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ABSTRACT
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There has been a rapid shift in the feeding practices of backyard Revised: 31 October 2025

poultry, with increasing reliance on commercial feeds. Poultry feeds  accepted: 31 October 2025
are often supplemented with trace elements to meet nutritional = Published: 12 December 2025
requirements, but can become contaminated with heavy metals

during production and handling processes. This study analyzed trace

elements, iron (Fe), copper (Cu), zinc (Zn), and heavy metals, lead (Pb) @@@@
and cadmium (Cd), in feed samples from 10 commercial brands using BY NC ND
microwave plasma-atomic emission spectroscopy. Results showed  ©rthe authors. This is an Open
that Fe and Cu levels exceeded the recommended limits in most  Accessarticle distributed under the
feeds, as per the Philippine Society for Animal Nutritionists (PhilSAN) }ft;?;m?;n‘;% Creative Commons
and the National Research Council (NRC), with Fe being highest in  (htps:/creativecommons.org/
layer feeds (965.83mg kg™) and Cu in booster feeds (164.26mgkg”).  licenses/by-nc-nd/4.0/)

Zn levels varied, exceeding limits in most booster, grower, layer, and

finisher feeds. Detectable Cd was found in booster, starter, grower,

and finisher feeds, while Pb was only present in some brands of
boosterfeeds. These findings underscore the importance of stringent

regulatory guidelines for regulating trace element incorporation and

ensuring feed quality.
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INTRODUCTION

The rapid increase in poultry meat and egg production is expected to continue
globally, with most of this growth projected to occur in developing countries, driven
by rising economies, urbanization, and higher household incomes (Scudiero et al.,
2023; Ravindran, 2013). Over recent decades, the poultry industry has undergone
significant adjustments to meet the growing demand for a safe and affordable
supply of meat and eggs (Xie et al., 2024; Gerber et al., 2008).

Backyard poultry farming in the Philippines is widespread and a substantial
source of income and food for small-scale farmers in rural and suburban areas. The
lack of natural foraging resources has made farmers rely on commercial feeds
locally available from agricultural and veterinary (agrivet) supply outlets. Poultry
feeds are designed to provide birds with all the necessary nutrients for their optimal
growth as well as egg and meat production (Obi & Ozugbo, 2007).

Feed quality is enhanced by adding trace elements to enhance productivity and
improve economic returns (Durso & Cook, 2014). Trace elements are given in small
quantities to support animal growth, health, and bird productivity (Leeson &
Summers, 2001). Elements such as zinc, copper, iron, manganese, and selenium
are often added to poultry and livestock feeds to ensure the animals receive
adequate nutrition, especially when the natural sources of these elements may be
insufficient or unavailable. Despite the benefits, trace element supplementation is
confronted with rising environmental (Finley et al., 2013; Durso & Cook, 2014) and
ethical concerns (Littmann et al., 2015). Alternatively, lead, cadmium, mercury, and
arsenic are heavy metals that may enter animal feeds through contaminated
feedstuffs (Tao et al., 2020). Both trace elements and heavy metals pose a risk of
bioaccumulation in poultry tissues, which, when humans regularly consume these
products, can lead to neurological impairment, developmental abnormalities, organ
dysfunction, and an increased risk of chronic diseases and cancers (Littmannetal.,
2015; Wu et al., 2016). Poultry manure loaded with such elements potentially
damages the environment through leaching into soil and water systems
compromising crop production and food safety in surrounding agricultural areas
(Delgado Arroyo et al., 2014).

To address this concern, regulatory agencies in advanced countries, including
the European Food Safety Authority, set limits for permissible trace element
concentrations in animal feeds to protect both health and the environment
(European Union, 2006). However, regulatory guidelines for the use of these
elements in feeds in the Philippines require clarification.

This study evaluated the concentration of selected trace elements and heavy
metals in commercial poultry feeds commonly sold in Baybay City, Leyte,
Philippines to assess if their concentrations are within the safety limits set by the
Philippine Society for Animal Nutritionists (PhilSAN, 2010) and the National
Research Committee (NRC, 1980). Generated information will be valuable in
crafting informed guidelines to ensure human and animal health, food safety, and
environmental sustainability. This study has the potential to significantly impact
existing relevant laws or shape new policies to regulate and monitor the use of
these elements, ensuring the safety and sustainability of poultry production in the
country.
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Preliminary assessment of trace elements and toxic heavy metals in poultry feeds
MATERIALS AND METHODS
Study Design and Sample Collection

This study employed a cross-sectional design to assess trace element
concentrations in commercially available poultry feeds in Baybay City, Leyte.
Following the recommendations of VanVoorhis and Morgan (2007), a total of 30
feed samples were collected from nine randomly selected agricultural and
veterinary supply (agrivet) stores in the central area of the city. The samples
included booster, starter, grower, layer, and finisher feeds, representing 10 different
brands. To maintain confidentiality, brand names were anonymized and coded
alphabetically (e.g.,A, B, C).

A brief survey of the stores identified the ones most frequently visited by
poultry farmers and the brands they purchased most commonly. Stores were
included if they offered at least two brands of poultry crumble feeds, the preferred
feed form among backyard farmers, and provided consent to participate in the
study. Feed samples were randomly purchased from multiple stores to capture the
variability of brands sold locally. Due to differences in stock availability, some feed
types were sampled from a single store.

Sample Processing and Element Analysis

Five elements, copper (Cu), iron (Fe), zinc (Zn), cadmium (Cd), and lead (Pb),
were analyzed in the feed samples. Cu, Fe, and Zn were included because they are
commonly added as mineral supplements, while Cd and Pb were examined due to
their potential occurrence as contaminants in feed ingredients (Domel, et al., 2024;
Lee & Kim, 2025). Approximately 250—500g of each sample were purchased from
Agrivet stores. Samples were taken from opened or partially filled feed sacks as
adulteration or heavy metal contamination may occur during handling. Each
sample was placed in a labeled zip-lock plastic bag and transported to the
Microbiology Laboratory of the Faculty of Veterinary Medicine, Visayas State
University, Baybay City, Leyte, for processing.

The quartering method described by Herrman (2001) was used to reduce the
initial feed sample to a few grams for analysis. Approximately 100g of feed were
ground in a mortar and pestle and thoroughly mixed. Each sample was poured onto
sterile paper, formed into a round shape, and divided into four quadrants. The
upper right and lower left portions were removed and then remixed; this process
was repeated until a sample weight of 10g was achieved.

The samples were homogenized and submitted to the Central Analytical
Services Laboratory at the Philippine Root Crop and Training Center, Visayas State
University, for analysis. The feeds were analyzed for trace elements and heavy
metals following the procedure illustrated in Figure 1 based on the method of
Suleiman et al. (2015). The concentration of elements was determined using
microwave plasma atomic emission spectroscopy (MP-AES 4200, Agilent, USA).
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Weigh 1 g of feed sample
¥

Transfer feed sample into 50 mL Kjeldahl digestion flask
\j
Add 10 mL of concentrated nitric acid, followed by 2 mL of perchloric acid
\j
Swirl the contents gently and digest at about 370°C heat in a digestion block

\j
Slowly increase temperature to 450°C and heat for 15 min

¥
Cool the digested samples after the appearance of white fumes

Dissolve samples in 10 mL distilled water and filter with Whatman paper
¥
Pour filtrates into 50 mL prewashed bottle
¥

Obtain aliquot for element analysis in MP AES

Figure 1. Filtration process and quantification of trace elements and heavy
metalsin feed samples

Data Analysis

Concentrations of trace elements (Cu, Fe, Zn) and heavy metals (Cd, Pb) in
commercial poultry feeds were analyzed by feed type and brand. Each sample was
evaluated for conformity to recommended limits (Cu: 4-8mgkg™'; Fe: 50—-80mg kg
. Zn: 40-75mg kg'; NRC, 1980; PhilSAN, 2010) and classified as “Below,"
“Acceptable,” or "Above" the limit. Data are presented in tabular form, showing feed
type, brand, sample size (N), mean + standard deviation (SD), and conformity
classification. Descriptive statistics were used due to the exploratory nature of the
study, small sample sizes, and uneven replication across brands. For brands with
multiple samples (N > 1), SD was reported to indicate within-brand variability and
consistency of elemental concentrations.

RESULTS

Trace Element Concentration in Feed Samples

Levels of trace elements in commercial poultry feed samples were evaluated
against the standards set by the National Research Committee (NRC, 1980) and
the Philippine Society for Animal Nutritionists (PhilSAN, 2010).

As shownin Table 1,the comparative analysis of Cu, Fe,and Zn across different
poultry feed brands revealed elevated concentrations of these trace elements,
exceeding therecommended dietary levels.
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Table 1. Concentrations of copper (Cu), iron (Fe), and zinc (Zn) in commercial poultry feeds and their conformity to recommended limits.

Conformity Conformity Conformity
.T.;Eg Brands N Cu (mg/kg) to C(::_gm't Fe (mg/kg) to(gg_lé'g't Zn (mg/kg) to(fg_l;rglt
mg/kg)? mg/kg)? mg/kg)?
Booster A 2 120.00+8.74 Above 151.75+7.23 Above 182.85+3.94 Above
B 1 164.25 Above 143.59 Above 126.93 Above
C 2 12.75+1.75 Above 117.82+3.86 Above 45.70+9.40 Acceptable
E 1 28.29 Above 200.83 Above 119.54 Above
G 1 10.12 Above 315.82 Above 41.03 Acceptable
H 1 21.01 Above 224.95 Above 73.62 Acceptable
| 1 41.64 Above 133.74 Above 85.85 Above
Starter A 2 149.34+3.65 Above 167.92+14.05 Above 167.94+12.8 Above
B 3 75.72+55.61 Above 148.60+36.49 Above 127.22+18.88 Above
C 2 17.48+0.40 Above 326.91 Above 59.26+1.77 Acceptable
I 1 26.45 Above 218.15 Above 120.13 Above
Grower F 1 3.89 Acceptable 237.94 Above 9.55 Below
H 1 25.85 Above 462.36 Above 100.53 Above
I 1 19.53 Above 186.78 Above 110.00 Above
J 1 24.90 Above 601.75 Above 100.34 Above
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Table 1. continued

Conformity Conformity Conformity
%Eg Brands N Cu (mg/kg) to ((::_Iém't Fe (mg/kg) to(gg_lérglt Zn (mg/kg) to(ig_l;rglt
mg/kg)? mg/kg)? mg/kg)?
Layer B 2 21.1142.23 Above 422.65 Above 114.90+14.79 Above
D 1 8.07 Acceptable 911.22 Above 42.85 Acceptable
H 1 28.75 Above 965.83 Above 82.97 Above
Finisher B 2 142.02+15.07 Above 147.08+15.07 Above 124.02+10.80 Above
C 2 T73.73485.27 Above 328.55+58.63 Above 111.13+81.11 Above
I 1 1.21 Below 265.97 Above 4.27 Below

Total 10 30

Note: Conformity to element limits is based on NRC (1980) and PhilSAN (2010) recommended ranges: Cu, 4-8mg kg'; Fe, 50-80mg kg™; Zn, 40-75mg kg™. “Above"
indicates concentrations exceeding the upper limit, “Acceptable” indicates concentrations within the recommended range, and “Below” indicates concentrations below the

lower limit.
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Preliminary assessment of trace elements and toxic heavy metals in poultry feeds

Copper

The National Research Council (1980) recommends a Cu concentration of 6-
8mg kg™ for broiler feeds, while PhilSAN (2010) suggests 5-8mg kg for breeders and
5-10mg kg™ for egg-type feeds. Results of the study revealed that many commercial
feed samples exceeded these recommended levels. Copper concentrations in
booster feeds ranged from 10.12 to 164.26mg kg', with only brands C and G
approximating the recommended levels. Starter feeds exhibited a wide range of Cu
concentrations (17.48-149.35mg kg"), with brand A showing the highest level
(149.35mg kg"). Grower feeds contained Cu concentration between 3.89 and
25.85mg kg™, with brand F falling below the recommended range at 3.89mg kg™
Layer feeds had Cu concentration ranging from 8.07 to 28.75mg kg™, with only brand
D having acceptable level. Finisher feeds showed the widest variation in Cu
concentration (1.21-142.02mg kg ™), with brand | recording the lowest level (1.21mg
kg™"), substantially below the recommended range. Although mean Cu levels varied
significantly among booster feed brands, their concentrations were below the
maximum tolerable limit of 250mg kg™ for poultry feeds (NRC 2005).

Iron

Iron (Fe) concentrations in commercial poultry feeds varied widely, ranging from
117.82 t0 965.83mg kg . Layer feeds exhibited the highest Fe levels, while booster
feeds had the lowest. These concentrations exceeded the recommended Fe ranges
of 50-80mg kg™ for broiler feeds and 25-70mg kg for layer feeds, as outlined by
NRC (1980) and PhilSAN (2010). Specifically, Fe levels in booster feeds ranged from
117.82-315.82mgkg’, 148.60-326.91mg kg ' in starter feeds, 186.78-601.75mg kg’
'in grower feeds, 422.65-965.83mg kg™ in layer feeds, and 147.08-328.55mg kg in
finisher feeds. Notably, while many samples were above dietary limits, some
samples, particularly among layer feeds, surpassed the maximum tolerable limit of
500mgkg” (NRC, 2005).

Zinc

The NRC (1980) and PhilSAN (2010) recommend Zn concentration in feeds to be
between 40-75mg kg™ and 40-80mg kg™, respectively. Booster feeds contained Zn
levels ranging from 41.03 to 182.85mq kg'. Only three brands (C, G, H) adhered to
the recommended limits. Starter feeds had Zn levels between 59.26 and 167.94mg
kg, grower feeds between 9.55-110.00mg kg, and layer feeds between 42.85-
114.90mgkg™. Finisher feeds contained Zn levels ranging from 4.27-124.02mg kg™
These measured Zn levels were below the maximum tolerable limit (500mg kg ™).

Heavy Metal Concentration in Feed Samples
Cadmium and lead

According to NRC (1980) and PhilSAN (2010), heavy metals such as cadmium
(Cd) and lead (Pb) should be completely absent (Omg kg™) in commercial feeds. As
shown in Figure 2, Cd and Pb concentrations in the analyzed feed samples ranged

from trace to detectable levels; however, all values remained below the maximum
tolerable limitof 10mgkg™ (NRC, 2005).
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Cadmium concentrations reached up to 0.16mg kg’ in booster feeds, 0.10mg kg’
'in starter feeds, 0.13mg kg™ in grower feeds, 0.07mg kg in layer feeds, and 0.12mg
kg" in finisher feeds. Although Cd was detected in all feed types, its concentrations
were within the maximum tolerable limit.
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Figure 2. Mean concentrations (mg/kg) of (A) trace
elements (Fe, Cu, Zn) and (B) toxic metals (Cd, Pb) in the
analyzed samples. Error bars indicate 95% confidence
intervals.

Similar to Cd, Pb is not recommended in poultry diets due to its toxicological
risks. Pb was detected in trace amounts, with most feeds containing negligible
levels. However, notable exceptions included starter feeds from brand | (up to
0.39mg kg"') and finisher feeds from brand C (up to 0.13mg kg'). While these Pb
levels were below the maximum tolerable limit, their presence could suggest
potential contamination of the feed.
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DISCUSSION

Commercial feeds are vital components of a healthy diet for backyard poultry.
They are convenient to use and contain additives and medications that help
preventcommon poultry diseases. However, trace elements as additives should be
administered at the recommended amount, as excessive manure levels can
contaminate soil and water, posing detrimental effects to health and the
environment. The increasing reliance of backyard poultry on commercial feeds can
exacerbate environmental contamination through improper manure disposal.
Frequent exposure of surrounding soil and water to poultry manure can lead to the
accumulation of trace elements over time causing mineral imbalances that may
adversely affect other organisms relying on these ecosystems.

Findings of this study revealed excessive concentrations of Cu in most of the
commercial poultry feeds sold in Baybay City, although all observed levels
remained below the maximum tolerable limit (MTL) of 250mg kg for poultry (NRC,
2005). The Cu concentrations observed were substantially higher than those
reported in poultry feeds from Saudi Arabia (8.94-16.61mg kg™') and Bangladesh
(45.67-98.67mg kg) (Korish & Attia, 2020; Rahman et al., 2014). While the levels
did not exceed the MTL, the excess Cu above recommended ranges can still lead to
unnecessary excretion in manure, which may accumulate in the environment and
contribute to soil and water contamination. Cu is essential for bone formation and
cardiovascular health (Berger & Cunha, 2006), but excessive intake can interfere
with the absorption of other trace elements, such as iron (Fe) and zinc (Zn),
potentially causing nutritional deficiencies (Nguyen et al., 2022). Chronic exposure
to elevated Cu levels, even below the MTL, may impair liver and kidney function and
reduce growth performancein poultry (Richards et al.,2010).

Of particular concern is the potential transfer of Cu residues from feed to
poultry tissues, as Cu tends to accumulate in the liver, gizzard, and muscle, which
are commonly consumed by people (Korish & Attia, 2020). Regular consumption of
such Cu-enriched poultry products such as chicken meat and eggs could increase
dietary Cu intake, resulting in oxidative stress, gastrointestinal disturbances, and
hepatic toxicity in humans (Gaetke & Chow, 2003). Moreover, Cu-rich manure
poses environmental risks, as accumulation in soil can decrease fertility, adversely
affect plant growth (Chen et al., 2022), and, through erosion or runoff, contaminate
nearby water bodies, contributing to aquatic toxicity and ecosystem degradation
(Gupta & Gupta, 1998). Conversely, feed brands with Cu levels below recommended
ranges may indicate insufficient supplementation, which can impair hemoglobin
synthesis, enzyme function, and overall poultry productivity (NRC, 2005).

The Fe concentrations in the analyzed feeds were considerably higher than the
recommended levels and MTL, and also exceeded those reported in Saudi Arabia
(Korish & Attia, 2020). While Fe supplementation is essential for various
physiological processes in poultry, excessive levels can trigger oxidative stress
causing cellular damage and impaired growth and development (Cooper, 2000;
Tilman et al., 2002). Fe concentrations reached up to 965.83mg/kg in layer feeds,
far exceeding the MTL, which may lead to liver and kidney dysfunction due to Fe
toxicity (Han et al., 2022). Additionally, Fe excreted in manure can accumulate in
the environment, leading to soil acidification, nutrient imbalances, and leaching
into water bodies, with potential long-term contamination and adverse effects on
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aquatic organisms (Tilman et al., 2002; U.S. EPA, 2024). These findings underscore
the need for monitoring of Fe supplementation in commercial poultry feeds to
prevent both health risks to poultry and environmental contamination.

As with Cu and Fe, Zn concentrations varied among feed brands, with some
exceeding, meeting, or falling below the recommended range of 40-75mg kg™ (NRC,
1980; PhilSAN, 2010). Zinc plays a vital role in growth, reproductive performance,
immune response, and antioxidant defense in poultry (Naz et al., 2016). However,
feeds with suboptimal Zn levels may lead to impaired growth, reduced hatchability,
weakened immunity, and increased susceptibility to infections. Conversely,
excessive Zn intake can cause digestive disturbances, kidney dysfunction, and
diminished absorption of other trace elements (Dong et al., 2023). Moreover,
continuous Zn excretion through manure contributes to soil infertility, altered
microbial activity, and water contamination, posing long-term environmental risks
(Andresenetal.,2018).

The detection of Cd and Pb in commercial feeds, although within maximum
tolerable limits, suggests possible contamination along the feed production chain.
Comparable studies reported higher concentrations, with Cd levels ranging from
3.33-16.67mg kg, 2.88-98.08mg kg, and Pb concentration of up to 5mg kg in
poultry feeds from Bangladesh, Northeast China, and Saudi Arabia, respectively
(Rahman et al., 2014; Zhang et al., 2012; Korish & Attia, 2020). These elevated values
are alarming as they exceed the maximum tolerable limits, underscoring the potential
health and environmental risks associated with heavy metal contamination. Even
low-level exposure is concerning, as prolonged exposure results in bioaccumulation
in poultry tissues, potentially exceeding safe limits in edible products such as meat
and eggs resulting in health risks to consumers (Korish & Attia, 2020). The presence
of heavy metals in feeds often reflects the use of contaminated raw materials such as
grains or mineral premixes exposed to pollutants from fertilizers, pesticides, or
improper storage conditions (Adekanmi, 2022; Bartkowiak, 2022).

Site observations of feed retail stores in Baybay City, Leyte revealed that poultry
feeds were often displayed in semi-open areas exposed to dust and soil, and were
frequently handled by multiple personnel with minimal hygiene controls. In several
stores, feeds were stacked near corrosive materials such as cleaning agents and
disinfectants, while some reused feed sacks or containers that could retain metal
residues. A few establishments also stored or sold fertilizers and pesticides
alongside feed products, increasing the risk of cross-contamination. Environmental
factors—including proximity to roads, small workshops, and other potential sources
of airborne pollutants—may further promote the deposition of Cd and Pb on feed
surfaces. These inconsistent storage and handling practices heighten the risk of
trace heavy metal contamination during retail distribution (Aljohani, 2023; Chen et
al., 2022).

The findings of this study provide a valuable baseline for strengthening the
monitoring and routine testing of commercial poultry feeds sold in Baybay City,
Leyte. The results highlight the need for stricter implementation of local feed quality
standards and improved coordination among feed producers, retailers, and
regulatory agencies.
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CONCLUSION

The study highlights that commercial poultry feeds sold in Baybay City, Leyte
contain trace element concentrations exceeding recommended nutritional levels,
along with detectable amounts of heavy metals. These results raise significant
concerns for animal and public health, as well as for the potential of environmental
contamination. Although the measured concentrations remain within maximum
tolerable limits, the consistent presence of elevated levels underscores the need
for rigorous local monitoring and evaluation of trace element supplementation in
feed formulations. Clear regulatory guidelines must be established and strictly
enforced to ensure the quality of feed ingredients. Additionally,improving handling,
storage, and hygiene practices among feed retailers and distributors are crucial to
reduce contamination and safeqguard feed safety. Addressing these gaps is vital to
maintaining feed quality, protecting consumer health, and promoting sustainable
poultry production in Baybay City and nearby areas.
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