR “guinea fowl” OR
“quail”).

2.2 Study eligibility criteria
Inclusion criteria

The articles that will be included in this review should meet the following criteria: (1) articles
written in English or French, (2) articles that targeted topics linked to poultry (chickens, turkey,
duck, guinea fowl or geese), (3) studies with direct comparison between feeds containing and not

containing azolla; (4) full-text available; and (6) studies that incorporated specific growth



parameters (FI, ADG, FCR, or BWG), or egg production metrics with the respective standard error

or standard deviation or parameters that permits their estimation.
Exclusion criteria

The excluded will be: (1) studies that are not written in English or French; (2) studies that will not
target topics related to the use of Azolla as poultry feed; (3) studies that will not be available in

full-text format.
Selection process

The screening of articles will be done in Rayyan tool for systematic literature review

(https://www.rayyan.ai/). After downloading the article in the databases, the files will be imported

to Rayyan to check for duplicates. The title, abstract and full text will be screened by two
independent reviewers (ABB and EA). If a selection conflict exists, it will be resolved by

consulting a third reviewer.
2.3 Data extraction and synthesis

The data from the included studies will be extracted using a standardized data extraction form
produced in the Microsoft Excel (Microsoft Corporation, Washington, USA) database. The
following information will be extracted from each selected study: author and year of publication,
type of diet, poultry type, azolla species, inclusion rate, azolla form (dry, fresh), duration of the
experiment, study design, sample size (treated and control), quantitative results including Average
daily gain (ADGQG), feed conversion ratio (FCR), body weight gain (BWG) and feed intake (FI) and

their respective = SD/SE, egg production metrics and other qualitative results.
2.6. Data synthesis
Meta-analysis

Depending on the articles that will be included, a meta-analysis and meta-regression analyses will
be conducted to estimate pooled effect sizes, employing a random-effects model, owing to the
assumption of the presence of heterogeneity among the studies. Publication bias will be assessed
using funnel plots, and heterogeneity will be explored using subgroup analyses and sensitivity
analyses. The variables will be analysed as continuous via standard mean difference with a 95%
confidence interval (CI). Cochrane’s Q test and I> will be used to evaluate the heterogeneity among
studies, and the sensibility test to evaluate the possible sources of heterogeneity. All meta-analyses

will be conducted using the R software.
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Conclusion

This protocol outlines a rigorous and transparent framework for systematically reviewing and
quantitatively synthesizing evidence on the effects of Azolla supplementation in poultry diets. By
integrating data across poultry species and production systems, the study aims to provide a robust
estimate of Azolla’s influence on growth performance, feed efficiency, and egg production. The
findings will not only clarify the consistency and magnitude of Azolla’s effects but will also help
identify optimal inclusion levels and potential moderators such as poultry type and feeding strategy.
Ultimately, this review will generate evidence-based insights to support sustainable and cost-
effective feed formulation practices, contributing to improved food security and circular bio-

economy models in poultry production.
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