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A B S T R A C T

Water quality is paramount to poultry health and production, as birds consume approximately twice the amount 
of water as feed. Poor water quality, characterized by high microbial loads, undesirable pH, or elevated mineral 
content, can interfere with digestion, reduce bird performance, and decrease the efficacy of water-administered 
medications and vaccines. Traditional, single-strategy water treatments, such as basic chlorination or simple 
physical filtration alone, are often insufficient to meet the rigorous biosecurity and performance demands of 
modern commercial poultry operations. Advanced water-quality improvement approaches and technologies, 
including acidification (e.g., adding organic acids) and physical treatments (e.g., ionization), are therefore in
tegral to biosecurity and successful water management. Hence, the current review discusses these recent treat
ments and offers a comprehensive perspective on their integration into sustainable and circular water 
management strategies in poultry farms, for their widespread commercial adoption. Furthermore, it demon
strates the importance of applying the Precision Livestock Farming strategies on poultry drinking water to ensure 
optimal water sanitization levels are maintained, thereby guaranteeing consistent water hygiene and directly 
enhancing overall flock productivity.

Introduction

As industrialization and urbanization accelerate globally, the quality 
of water resources has deteriorated due to increasing contamination 
from several pollutants (such as heavy metals, organic substances, 
nanomaterials, pharmaceuticals, and industrial wastes), posing serious 
risks to ecosystem integrity and animal/ human health (Wang et al., 
2024; Nishmitha et al., 2025). Within poultry production systems, 
drinking water quality is a multidimensional concept encompassing 
microbiological safety, physicochemical characteristics (e.g., pH and 
Oxidation-Reduction Potential (ORP)), and functional attributes 
(Ejiohuo et al., 2025) that influence water intake, nutrient utilization, 
and overall flock performance (Ebrahimi et al., 2024). However, 
improving the quality of drinking water in poultry farms is crucial for 
bird health, optimal performance, and the reduction of disease trans
mission, as water is the most essential nutrient for birds, consumed at a 
rate of 1.5 to 2 times more than feed. It acts as a primary thermoregu
latory agent, facilitating heat dissipation through evaporative cooling 
(panting) to maintain a body temperature of approximately 41◦C. 
Beyond temperature control, water serves as the essential medium for 

enzymatic reactions and the hydrolysis required for digestion, while 
simultaneously acting as the vehicle for nutrient transport and the 
elimination of metabolic waste (uric acid) (Orakpoghenor et al., 2021; 
Adomako et al., 2024).

Among the various dimensions of water quality, microbiological 
contamination remains one of the most critical challenges in poultry 
drinking water systems (Münster and Kemper, 2024). Recent scientific 
literature has documented different strategies for mitigating enteric 
pathogens, such as Escherichia coli and Salmonella species, which 
frequently contaminate poultry drinking water systems (Mustedanagic 
et al., 2023; Mantzios et al., 2023; Ogundipe and Obe, 2025). This 
frequent isolation highlights a significant challenge in maintaining 
optimal water quality on poultry farms and presents a direct concern for 
food safety due to the potential for bird colonization and subsequent 
carcass contamination during processing. Additionally, traditional 
disinfection processes are inherently limited; therefore, not all methods 
can successfully eliminate the entire spectrum of pathogenic microbes 
(Singh et al., 2020). However, recent water-treatment approaches and 
technologies focus heavily on managing key physicochemical parame
ters and eliminating microbial contamination. They also focus on a 
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multi-faceted approach to drinking water quality improvement, moving 
beyond traditional chlorination to sustainability and efficiency 
(Ebrahimi et al., 2024; Mohamed et al., 2025; Khattak et al., 2025).

Scientific studies consistently underscore the importance of regular 
water quality analysis, at the source and the end of the line, to diagnose 
issues like mineral buildup or biofilm formation (El-Katcha et al., 2018; 
van Bel et al., 2019; Ebrahimi et al., 2024). Notably, a biofilm is a 
structured, sessile consortium of microorganisms, including bacteria, 
fungi, and algae, that adheres to submerged surfaces. Within water 
distribution systems, these communities develop into a resilient 'slime 
layer' on pipe interiors, where microbes are shielded by a self-produced 
extracellular polymeric substance (EPS) matrix (Erdei-Tombor et al., 
2024). Implementing protocols like regular flushing of water lines and 
using cleaning agents between flocks is essential to prevent biofilm 
reestablishment, which is often accelerated by the organic carriers in 
additives like vitamins and electrolytes (Ogundipe and Obe, 2025). The 
impact of physicochemical quality, such as high levels of salts (e.g., 
sodium, sulfates, chlorides), is continually studied and shown to nega
tively affect poultry health and performance (Ebrahimi et al., 2024; Raut 
et al., 2025).

Traditional disinfection methods, such as using chlorine (sodium 
hypochlorite), remain common, but they face limitations; specifically, 
prolonged exposure of bacteria to sub-lethal concentrations of chlorine 
has been linked to the emergence of chlorine tolerance in certain bac
terial strains, which, in some cases, may also contribute to cross- 
resistance to antibiotics, besides these methods present operational 
challenges for untrained staff and generate hazardous by-products that 
jeopardize environmental safety (Micciche et al., 2018; Walczak et al., 
2025; Wang et al., 2025). Furthermore, relying only on the small 
amount of disinfectants remaining in the pipes is not enough to manage 
microbial risks. This is because biofilms in the pipes act as a shield for 
dangerous bacteria, such as Legionella, which is able to remain in water 
as free-living planktonic bacteria or to grow within biofilms that adhere 
to the water pipes, preventing the disinfectant from reaching and killing 
them. Therefore, some disinfection methods fail to manage the risk 
when biofilms are present (Sciuto et al., 2021; Siponen et al., 2025).

In parallel, the physicochemical composition of drinking water plays 
a decisive role in shaping poultry health and performance (Khattak 
et al., 2025). Elevated concentrations of dissolved salts, such as sodium, 
sulfates, and chlorides, as well as inappropriate pH levels, have been 
repeatedly associated with impaired growth, reduced feed efficiency, 
and increased physiological stress in birds (Ebrahimi et al., 2024; Raut 
et al., 2025). For this reason, regular monitoring of water quality at both 
the source and the point of use is strongly recommended to detect 
mineral buildup, scaling, and early biofilm development before they 
negatively affect flock performance (El-Katcha et al., 2018; van Bel 
et al., 2019; Ebrahimi et al., 2024). These observations highlight the 
need for water treatment strategies that simultaneously address micro
biological and physicochemical risks.

Conventional filtration systems like sand filters remain important for 
removing suspended solids and turbidity. However, to combat emerging 
contaminants such as microplastics and pharmaceutical residues, 
advanced treatment technologies are being explored, including 
enhanced filtration combined with activated carbon, and advanced 
oxidation processes (Kathi and Mahmoud, 2024; Wang et al., 2024; 
Puteri et al., 2025; Nishmitha et al., 2025).

Accordingly, recent advancements in poultry drinking water man
agement have shifted toward holistic and multi-barrier approaches that 
combine microbiological control with optimization of physicochemical 
parameters. The use of organic acids in drinking water is a common and 
scientifically supported practice. These weak acids, such as acetic acid, 
work by lowering the water pH (a target of 6.0 to 6.8 is often preferred) 
and partially dissociating inside bacterial cells, leading to microbial 
death (Hamid et al., 2018; Chukwudi et al., 2025). This acidification 
process not only destroys vegetative pathogens in the water but also 
continues to work in the bird's digestive tract, lowering the intestinal 

pH. This in turn enhances protein digestibility, feed conversion, and 
weight gain, and helps in controlling enterobacteria like E. coli and 
Salmonella (Khan and Iqbal, 2016; Metwally et al., 2020).

Similarly, emerging disinfectants such as Slightly Acidic Electrolyzed 
Water (SAEW), whose main component is hypochlorous acid (HOCl), 
have been scientifically evaluated as a highly potent, safe, and residue- 
free disinfectant (Tu et al., 2024; Li et al., 2024). They have demon
strated superior efficacy against a broad spectrum of pathogens, 
particularly through their ability to disrupt and remove biofilms from 
water distribution systems (Galgano et al., 2023; de Rezende et al., 
2023; Li et al., 2024; Tu et al., 2024; Yue et al., 2024; Zhang et al., 2025). 
Studies, such as one conducted on laying hens, showed that continuous 
addition of SAEW with an available chlorine concentration (ACC) of 0.3 
mg/L achieved a significantly (P < 0.05) higher inhibition rate (99.90%) 
against bacteria compared to conventional disinfectants (Li et al., 2024). 
Furthermore, SAEW is effective at reducing intestinal pH, which can 
enhance mineral digestion and absorption, improving the gut micro
biota environment (Hamid et al., 2018; Shi et al., 2025; Zhang et al., 
2025).

Chlorine Dioxide (ClO2) is a powerful oxidizer that is effective 
against a broad spectrum of pathogens and, critically, at breaking down 
and eliminating biofilm in water lines. Research has demonstrated that a 
ClO2 treatment regimen, starting with a shock treatment to eradicate 
existing bio-slime followed by a continuous low-concentration treat
ment, can drastically reduce bacterial populations, leading to improved 
flock health, reduced disease incidence, and enhanced performance 
parameters like body weight and feed conversion ratio (Sultan et al., 
2014; Yue et al., 2024; Mzinyathi et al., 2025). Peracetic Acid (PAA), a 
mixture of acetic acid and hydrogen peroxide, is another strong 
oxidizing agent used to disinfect water lines. It is noted for its ability to 
eliminate biofilms and effectively control a wide range of waterborne 
pathogens, thus improving the overall sanitary status and bacteriolog
ical quality of the drinking water (Galgano et al., 2023; de Rezende 
et al., 2023; Ogundipe and Obe, 2025).

Newer technologies are emerging to address the challenges of cur
rent contaminants and system inefficiencies, and ensure a reliable and 
sustainable supply of clean, safe water globally (Table 1). Extensive 
global research is focused on advancing conventional technologies of 
water treatment to achieve sustainable, safe production (Elhenawy 
et al., 2024; Nambi Katu, 2025). The recent advancements, such as 
water electrolysis, focusing on powerful and targeted disinfection 
alongside integrated water management, provide the scientific basis for 
significantly improving the quality of drinking water and, consequently, 
the health and productivity of poultry flocks (Li et al., 2024; Mohamed 
et al., 2025). Notably, the strategic application of organic acids is a 
prevalent technique, as they not only reduce microbial load by lowering 
the water's pH, optimizing the environment for disinfectants, but also 
confer benefits to the birds' gut health, such as enhanced nutrient di
gestibility (Ali et al., 2020; Hamid et al., 2018; Chukwudi et al., 2025) 
(Table 2). Mechanically, technologies such as ultrafiltration (UF) and 
reverse osmosis (RO) systems provide robust, physical barriers to 
remove suspended solids, protozoa, and fine contaminants, ensuring a 
foundational level of water purity, particularly when using well or 
surface water sources (Kumar and Baskaran, 2020; Obayomi et al., 
2024). More recently, the integration of Precision Livestock Farming 
(PLF) systems have begun to incorporate real-time water quality moni
toring, leveraging sensors to track parameters like pH, temperature, and 
ORP, allowing for the immediate and automated adjustment of treat
ment processes to maintain optimal water sanitization, thereby ensuring 
consistent water quality and improving flock performance (Tzanidakis 
et al., 2023; Papakonstantinou et al., 2024).

In this context, the current comprehensive review specifically ad
dresses 'water quality' through three primary lenses: microbiological 
safety (e.g., E. coli and Salmonella counts), chemical composition (e.g., 
pH and hardness), and functional attributes (e.g., biofilm prevention and 
nutrient digestibility). This review has also analyzed the spectrum of 

K. El-Sabrout et al.                                                                                                                                                                                                                             Poultry Science 105 (2026) 106523 

2 



Table 1 
Comparative overview of drinking water treatment strategies used in poultry farms.

Treatment/ 
Approach

Mechanism/Process Effectiveness & Outcomes Additional Notes/ 
Impacts

References

Chlorination 
(Chlorine, 
NaDCC)

Addition of chlorine-based compounds (e. 
g., sodium dichloroisocyanurate, sodium 
hypochlorite) to waterlines for 
disinfection.

- Reduces E. coli, Salmonella, S. aureus, and 
molds in waterlines. 
- At 30–50 mg/L NaDCC, a significant 
reduction in harmful bacteria and improved 
broiler performance. 
- Chlorinated water reduces cecal bacteria 
and Salmonella contamination. 
- However, biofilm can reestablish by end of 
grow-out, and byproducts may be harmful.

- 30 mg/L NaDCC 
recommended for cost- 
effectiveness. 
- Byproducts of 
conventional chlorination 
can be harmful to animals.

(Mustedanagic et al., 2023), (
Zou et al., 2023), (Wang et al., 
2023), (Raut et al., 2024), (Edet 
et al., 2024)

Hydrogen Peroxide 
(H₂O₂)

Oxidative sanitizer; breaks down to water 
and oxygen, suitable for high organic 
matter.

- Residuals up to 100 ppm are safe for birds. 
- Improved body weight gain and feed 
conversion ratio. 
- Enhanced amino acid digestibility. 
- Rapid antimicrobial action.

- No negative impact on 
early bird performance. 
- Used for cleaning water 
with high organic content.

(Mustedanagic et al., 2023), (
Biswas et al., 2025)

Peracid-based 
Sanitizers (PAB)

Use of peracetic acid and related 
compounds for waterline sanitation.

- Superior efficacy against Salmonella, E. coli, 
and Bacillus (planktonic and biofilm forms) 
compared to peroxide- and hypochlorite- 
based sanitizers. 
- Eliminated biofilms at MIC in mixed- 
species cultures.

- Recommended for pre- 
harvest pathogen control 
and food safety.

(Ogundipe and Obe, 2025)

Electrolyzed Water 
(EW/SAEW/ 
NEW)

Electrolysis produces water with 
antimicrobial properties (slightly acidic or 
neutral pH, available chlorine).

- Up to 3% NEW (12 mg Cl/L) improved 
water quality, reduced E. coli, and lowered 
mortality. 
- SAEW (0.3 mg/L ACC) showed 99.9% 
inhibition rate, superior to conventional 
methods. 
- Improved feed conversion, daily gain, and 
reduced feed gain ratio. 
- No adverse effects on egg/meat quality or 
bird health.

- SAEW is residue-free, 
energy-efficient, and has 
sustained antimicrobial 
effect. 
- Recommended for daily 
management.

(Rahman et al., 2023), (Li et al., 
2024)

Physical Flushing High-pressure water or air is used to flush 
waterlines.

- Convenient and quick, but must be 
repeated frequently. 
- High utility costs, labor, and low biofilm 
removal.

- Often combined with 
chemical disinfectants for 
better results.

(Mustedanagic et al., 2023), (
Edet et al., 2024)

Combined 
Chemical & 
Mechanical

Chemical (ClO₂, peracetic acid) plus 
mechanical (high-pressure air pump) 
treatment.

- Did not reduce aerobic mesophilic counts 
below acceptable limits. 
- No significant reduction in 
Enterobacteriaceae or Pseudomonadaceae. 
- Specialized contractors are more effective 
than farmers.

- Regular monitoring and 
consistent treatment are 
crucial.

(Mustedanagic et al., 2023)

Water Ionization/ 
Electrolysis

Electric field or electrolysis modifies water 
chemistry (pH, ORP, mineral content).

- Ionized water (negative ORP, lower TDS) 
increased water intake, body weight, 
antioxidant capacity, and reduced DNA 
damage. 
- Enhanced growth hormone and IGF-1 
expression.

- Recommended for 
improving productivity and 
health.

(Khalil et al., 2025)

Slightly Acidic 
Electrolyzed 
Water

Continuous addition to waterlines (0.3 
mg/L ACC).

- Higher inhibition rate (99.9%) and 
sustained effect compared to conventional 
methods. 
- Improved egg weight, yolk color, fecal 
normal rate, and reduced water footprint. 
- No negative impact on eggshell quality.

- Easy preparation, residue- 
free, energy-efficient. 
- Recommended for daily 
use.

(Li et al., 2024)

Water Quality 
Monitoring & 
Management

Regular testing and adjustment of water 
parameters (pH, TDS, minerals, microbial 
load).

- Essential for maintaining bird health, 
immune competence, and productivity. 
- Poor water quality can exacerbate disease 
and reduce vaccine effectiveness. 
- Microbial contamination increases along 
distribution system, especially in warm 
seasons.

- Targeted monitoring and 
management are necessary. 
- Clean water supports 
vaccine efficacy and flock 
health.

(Farooq et al., 2025), (Farooq 
et al., 2026), (Boas et al., 2025), 
(Ogundipe et al., 2025)

Advanced 
Wastewater 
Treatment

Advanced oxidation processes, 
constructed wetlands, and membrane 
filtering.

- Designed to reduce antibiotic residues and 
ARGs in poultry wastewater. 
- More effective than conventional methods 
for ARG reduction.

- Important for 
environmental protection 
and AMR control.

(Aminudin et al., 2026)

Water 
Conservation & 
Reuse

Rainwater harvesting, water recycling, 
and automated systems.

- Reduces reliance on freshwater, 
environmental impact, and operational 
costs. 
- Modern systems have reduced water use in 
poultry production.

- Supports sustainability in 
poultry farming.

(Bist et al., 2024)

NaDCC: Sodium Dichloroisocyanurate; TDS: total dissolved solids; ORP: Oxidation-reduction potential; MIC: Minimum Inhibitory Concentration; SAEW: Slightly 
Acidic Electrolyzed Water; NEW: Neutral Electrolyzed Water; AMR: Antimicrobial Resistance; ARG: Antibiotic Resistance Gene.
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existing and emerging strategies for optimizing poultry drinking water 
quality. It details the efficacy and application of conventional chemical 
treatments, including various forms of chlorination and acidification, 
alongside advanced physical and oxidative approaches such as ioniza
tion and ozonation systems. The findings underscore that a multi-barrier 

approach, tailoring treatment to the specific source water challenges, 
yields the most reliable results for preventing biofilm formation and 
pathogen transmission. Ensuring this optimal water quality is para
mount for flock health, welfare, and productivity, directly impacting 
feed conversion ratios and disease management efforts. Additionally, 
this review will serve as a valuable resource for water-treatment systems 
in poultry farms, offering structured comparisons of efficacy, cost- 
effectiveness, and operational complexity. Moving forward, continued 
industry focus must shift toward sustainable, automated, and sensor- 
driven monitoring solutions to ensure real-time water parameter sta
bility and support the long-term economic viability of poultry produc
tion globally.

Traditional approaches for water quality improvement

Prior to the widespread implementation of modern water-testing 
equipment, physical treatments, and automated watering systems, 
poultry farmers depended on a variety of traditional methodologies to 
ensure the water provided to their birds was safe, clean, and conducive 
to healthy growth. These practices were fundamentally grounded in 
practical experience, acute observational skills, the utilization of natural 
materials, and preventive hygiene measures. Although these traditional 
approaches may have lacked the precision and scientific rigor of 
contemporary techniques, they frequently proved effective in reducing 
the incidence of waterborne diseases and enhancing the productivity of 
small-scale and backyard poultry operations, particularly in rural and 
resource-limited contexts (Chander et al., 2012; Schneider et al., 2016; 
Ebrahimi et al., 2024; Bist et al., 2024; Nambi Katu, 2025); noting that 
while larger conventional poultry growers increasingly adopt advanced 
membrane technologies, such as RO, traditional approaches like chlo
rination and mechanical filtration remain the foundational standards for 
water quality improvement. The traditional practices employed for 
water quality control in poultry farms can be categorized into several 
key areas, as follows.

Chlorination and disinfection

Chlorine-based disinfection is a widely adopted, cost-effective, and 
broad-spectrum antimicrobial practice in animal husbandry (Tyski 
et al., 2024; Slattery and Garvey, 2025). The primary disinfecting agent 
is hypochlorous acid (HOCl), which is formed when chlorine sources, 
such as sodium hypochlorite (NaOCl), are introduced to water. The ef
ficacy of chlorine, however, is highly dependent on water pH, as HOCl is 
the most potent sanitizer and is predominant at lower pH values (e.g., 
pH 4.5 to 6.0), while the less effective hypochlorite ion (OCl− ) is favored 
at alkaline pH (Yaqub et al., 2021; Raut et al., 2024). Notably, the 
germicidal efficacy of (OCl− ) is estimated to be approximately 80 to 100 
times lower than that of HOCl because its negative electrical charge is 
repelled by the similarly charged lipid bilayer of bacterial cell walls, 
which hinders penetration and slows the oxidation of internal cellular 
components (Giarratana and Reiner, 2022; Sil et al., 2025). Conse
quently, to maximize biocidal efficiency and control biofilms, water 
must be acidified to a range of pH 6.0–7.0, shifting the chemical equi
librium toward the more reactive HOCl form. However, recent studies 
confirm that treating drinking water with sodium hypochlorite can 
significantly (P < 0.05) reduce bacterial contamination, subsequently 
leading to a decrease in performance-inhibiting issues for chickens (Raut 
et al., 2024; Li et al., 2025). A recommended range for a free chlorine 
residual in poultry drinking water is typically 2-5 ppm at the drinker line 
to inhibit microbial growth (Maharjan et al., 2016; Raut et al., 2024). 
High concentrations of free chlorine residual (e.g., 20 ppm or more) can 
negatively impact water consumption due to palatability issues.

Acidification

Water acidification involves adding organic (e.g., formic, lactic, or 

Table 2 
Summary of studies on the effects of organic acids in poultry drinking water.

Species Dose or 
concentration1

Reported 
beneficial 
effects2

References

Broiler, Ross 308, 
1-42 days

OAB, 2 ml/L Bp Saad et al., 2024

Broiler, Ross 308, 
1-42 days

OAB, 480 mmol/L Cc Szott et al., 2022

Broiler, Ross 308, 
1-35 days

OAB, 0.2 ml/L SC Ferreira et al., 
2022

Broiler, Arbor 
Acres, 1-42 days

OAB, 2% WI, Zhang et al., 2022

Broiler, Arbor 
Acres, 1-42 days

OAB, 0.05, 0.10, 
0.15, 0.20%

BW, DWG, WI Guo et al., 2021

Broiler, Arbor 
Acres, 1-42 days

HMTB, 0.05, 0.10, 
0.15, 0.20%

BW, DWG, WI Guo et al., 2021

Broiler, ISA JA57, 
1-42 days

Fa, 2 and 3% FI, CY Al-Mutairi et al., 
2020

Broiler, ISA JA57, 
1-42 days

Ba, 2 and 3% FI, CY Al-Mutairi et al., 
2020

Laying hens, Isa 
Brown, 20-48 
weeks

OAB, 1 ml/L EcC, BW, Eq Bouassi et al., 
2020

Broiler, Arbor 
Acres, 1-35 days

Fa, 1% WG, WI Metwally et al., 
2020

Broiler, Arbor 
Acres, 1-35 days

La, 1% WG, WI Metwally et al., 
2020

Broiler, Arbor 
Acres, 1-35 days

Pa, 1% WG, WI Metwally et al., 
2020

Broiler, Arbor 
Acres, 1-35 days

Ca, 1% WG Metwally et al., 
2020

Broiler, Arbor 
Acres, 1-35 days

OAB, 1% WG, WI Metwally et al., 
2020

Broiler, Cobb 500, 
1–35 days

Fa, 1 ml/L SC Bourassa et al., 
2018

Broiler, Lohmann, 
1-49 days

Acv, 10, 20, 30 ml/L Ci Hayajneh et al., 
2018

Broiler, Cobb 500, 
1–35 days

OAB, 4 ml/L BW, BSAA El-Katcha et al., 
2018

Broiler, Cobb 500, 
1–35 days

Ca, Nr BW, FCR Abdelrazek et al., 
2016

Broiler, Cobb 500, 
1–35 days

Aa, Nr BW Abdelrazek et al., 
2016

Broiler, Ross 308, 
1-42 days

OAB, 0.35 ml/L FI, DWG, EcC, Eftekhari et al., 
2015

Broiler, Hubbard, 
22-42 days

OAB, 0.5, 1, 1.5 and 
2 ml/L

BW, FCR, CY, 
EcC, SC

Sultan et al., 2015

Broiler, Ross 308, 
1-42 days

OAB, 0.5% FI, FCR, Sr, Bp Marin Flamand 
et al., 2014

Laying hens, Hy- 
Line W-98, 68- 
76 weeks

Fa, 0.5, 1 and 1.5 
ml/L

Ep, EW, FCR, Eq Abbas et al., 2013

Broiler, Ross 308, 
1-42 days

Ha, 150, 300 and 
450 ppm

DWG, FI, Mc, 
Mmc

Ozturk et al., 
2010

Egg-type chicken, 
2-21 days

Ma, 0.05, 0.10, 
0.15%

EcC Moharrery and 
Mahzonieh, 2005

Broiler, Ross, 1-56 
days

Ma, 0.05, 0.10, 
0.15%

EcC Moharrery and 
Mahzonieh, 2005

1 OAB: Organic Acid Blend; OIAB:Organic and Inorganic Acid Blend; Fa: 
Formic acid; BA: Butyric acid; PA: Propionic acid; Acv: Apple cider vinegar; Ha: 
Humic acid; Ma: Malic acid; La: Lactic acid; Ca: Citric acid; Aa: Acetic acid; Sa: 
Salicylic acid; Ta: Tartaric acid; HMTB: 2-hydroxy-4-methylthiobutyric acid;.

2 BW: body weight; FCR: Feed conversion rate; CY: carcass yield; EcC: E. coli 
count, SC: Salmonella count; BSAA: blood serum antioxidant activity; Bp: Blood 
parameters; Cc: Campylobacter counts; FI: Feed intake; Ci: Coccidiosis infesta
tion; Sr: Survival rate; DWG: Daily weight gain; Mc: Meat color; Mmc: Meat 
mineral composition; WI: Water intake; WG: Weight gain; Ep: Egg production; 
EW: Egg weight; Eq: Egg quality.
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citric acid) or inorganic acids (e.g., phosphoric or sulfuric acid) to the 
drinking water to maintain a pH typically between 3.8 and 4.5 
(Abdelrazek et al., 2016; Al-Mutairi et al., 2020; Arce-Menocal et al., 
2021). This method is beneficial for poultry health and performance 
through several scientific mechanisms. Firstly, the lowered pH creates 
an unfavorable environment for the growth of pathogenic bacteria like 
Escherichia coli and Salmonella spp. in the water line, an effect which can 
be synergistically combined with sanitizers like chlorine (Hreško 
Šamudovská et al., 2018; Ali et al., 2020; Zhang et al., 2022). Secondly, 
water acidification can decrease the pH of the intestinal tract, which 
favors the growth of beneficial gut microbiota and can improve the 
activation of digestive enzymes, such as pepsin, leading to enhanced 
nutrient utilization and overall performance (Ali et al., 2020; Zhang 
et al., 2025). Experimental studies have demonstrated that the combi
nation of acidifiers and sanitizers is more effective in improving body 
weight gain and feed conversion ratio in broilers than either treatment 
alone (Adil et al., 2020; Sharifuzzaman et al., 2025).

Flushing

Flushing is a mechanical water management practice involving the 
rapid movement of water through the drinking lines, primarily serving 
to physically remove deposits, sediment, and organic matter 
(Mustedanagic et al., 2023; LeChevallier et al., 2024). This procedure is 
crucial for controlling the development of biofilm. Biofilms harbor 
pathogenic and opportunistic bacteria, such as Pseudomonas spp. and 
Campylobacter spp., and continually contaminate the drinking water 
(van Bel et al., 2019; Waegenaar et al., 2025). Regular flushing, ideally 
daily during the starter period and at least one to two times per week 
afterward, is essential to minimize biofilm buildup and maintain water 
quality (Suchomel et al., 2013; LeChevallier et al., 2024). Furthermore, 
high-pressure flushing is a core component of the thorough cleaning and 
sanitation protocol between flocks, often utilized in conjunction with 
chemical cleaners (acid and base) to remove both organic debris and 
mineral scale, thereby ensuring that chemical disinfectants can effec
tively reach and inactivate any remaining microorganisms (Jafari et al., 
2024; Waegenaar et al., 2025).

Recent technologies for water quality improvement

In response to current water quality challenges, particularly the 
contamination in some regions, the poultry industry has experienced 
substantial technological progress in recent years, with innovative water 
treatment approaches complementing refinements in traditional prac
tices. These advancements encompass a wide spectrum of technologies, 
including physical treatment systems and intelligent monitoring & 
control platforms. The following sections provide a detailed overview of 
these recent and emerging technologies, synthesizing current evidence 
and emphasizing innovations that are transforming water quality man
agement into modern poultry facilities.

Advanced water treatment integration now utilizes Advanced 
Oxidation Processes (AOPs) to achieve the mineralization of recalcitrant 
organic pollutants through hydroxyl radical generation. This is often 
complemented by nanotechnology, which exploits the high specific 
surface area of engineered nanomaterials for selective molecular 
adsorption. Furthermore, advanced membrane filtration, specifically 
Nanofiltration (NF) and RO, provides critical desalination and solute 
rejection through a combination of size-exclusion and solution-diffusion 
mechanisms (Cardoso et al., 2021; Kurian, 2021; Kumari and Kumar, 
2023).

Filtration systems

Filtration remains one of the most universally applicable physical 
water treatment methods, serving as the first line of defense against 
suspended solids, sediments, and particle-associated microorganisms 

that can impair water quality (Cescon and Jiang, 2020; Ross et al., 
2025). It also helps prevent operational issues within drinking water 
distribution networks. Traditional sand and multimedia filtration sys
tems continue to play a key role in water management, achieving 
removal efficiencies of 85-95% for particles larger than 10 µm (Puteri 
et al., 2025). These conventional filters have evolved considerably 
through the adoption of automated backwashing mechanisms, which 
reduce labor requirements while maintaining consistent filtration per
formance during extended operation (Piche et al., 2019). Such auto
mation is particularly valuable in large-scale commercial settings, where 
manual maintenance would be economically and logistically unfeasible.

Filtration systems serve as a critical defense against operational 
failure in poultry drinking water systems by mitigating the accumulation 
of suspended solids, mineral scale, and biological fouling. Scientifically, 
unfiltered water acts as a carrier for silt and sand that mechanically 
interfere with the precision seating of nipple drinker pins, resulting in 
"leakers" that increase litter moisture and ammonia emissions (Piccirillo 
et al., 2024; Ibrahim et al., 2025). Furthermore, these particulates pro
vide a physical substrate for the attachment and proliferation of bio
films—complex communities of microorganisms such as E. coli—which 
can restrict flow and harbor pathogens (Maes et al., 2019; Ogundipe 
et al., 2024). High mineral content, specifically calcium and magnesium, 
leads to the precipitation of CaCO3 (scale), which narrows pipe di
ameters and reduces the volumetric flow rate available to the flock 
during peak metabolic demand (Watkins, 2018). By removing these 
abrasive and reactive elements, filtration maintains the structural 
integrity of the delivery system and ensures the biochemical stability of 
administered vaccines and medications, which might otherwise be 
inactivated by mineral binding or oxidation (Saleh et al., 2023).

The introduction of membrane-based filtration technologies has 
further expanded the capabilities of physical water treatment (Shehata 
et al., 2023). Microfiltration systems, operating with pore sizes from 0.1 
to 10 µm, effectively remove bacteria, protozoa, and suspended solids 
from source water (Bottino et al., 1991). These systems are especially 
beneficial in poultry farms that rely on surface water sources charac
terized by high bacterial loads and variable turbidity. Ultrafiltration, 
employing membranes with pores between 0.01 and 0.1 µm, provides 
enhanced removal of viruses, colloidal particles, and macromolecular 
compounds (Shehata et al., 2023).

Nanofiltration and reverse osmosis (RO) technologies, although less 
commonly implemented due to their higher capital and operational 
costs, are increasingly used in facilities facing severe water quality issues 
(Azmi et al., 2025). Nanofiltration membranes (0.001-0.01 µm) effec
tively remove multivalent ions, dissolved organic matter, and trace 
contaminants commonly present in groundwater and surface water 
(Mohammad et al., 2015; Boo et al., 2018). RO systems provide the 
highest purification level among pressure-driven membrane processes, 
achieving up to 99% removal of dissolved solids, salts, and a wide range 
of contaminants (Tayeh, 2024). In poultry operations where source 
water exhibits excessive hardness, high total dissolved solids (TDS), or 
contamination by agricultural chemicals (Saleh et al., 2023), RO can 
transform marginal water sources into potable supplies suitable for 
birds. Modern agricultural RO systems are now equipped with energy 
recovery devices and optimized parameters to minimize concentrate 
production and reduce the environmental footprint of the reject stream 
(Tayeh, 2024).

The main constraints to broader adoption of advanced membrane 
technologies in poultry facilities are economic and operational. Mem
brane systems require higher upfront investment than conventional 
filtration, and ongoing expenses for cleaning, replacement, and 
concentrate disposal must be carefully weighed against their perfor
mance benefits (Ayach et al., 2024; Osman et al., 2024). Membrane 
fouling (the unwanted accumulation of organic and inorganic sub
stances, such as fats, proteins, minerals, and microorganisms, on the 
surface or within the pores of a filtration system) remains a persistent 
technical challenge, often requiring pretreatment to extend operational 
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lifespan. Nevertheless, continuous improvements in membrane mate
rials and process optimization are driving cost reductions and enhancing 
system efficiency, making these technologies increasingly viable across 
diverse scales of poultry production.

Ultraviolet radiation disinfection

Ultraviolet (UV) disinfection is one of the most widely adopted non- 
chemical water treatment methods, owing to its proven efficacy, oper
ational simplicity, and lack of chemical residues (Ashok and Khedikar, 
2016). The germicidal mechanism of UV radiation relies on the ab
sorption of Ultraviolet-C (a specific subtype of ultraviolet light charac
terized by its short wavelength and high energy) energy (254 nm) by 
microbial nucleic acids, inducing thymine dimers in DNA and similar 
photoproducts in RNA (Akhila et al., 2021). These alterations disrupt 
genetic integrity and inhibit microbial replication. Unlike some chemi
cal disinfectants, UV treatment does not produce viable but 
non-culturable cells, ensuring complete inactivation of target microor
ganisms (Görlitz et al., 2024). UV doses of ≥40 mJ cm² typically achieve 
˃4 log (99.99%) reduction in enteric bacteria, like Escherichia coli 
(González et al., 2023; Moonsub et al., 2024). González et al. (2023)
reported that the UV system has been shown to be effective in inacti
vating microorganisms, but there are concerns about the possibility of 
reactivation, which compromises the safety of the treated water.

Ozone treatment

Ozone has emerged as an increasingly attractive alternative to con
ventional chlorination for water treatment, offering powerful oxidizing 
capacity, broad-spectrum antimicrobial activity, and complete decom
position to molecular oxygen without leaving persistent chemical resi
dues (Kakhki et al., 2021). Ozone exerts antimicrobial effects through 
direct oxidation of cellular lipids, proteins, and nucleic acids, rapidly 
inactivating bacteria, viruses, fungi, and protozoa at concentrations 
much lower than those required for equivalent inactivation by 
chlorine-based disinfectants (Rosenblum et al., 2012).

Ozone for water treatment is produced on-site, most commonly via 
corona discharge systems that convert oxygen into ozone through high- 
voltage electrical discharge (Ebihara et al., 2011). Although on-site 
generation requires higher initial investment, it eliminates the need 
for chemical storage, transport, and handling, offering operational and 
safety advantages appreciated by many producers.

Beyond direct microbial inactivation, ozone is highly effective in 
biofilm prevention and removal, addressing one of the most persistent 
challenges in poultry water distribution systems (Bialoszewski et al., 
2011). Despite these considerable advantages, ozone treatment systems 
exhibit several operational and safety considerations. The short half-life 
of ozone in water (typically 20 min, depending on temperature) means it 
decomposes rapidly after application, leaving no residual disinfecting 
capacity within the distribution network (Varol, 2022). As a result, 
ozone treatment is best suited for systems with short distribution lines or 
may require supplementary disinfection (e.g., low-level chlorination) to 
maintain microbial control throughout the system. Water parameters 
(including pH, temperature, and organic content) strongly influence 
ozone stability and efficacy (Galdeano et al., 2018). Therefore, baseline 
water quality characterization and periodic monitoring are essential for 
ensuring consistent performance.

Hydrogen peroxide

Hydrogen peroxide (H₂O₂) has gained increasing prominence as an 
alternative disinfectant for poultry drinking water due to its strong 
oxidative properties, broad-spectrum antimicrobial activity, and envi
ronmentally benign decomposition products (Biswas et al., 2025). Its 
mode of action involves the generation of reactive oxygen species (ROS), 
particularly hydroxyl radicals, which oxidize lipids, proteins, and 

nucleic acids, leading to microbial cell death (Abdelshafy et al., 2024). 
In aqueous systems, these radicals are produced through iron-catalyzed 
decomposition reactions that impart strong biocidal potential against 
bacteria, fungi, and viruses. Food-grade hydrogen peroxide, typically 
supplied as a 35% solution and diluted to 25–50 mg/L in drinking water, 
provides effective microbial control while decomposing completely into 
water and oxygen, leaving no harmful residues or halogenated 
by-products (Clark et al., 2009).

From an operational standpoint, hydrogen peroxide offers several 
advantages compared with chlorine-based disinfectants. It demonstrates 
superior storage stability when protected from light and stored in opa
que, chemically compatible containers, thereby ensuring consistent 
dosing over extended periods (Madanská et al., 2004). Furthermore, 
stabilized formulations, often enhanced with silver ions or metal cata
lysts, extend antimicrobial activity and permit lower effective concen
trations, improving cost efficiency without compromising biocidal 
performance (Davoudi et al., 2012; Martin et al., 2015). Despite these 
advantages, potential safety concerns associated with excessive 
hydrogen peroxide exposure should be recognized. Reactive hydroxyl 
radicals can induce oxidative stress and tissue injury in animals at 
elevated concentrations. Experimental studies on some livestock, 
including birds, have shown that H₂O₂ exposure can impair intestinal 
morphology and barrier function (Yin et al., 2015; Romeu et al., 2023; 
Zhong et al., 2023). Similarly, intraperitoneal administration of H₂O₂ in 
broilers increased oxidative stress biomarkers such as reactive oxygen 
species and malondialdehyde while reducing antioxidant defenses, 
including glutathione peroxidase activity (Chen et al., 2021). These 
findings underscore the need to maintain free residuals within the 
EPA-recommended range of 25-50 ppm to ensure microbial safety 
without adverse physiological effects.

Recent field observations suggest that the inclusion of hydrogen 
peroxide in poultry drinking systems at practical concentrations does 
not significantly affect growth performance or amino acid digestibility 
during early grow-out stages (Biswas et al., 2025). Hydrogen perox
ide–based disinfectants generally exhibit limited biofilm penetration 
and removal capacity compared with ozone or chlorine dioxide. In 
systems where biofilm accumulation is already established, this limita
tion may necessitate mechanical cleaning, high-concentration shock 
treatments with alternative oxidants, or complete system sanitization 
before routine peroxide-based disinfection can be implemented 
(Chowdhury et al., 2025). Regular monitoring of hydrogen peroxide 
residuals, although less common than chlorine residual testing due to 
the lack of simple field methods, provides valuable assurance of system 
performance and early detection of organic overload or equipment 
malfunction that could impair disinfection efficacy (Maharjan et al., 
2015; Han et al., 2025). However, systematic studies addressing its 
physiological and zootechnical impacts remain limited and warrant 
further investigation.

Emerging physical technologies

Beyond the previous systems, several innovative physical water 
treatment technologies are under development for water applications. 
They represent the foundational approach to improving water quality in 
poultry operations. They primarily function through the mechanical 
removal of particulate matter, turbidity, and microbial contaminants 
without the addition of chemical substances (Cho and Kim, 2022). These 
technologies have gained significant attention, particularly in produc
tion systems where regulations restrict the use of chemical disinfectants 
or where compliance with organic certification standards is required.

Non-thermal plasma

Non-thermal plasma (NTP), often called "cold plasma," is an 
emerging technology in water treatment that functions as a highly 
potent Advanced Oxidation Process (AOP) (Barjasteh et al., 2021; 
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Santalunai et al., 2025). Unlike traditional boiling (which uses heat) or 
chlorination (which uses chemical additives), NTP uses high-voltage 
electricity to ionize gas near or within water, creating a state of mat
ter rich in highly reactive particles. It is one promising approach, pro
ducing reactive oxygen and nitrogen species through electrical 
discharges that create a partially ionized gas near ambient temperature 
(Yang et al., 2023). These species (including hydroxyl radicals, ozone, 
hydrogen peroxide, and nitrogen oxides) exert potent antimicrobial 
activity via membrane oxidation, protein denaturation, and DNA 
disruption (Yang et al., 2023). Cold atmospheric plasma can be applied 
directly to water surfaces or within flow-through reactors, offering 
flexibility in design (Velasquez et al., 2024). Preliminary studies have 
shown promising results for biofilm control and degradation of 
emerging contaminants, though commercial systems tailored for 
continuous water treatment remain at an early stage (Kumar et al., 
2021). Further optimization is required regarding energy efficiency, 
system scalability, and safety management related to reactive species 
production.

Magnetized water

Magnetized water (MW) involves passing water through a magnetic 
field, which theoretically alters the physical properties of the water, 
such as potentially reducing the size of water molecule clusters, 
increasing its solubility for nutrients and minerals, and raising the pH to 
a slightly alkaline level (El-Sabrout and El-Hanoun, 2019; Kırkpınar 
et al., 2023). MW treatment represents a non-chemical and increasingly 
studied approach aimed at improving water quality and animal perfor
mance through the application of magnetic fields to drinking water 
systems (El-Sabrout and El-Hanoun, 2019; Ahmed and El-Hamed, 2020). 
The process relies on exposing water to a static or electromagnetic field 
(typically generated by neodymium, iron, or boron magnets) either as 
the water flows through magnetic tubes or by immersing a magnetized 
device directly into the water (Cho and Lee, 2005; Amiri and Dadkhah, 
2006; Mohammadnezhad et al., 2022). These magnets are usually 
coated with protective layers such as epoxy, nickel, or copper to prevent 
corrosion and maintain stability under acidic conditions. During 
magnetization, the strength of the magnetic field and the configuration 
of the magnetic device (e.g., linear or circular arrangement) determine 
the degree of induced water modification (Zaidi et al., 2014). Water is 
generally passed through the magnetic field at a controlled, low velocity 
to ensure sufficient exposure and minimize turbulence (Sanchez et al., 
2025). In some systems, the water circulates in a closed loop for repeated 
exposure, maintaining the induced magnetic properties for several hours 
after treatment, typically between 6 and 12 h, although residual effects 
can persist for longer depending on the system design (Hassan et al., 
2018). The magnetization process is proposed to alter several physico
chemical characteristics of water. Exposure to magnetic fields can 
reduce the clustering of water molecules by weakening hydrogen 
bonding, leading to smaller molecular aggregates with greater mobility 
and solubility potential (Otsuka and Ozeki, 2006; Cai et al., 2009). 
Magnetically treated water also exhibits reduced surface tension, which 
may enhance penetration and diffusion across cellular membranes 
(Moussa et al., 2025). Collectively, these changes could improve hy
dration, nutrient transport, and metabolic efficiency in biological sys
tems (Shamsaldain and Rawee, 2020). In practice, magnetization 
systems are typically installed inline within the water distribution 
network, allowing the continuous passage of water through a magnetic 
field before reaching the drinkers (Moussa et al., 2025). Reported effects 
include reduced scale formation due to altered calcium carbonate 
crystallization, enhanced dissolution of minerals, and improved hydra
tion and metabolic efficiency in livestock (Shamsaldain and Rawee, 
2020; Youssef, 2025).

Studies indicate that MW can positively influence poultry production 
by enhancing growth rate, feed efficiency, immunity, and egg quality, 
while also reducing the incidence of certain pathogenic microbes 

(El-Hanoun et al., 2017; Jassim and Aqeel, 2017; El-Sabrout and Hanafy, 
2017; Soliman et al., 2021). These technologies represent emerging, 
eco-friendly alternatives to conventional chemical sanitization, focusing 
on optimizing the water's structure and intrinsic properties to support 
animal health and productivity. The main findings from published 
studies on the use of magnetized drinking water in poultry are sum
marized in Table 3, highlighting reported effects on growth perfor
mance, feed efficiency, hematological traits, and antioxidant status.

Several studies have examined the magnetization effects on water 
and feed intake, growth performance, carcass characteristics, hemato
logical and biochemical parameters, reproductive performance, and egg 
quality across different bird species and experimental conditions 
(Mahmoud et al., 2017; Radha and Sardary, 2021; Yusuf et al., 2022). 
Notably, El-Hanoun et al. (2017) found that geese given MW at 4000 
gauss exhibited increased (P < 0.05) water intake compared with birds 
consuming untreated water. Conversely, Al-Mufarrej et al. (2005), 
Al-Fadul (2006), and Mahmoud et al. (2017) observed reduced water 
consumption in broilers when MW was supplied, which McMahon 
(2009) attributed to modifications in surface tension, viscosity, and 
solubility that affect hydration behavior. Regarding feed intake, Gholi
zadeh et al. (2008) and Kırkpınar et al. (2023) reported that MW 
increased feed intake in broilers, whereas Al-Hassani and Amin (2012)
found no significant differences in Cobb-500 chicks treated with MW at 
500 gauss for 5-15 min. However, El-Katcha et al. (2018) noted a nu
merical increase in feed intake in broilers when MW treatment was 
repeated every six hours. The impact on body weight gain has been 
generally positive. Mahmoud et al. (2017) observed improved weight 

Table 3 
Summary of studies on the effects of magnetized water on poultry species.

Species Magnetic field 
strength

Reported 
beneficial effects1

References

Broiler 10000 G Lq, Aq Yusuf et al., 2022
Laying hens 1000 G Ue, Ss, St, Eq, ECC Radha and Sardary, 

2021
Laying hens 1500 G Ue, Ss, St, Eq, ECC Radha and Sardary, 

2021
Laying hens 2000 G Ue, Ss, St, Eq, ECC Radha and Sardary, 

2021
Broiler 13,200 G EcC, BW, FCR Soliman et al., 

2021
Japanese Quail 500 G Bp Al-Hilali, 2018
Japanese Quail 1000 G Bp Al-Hilali, 2018
Broiler NR BW, FCR, Bp El-Katcha et al., 

2018
Laying hens 2000 G EW, FCR, BW, Eq, 

Bp
Hassan et al., 2018

Laying hens 3000 G EW, FCR, BW, Eq, 
Bp

Hassan et al., 2018

Egyptian male 
geese

4000 G Bp, AI, SQ El-Hanoun et al., 
2017

Egyptian 
female geese

4000 G BW, Ep, FCR, WI, Ef; 
H, Eq, Cp

El-Hanoun et al., 
2017

Pekin ducks NR Bp El-Katcha et al., 
2017

Broiler NR BW, FI Mahmoud et al., 
2017

Broiler 1000 G Bp Jassim and Aqeel, 
2017

Broiler 500 G BW, FI, CY, Al-Hassani and 
Amin, 2012

Broiler 5000 G BW, Ci Elmusharaf et al., 
2010

Broiler 500 G WI Al-Mufarrej et al., 
2005

1 Lq: litter quality; Aq; Air quality; St: Shell thickness; Bp: Blood parameters; 
Ep: Egg production; Ef; Egg fertility; H: Hatchability; Cp: Chicks performances, 
M: Mortality; BW: Body weight, FCR: Feed conversion rate; CY: carcass yield; 
EcC: E. coli count, Ci: Coccidiosis infestation;; EW: Egg weight; Ue: Undesirable 
egg%; Ss: Shell strength; ECC: Egg Chemical Composition; AI: Antioxidant 
indices; SQ: Semen quality; NR: Not reported.

K. El-Sabrout et al.                                                                                                                                                                                                                             Poultry Science 105 (2026) 106523 

7 



gain in Sasso broilers. Likewise, Baker et al. (2024) found that magne
tization of drinking water significantly (P < 0.025) enhanced the growth 
rate and final body weight of broiler chickens. Moreover, El-Katcha et al. 
(2017) reported improved growth performance in Pekin ducklings and 
final body weight increases of approximately 19.6% in geese receiving 
MW, respectively. According to Gholizadeh et al. (2008), broilers 
consuming MW (6000 gauss) yielded about 200 g more meat than 
controls. Nonetheless, some studies found no significant differences, as 
reported by Al-Hassani and Amin (2012) and El-Katcha et al. (2018), 
who noted that repeated MW treatment produced only minor, 
non-significant gains in final weight and feed efficiency. Such discrep
ancies have been attributed to differences in strain, magnetization 
strength, water flow rate, and device type (Mahmoud et al., 2017). Feed 
conversion ratio (FCR) has shown consistent improvement under MW 
treatment, with significant reductions reported by Mahmoud et al. 
(2017) in broilers and by El-Hanoun et al. (2017) in geese. However, 
El-Katcha et al. (2017 and 2018) observed that repeated MW treatment 
only numerically improved FCR, protein efficiency ratio, and perfor
mance index in broilers and ducks. Livability and mortality responses to 
MW are variable: Gholizadeh et al. (2008) noted reduced mortality in 
MW-treated broilers, whereas Mahmoud et al. (2017) found slightly 
higher mortality (3.27% vs. 2.22%) in MW groups. Keirs et al. (2005)
reported that applying a magnetic field reduced mortality by nearly 48% 
in commercial layers, but Mitre (2018), El-Sabrout and Hanafy (2017), 
and Al-Hassani and Amin (2012) observed no significant effects on 
mortality or viability in various poultry strains. Although MW has been 
proposed to influence liver function and gut physiology, Gilani et al. 
(2014) observed no significant differences in intestinal or bone 
morphology between MW-treated and control groups.

Oxidative balance and antioxidant status appear to be positively 
affected by MW. Shah and Nagarajan (2013), Hafizi et al. (2014), and 
Ebrahim and Azab (2017) reported decreased malondialdehyde (MDA) 
and nitric oxide (NO) concentrations, along with increased superoxide 
dismutase (SOD) activity in tissues of MW-treated birds. El-Katcha et al. 
(2018) demonstrated that frequent MW treatment significantly (P <
0.05) enhanced total antioxidant capacity (TAC) and SOD activity, while 
reducing hydrogen peroxide levels. Notably, the balance between MDA, 
SOD, and NO serves as a critical determinant of health and growth 
performance, particularly under environmental or pathological stress. 
MDA is a primary byproduct of lipid peroxidation; elevated concentra
tions indicate severe oxidative damage to cell membranes, which is 
directly correlated with reduced body weight gain, increased FCR, and 
compromised intestinal integrity in broilers (Wang et al., 2013; Mishra 
and Jha, 2019; Mohamed et al., 2025). To counteract such damage, SOD 
acts as the first line of enzymatic defense by neutralizing superoxide 
radicals, while NO plays a dualistic role: while basal levels are vital for 
vasodilation and immunomodulation (Surai et al., 2019; Desbruslais and 
Wealleans, 2022; Oke et al., 2024).

Furthermore, MW improved immune status by elevating antibody 
titers against Newcastle disease vaccine at 35 days and reducing total 
intestinal bacterial counts by approximately 10% in the jejunum and 
27% in the colon (El-Katcha et al., 2018). El-Nagar et al. (2024) found 
that MW (14500 gauss) significantly (P < 0.05) reduced total bacterial 
counts, while Anne et al. (2016) demonstrated that magnetic fields (2-10 
mT for 6 h) inhibited E. coli growth by up to 82.2%. Elmusharaf et al. 
(2010) observed that a weak electromagnetic field (5 µT for 30 min/day) 
protected broilers from coccidiosis, suggesting that MW may serve as an 
alternative to anticoccidial drugs. Abdel-Azeem et al. (2023) confirmed 
positive effects of MW (≤1 Tesla) on hematological traits and intestinal 
villus morphology in Japanese quail. These effects may stem from 
increased mineral solubility and improved nutrient transport across cell 
membranes (Attia et al., 2015), along with enhanced water quality and 
reduced bacterial load (Sargolzehi et al., 2010; El-Nagar et al., 2024).

El-Hanoun et al. (2017) found that MW (4000 gauss) improved 
hatchability in geese, likely via enhanced immunity and reproductive 
health. MW also strengthened immune responses and intestinal integrity 

in Pekin ducks (El-Katcha et al., 2017) and reduced Salmonella preva
lence in broilers (El-Katcha et al., 2018). In contrast, Al-Mufarrej et al. 
(2005) reported no significant effect on immune parameters at 500 
gauss. Kırkpınar et al. (2023) documented increased serum total protein 
and globulin levels in broiler chickens given MW, while Al-Hilali (2018)
observed significant (P < 0.05) increases in hemoglobin, red and white 
blood cell counts, and packed cell volume in Japanese quail. Reductions 
in serum cholesterol, triglycerides, and very-low-density lipoproteins, 
along with elevated HDL concentrations, indicate improved lipid 
metabolism and cardiovascular health (Al-Hilali, 2018). These meta
bolic improvements may be linked to enhanced mineral solubility and 
oxygen transport, facilitating nutrient utilization and tissue oxygenation 
(Al-Daraji and Aziz, 2008). Jassim and Aqeel (2017) reported marked 
decreases in blood glucose, cholesterol, and triglycerides in Ross broilers 
consuming MW (1000 gauss), while El-Katcha et al. (2017) found that 
MW increased HDL and reduced LDL in Pekin ducklings. Yacout et al. 
(2015) also noted higher white blood cell counts, potentially reflecting 
increased immunoglobulin levels and bone marrow activity. Gilani et al. 
(2014) confirmed that MW (6500 gauss) caused no adverse blood 
biochemical changes.

Carcass characteristics were variably affected, as Gholizadeh (2008)
observed increased meat fat content, whereas El-Hanoun et al. (2017)
reported higher (P < 0.05) dressing percentages and reduced abdominal 
fat in geese receiving MW (4000 gauss), accompanied by improved renal 
and hepatic function. Kırkpınar et al. (2023) demonstrated that dressing 
yield can be affected by high magnetization of drinking water, while 
Al-Mufarrej et al. (2005) reported no significant differences at 500 
gauss. Gilani et al. (2014) showed that MW (6500 gauss) enhanced je
junal villus height and muscle layer thickness, suggesting improved 
nutrient absorption capacity. Reproductive and egg quality parameters 
also benefit from MW. El-Hanoun et al. (2017) observed increased egg 
number (+18.7%), egg weight (+4.3%), egg mass (+24.7%), eggshell 
thickness (+10.5%), and yolk percentage (+8.3%) in geese provided 
with MW. El-Sabrout and El-Hanoun (2019) reported that field strengths 
exceeding 1000 gauss per month enhanced eggshell thickness by 
approximately 9% in hens. Similarly, El-Sabrout and Hanafy (2017)
found that MW (14,500 gauss) improved shell quality in Lohmann 
Brown hens without significantly affecting egg yield, whereas Al-Kuhla 
et al. (2023) mentioned that MW treatment can increase egg production. 
El-Sabry et al. (2018) noted higher albumen and yolk heights (P ≤ 0.01) 
in eggs from hens given MW (3000 gauss). These findings suggest that 
MW enhances calcium availability, supporting eggshell formation 
(Verma, 2011) and maintaining bone calcium and phosphorus balance 
during laying (El-Sabrout and Hanafy, 2017; El-Sabry et al., 2018). 
Likewise, Hassan et al. (2018) showed that MW (2000 gauss) improved 
eggshell strength and overall performance in Gimmizah chickens. Darsi 
et al. (2017) observed that MW (0.65 Tesla) increased egg strength, 
possibly through altered limestone solubility. Reproductive traits were 
also enhanced, Al-Daraji and Aziz (2008) reported improved semen 
quality and volume in Hy-Line roosters exposed to MW (500-2000 
gauss), and El-Hanoun et al. (2017) found that MW (up 4000 gauss) 
improved geese fertility (+9%), hatchability (+11.6%), and number of 
hatched goslings alongside elevated estrogen and progesterone con
centrations. Collectively, these findings indicate that MW exerts broad 
physiological and productive benefits in poultry, though variations in 
experimental design, magnetic field strength, and treatment duration 
may explain inconsistencies among studies.

Ionized water

The use of ionized drinking water in poultry production, typically 
referring to alkaline electrolyzed water (AEW), is an emerging practice 
studied for its potential effects on bird health and productive perfor
mance. The ionization process, often achieved via electrolysis, alters the 
water's physicochemical properties, which are hypothesized to confer 
biological benefits (Ezzat et al., 2023; Khalil et al., 2025). Notably, 
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ionized water, produced via electrolysis to achieve a slightly alkaline pH 
and a negative ORP, is suggested to offer antioxidant properties and 
function as a mild disinfectant, reducing concentrations of pathogenic 
bacteria, Total Dissolved Solids (TDS), and algae within the water 
(Mohamed et al., 2025). Scientifically, this is believed to contribute to 
improved physiological status, health/immunity, and growth perfor
mance in poultry, including better feed conversion ratios and higher 
final body weights (Shihab et al., 2019; Ezzat et al., 2023; Khalil et al., 
2025).

Mohamed et al. (2025) demonstrated that ionization processes, 
particularly electrolysis, can influence key water quality parameters. 
Scientific literature suggests that the resulting alkaline ionized water 
often exhibits a negative ORP, indicating antioxidant properties. This 
altered state is proposed to enhance the water's biological activity and 
fluid dynamics, theoretically improving its absorption and participation 
in metabolic processes within the bird. Furthermore, the ionization 
technique has been associated with a reduction in microbial contami
nants such as heterotrophic plate counts, total dissolved solids (TDSs), 
and algal counts, contributing to a cleaner and safer drinking source for 
the flock.

Regarding ionized drinking water's impact on birds’ performance, 
several studies, primarily focused on broiler chickens, have investigated 
the effects of ionized water on performance metrics. Positive results 
have been reported, including higher final body weights and improved 
feed conversion ratios (FCR) compared to control groups receiving tap 
water (Mohamed et al., 2025; Khalil et al., 2025). These improvements 
are sometimes linked to the alkaline nature of the water, which may 
positively influence digestive physiology and nutrient metabolism. From 
an immunological standpoint, the consumption of ionized water has 
been correlated with enhanced immune responses. Research has shown 
increases in blood parameters indicative of better health, such as he
moglobin, total protein, globulin, and specific immunoglobulins (IgG, 
IgM) (Shihab et al., 2019; Mohamed et al., 2025). The negative ORP and 
associated antioxidant capacity may play a role by contributing to a 
higher TAC and a reduction in lipid peroxidation markers (like MDA), 
thereby mitigating oxidative stress and supporting overall physiological 
resilience against challenges.

However, the question remains: which is better, drinking alkaline or 
acidic water? According to recent research, a slightly alkaline pH, 
especially with a negative ORP, from electrolysis devices improves some 
productive and physiological traits in poultry birds (Jassim and Aqeel, 
2017; Shihab et al., 2019; Mohamed et al., 2025). On the other hand, 
several scientific studies overwhelmingly favor slightly acidic water 
over alkaline water for enhancing poultry gut health and nutrient di
gestibility (Zhang et al., 2025; Shah et al., 2025). Acidification of 
drinking water supports the bird’s natural digestive physiology by 
lowering the pH in the crop and proventriculus, which activates essen
tial proteolytic enzymes like pepsin that require an acidic environment 
to efficiently break down proteins into absorbable amino acids. 
Furthermore, a low water pH acts as a chemical barrier against patho
genic bacteria, such as Salmonella and E. coli, while simultaneously 
promoting the proliferation of beneficial, acid-tolerant microflora like 
Lactobacillus spp. that improve intestinal morphology (e.g., increased 
villus height).

Digitization and smart systems

Poultry industry 4.0 technologies refer to the integration of "smart" 
digital approaches into the poultry value chain to create a highly 
automated, data-driven, and interconnected production environment. 
The integration of these technologies is leading to smarter, more adap
tive, and efficient water treatment plants. Real-time monitoring & 
control system uses Internet of Things (IoT) sensors to continuously 
monitor water quality, flow, and equipment health, allowing for im
mediate process adjustments. Additionally, Artificial Intelligence (AI) 
and Big Data are employed for predictive maintenance, optimizing 

chemical dosing, and managing energy consumption to lower opera
tional costs and improve reliability. Hence, modern PLF strategies have 
increasingly integrated real-time water quality surveillance as a core 
component of flock management. By deploying advanced sensors to 
continuously track critical variables, specifically pH, temperature, and 
ORP, these systems enable the automated, instantaneous modulation of 
water treatment protocols. This closed-loop approach ensures optimal 
sanitization levels are maintained, thereby guaranteeing consistent 
water hygiene and directly enhancing overall flock productivity 
(Tzanidakis et al., 2023; Papakonstantinou et al., 2024).

The advancement of PLF technologies signifies a shift from tradi
tional observational management to data-driven proactive in
terventions, where real-time water quality monitoring serves as a critical 
biological "early warning system." While the integration of pH, tem
perature, and ORP sensors is scientifically robust for optimizing saniti
zation, current research highlights that the majority of these advanced 
"closed-loop" systems remain in the prototype or early commercializa
tion stages, with widespread literature still focused on experimental 
rather than large-scale field data (Prakash, 2025; Hassoon et al., 2025). 
The transition from research to practice is currently hindered by high 
initial capital costs and technical challenges such as sensor drift, the 
need for frequent calibration, and rural internet connectivity gaps.

Evaluating the cost-effectiveness and efficacy of treatment 
strategies

The most common treatment, chlorination, remains popular because 
it is the cheapest option and provides a "residual" effect that keeps killing 
germs as water moves through the pipes. However, its efficacy is highly 
dependent on water pH; if the water is even slightly alkaline, chlorine 
loses its power. On the other hand, advanced oxidation (like Ozone or 
UV) is far more effective at killing tough pathogens that chlorine misses, 
but these systems require a much higher initial investment and offer no 
protection once the water leaves the treatment device.

Acidification occupies a "middle ground" in terms of cost. While more 
expensive than basic chlorine, it provides a dual benefit: it sanitizes the 
water and improves the bird’s internal gut health. By lowering the pH, it 
helps the birds digest protein more efficiently and creates an environ
ment where "bad" bacteria like Salmonella cannot survive. For pro
ducers, the extra cost of the acid is often recovered through better feed 
conversion ratios (FCR) and a reduced need for expensive antibiotics.

Advanced technologies like ionization and PLF sensors involve the 
highest upfront costs but offer the most consistency. Ionization is 
increasingly valued for its ability to reduce physiological stress in birds, 
which can lead to higher meat yields. Meanwhile, PLF tools (like real- 
time pH and ORP sensors) act as an insurance policy. By providing 
24/7 monitoring, they prevent "silent" failures in water quality that 
typically go unnoticed with manual testing, ensuring that the money 
spent on treatments is actually resulting in clean water at the drinker 
line.

Ultimately, the most cost-effective strategy for a modern poultry 
farm is rarely a single treatment, but an integrated approach. Combining 
low-cost filtration with precision dosing of acids or sanitizers ensures the 
highest level of biosecurity. While the initial price tag for these tech
nologies is higher, the long-term economic return is found in more 
uniform bird weights, lower mortality rates, and more sustainable water 
use, making them essential for high-performance commercial 
operations.

Conclusion

Improving poultry drinking water quality is optimally achieved 
through the integration and synergy of multiple treatment strategies, 
rather than relying on a single method. A holistic approach recognizes 
that contaminants often interact and require diverse interventions. For 
example, using a physical strategy like filtration can effectively reduce 
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suspended solids and microbial load, making subsequent chemical 
disinfection (e.g., using stabilized chlorine or peracetic acid) more 
efficient by decreasing the organic matter and biofilms that consume the 
disinfectant. Concurrently, implementing a nutritional strategy, such as 
controlled acidifiers, helps to modulate the pH of the water and the 
bird's gut flora, thereby inhibiting the proliferation of specific pathogens 
(e.g., Salmonella and E. coli) and mitigating the risk of scaling from 
mineral deposits. This combination, where physical removal enhances 
chemical efficacy, and biological/chemical modification promotes gut 
health and inhibits recontamination, results in a multiplicative benefit 
that far exceeds the sum of the individual contributions, leading to 
demonstrably improved flock health, performance, and biosecurity. 
Furthermore, the implementation of advanced electrolyzed water tech
nologies, such as magnetization and ionization, modifies the water's 
physicochemical characteristics. These changes are believed to confer 
biological benefits superior to standard tap water, demonstrating the 
potential to enhance bird health and productivity.
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