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Abstract— Bisphenol A (BPA) and micro plastics (MPs)
have been detected across various species, including
humans, mammals, fish, birds, and invertebrates,
indicating the potential for extensive exposure and
bioaccumulation. Moreover, their prevalence has been
increasing, contributing to an elevated risk of various
pathological conditions. This research was undertaken to
investigate the accumulation of BPA in edible tissues of
goat such as (kidney, liver, meat and adipose tissues).
Methodology: Hundred samples collected from 25 female’s
goat for edible tissues (meat, liver, kidney, and adipose
tissue) aged between 6 and 8 months (25 samples from each
tissue). The Karbala slaughterhouse for red meat in the
Governorate was where tissue samples were taken between
November 2024 and January 2025. Results: The results
showed that, when judged against standard criteria, the
average amounts of BPA buildup in these tissues ranged
from moderate to high. The findings showed that while the
kidney and meat each had medium concentrations (0.1-1
Hg/g), the liver and fat had high BPA levels (over 1 pg/g).
Bisphenol A (BPA) was most concentrated in the liver, in
adipose tissues, then in meat, and last in the kidney. The
application of the ANOVA analysis in current study
facilitated the assessment of statistically significant
differences among the four sample groups. The analysis
revealed that liver and adipose tissues exhibited significant
variation compared to kidney and muscle tissues, based on
the obtained statistical parameters. In conclusion, the
results underscore the toxicological risks associated with
BPA. When exposure levels exceed the established daily
tolerable intake which about 0.05 mg per kg /body weight,
BPA can bioaccumulate in biological tissues, potentially
leading to a range of adverse health effects.
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INTRODUCTION

ed meat had played a significant role in human nutrition
throughout evolutionary history. When consumed as

the part of a diverse and balanced diet, the red meat

also, served as a valuable sources of highly biological
value protein, and several of the essential micronutrients are
present in forms that exhibited greater bioavailability compared
to those found in plant based or alternative food sources.
Certain nutrients found in red meat, such as iron, zinc, and
vitamin B12, have been recognized as commonly deficient in
specific population subgroups (1). Furthermore, meat and meat
edible products rank among the densest components of the
nutrient human diet. They served as the significant sources of
energy and provide a wide range of essential nutrients,
including protein with high quality, bioavailable micronutrients
such as zinc, iron, and selenium, and the key vitamins such as
B-complex like B12, B6, and folic acid. Additionally, they
contained several bioactive components such as carnitine,
taurine, ubiquinone, glutathione, carnosine, and creatine that,
contributed to the various metabolic processes. Historically,
meat has played a crucial role in human evolution and continues
to be an integral part of a nutritious, balanced diet (2). Goats are
remarkably resilient and productive small ruminants, valued for
their ability to thrive in diverse ecological conditions. Despite
their agricultural importance, goat meat production and
consumption remain underutilized globally. Yet, this sector
holds significant promise in addressing food security
challenges, particularly for a growing population (3). In many
developing countries, goat meat serves as a vital source of
animal protein, though its consumption is still limited in
numerous regions. Recently, however, shifting consumer
attitudes—fuelled by increasing recognition of the health
benefits of lean, low-fat, and low-cholesterol meats—have
spurred greater interest in goat meat (4,5). At the same time, a
pressing concern arises from the presence of endocrine-
disrupting compounds (EDCs) in the environment. These
chemicals pose substantial risks to both human health and
ecosystems by interfering with hormonal regulation. Such
disruptions can lead to widespread adverse effects across
multiple species (6).
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These exogenous agents can mimic or inhibit endogenous
hormones, disrupting reproductive and developmental
processes in diverse species (7). One of the most widely studied
endocrine-disrupting compounds (EDCs) is bisphenol A (BPA),
which exerts its toxic effects primarily through estrogenic
activity, impairing physiological functions in multiple organ
systems. From a chemical perspective, BPA is a hydroxyphenyl
propane derivative featuring two phenol rings, each with
hydroxyl groups at the para positions. This unique structure
enhances its reactivity, allowing BPA to participate in
electrophilic  substitution reactions and form various
derivatives, such as ethers, esters, and salts (8). Given its
bioactive properties and pervasive environmental presence,
maintaining heightened awareness of the risks associated with
chronic low-dose BPA exposure is critical (3).

However, further epidemiological studies are necessary to
conclusively determine the relationship between BPA exposure
and adverse health effects. In the meantime, healthcare
providers should prioritize educating women—particularly
those planning pregnancy or currently pregnant—about the
potential risks of BPA exposure and effective mitigation
strategies (9). Microplastics (MPs) had been investigated in
various animal species, including mammals, birds, fish, and
also, invertebrates, that indicated the potential widespread for
bioaccumulation, and environmental exposure thus upon
ingestion, MPs can be interacted with the gastrointestinal
system, and potentially affecting, composition of gut
microbiota, nutrient absorption and overall digestive function.
Additionally, MPs may be served as the carriers for the other
chemical contaminants, thereby enhancing their bioavailability
and exacerbating their toxic effects on several animals, while
some studies suggesting that MPs can lead to adverse health
outcomes in animals such as oxidative stress, inflammation, and
endocrine processes disruption, the full extent of the health
impacts and long-term consequences of the exposure of MPs on
nutrition of animal still remains uncertain (10).

MATERIALS AND METHODS

A total of 100 samples were collected from 25 female goats,
with 25 samples obtained from each of the following edible
tissues; muscle, liver, kidney, and adipose tissue. The tissue
samples were sourced from the Karbala red meat
slaughterhouse in the Karbala Governorate, between November
2024 and January 2025. Samples were collected 24 hours prior
to the extraction process and were stored at 4°C to maintain
their integrity. BPA residues were extracted from the tissue
samples using organic solvents. Following extraction, the
resulting extracts were analysed for BPA content using high-
performance liquid chromatography (HPLC).

*Extraction of BPA from Living Tissues:

The method of extraction utilized in this study was a
modified adaptation of the multiresidue analysis technique
described in a previous study (11). About 5 grams of meat and
edible tissues were separately weighed, crushed, and
homogenized. To each sample, added 25 mL of acetonitrile, and
the mixture was agitated for 30 minutes by using a magnetic
stirrer, followed by 15 minutes standing period. Subsequently,

the liquid phase was separated, and the extract at 45,000 rpm
for 15 minutes was centrifuged to eliminate the solid residues.
The resulting supernatant was transferred to an Erlenmeyer
flask and placed in a fume hood above a water bath heated to
below 50°C, where it was allowed to evaporate completely.
Once dried, the residue in the flask was washed with one mL of
acetonitrile, then was collected in an opaque glass vial. Until
that, 100 pL of solvent A and 150 pL of solvent B were added.
The samples were forwarded to the laboratory of the
Materials Research Department at the Ministry of Science and
Technology in Baghdad for analysis via high-performance
liquid chromatography (HPLC) (12). The chromatographic
conditions were as follows: the mobile phase comprised a 60:40
mixture of methanol and distilled water, and a C18-ODS
column (25 cm x 4.6 mm) was employed. UV-Vis. detection
was carried out at wavelengths of 224 or 220 nm. The flow rate
was maintained at 0.7 mL/min, and the injection volume was
20 pL (13).
Ethical Approval: The research adhering to ethical principles
derived from the Declaration of Helsinki. The protocol of this
study, subject information, and consent form underwent review
and received approval from a local ethics committee under the
reference number (UOK.VET.HE. 2024.093).

RESULT & DISCUSSION

In the present study, following the extraction procedure for
detecting BPA accumulation in biological tissues, the results
presented in Table (1), illustrate the mean concentrations of
BPA across different tissue types in comparison to established
reference standards. Elevated concentrations of BPA (greater
than 1 pg/g) were observed in the liver and adipose tissues,
whereas moderate levels (ranging from 0.1 to 1 pg/g) were
detected in the kidney and muscle tissues.

Table 1. Types of tissues and average concentration of BPA as
compared to standard criteria

Tissues Average of BPA Classification
(ng/g)
Liver 1.97 High
Kidney 0.71 Medium
Meat 0.64 Medium
Adipose 1.2 High
tissues
Classification Criteria:
. Low concentration: less than 0.1 pg/g
. Medium concentration: 0.1 — 1 pg/g
. High concentration: more than 1 pg/g

The analytical procedure was optimized and validated for the
detection of aglycone BPA specifically in adipose tissue, as well
as for total BPA across all examined tissue types. In contrast,
edible tissues from the control group of rams were generally
found to be free of BPA contamination (14). The exposure to
BPA at low doses in different animals had been linked to a huge
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range of adverse effects, including carcinogenic, neurological,
and also, reproductive impacts; such as an increased
susceptibility of breast and prostate cells to carcinogenesis (15).
Despite uniform exposure doses, varying BPA concentrations
were detected in the tissues of exposed rams, particularly in
adipose tissue. Therefor these differences were largely
attributed to individual variations in bioavailability and
metabolic processing, as well as inherent analytical
uncertainties (16).

In this study the concentration of BPA detected in (Meat,
Liver, Kidney and Adipose tissues) of goat, the results found
there were a significant difference among these tissues as
cleared in table (2).

Table 2: ANOVA analysis for P value of BPA in goat meat and
edible parts

liver  Kkidney meat . Pvalue
tissues
Tissues 197+ 071 0f4 120 0o,
ofgoat o421 0214 0.23 :
0.24
a b b a

Pvalue <0.05 is significant

In this study, BPA concentrations were quantified in four
edible goat tissues: liver, kidney, muscle, and adipose tissue.
The findings demonstrated that the liver contained the highest
BPA concentration, followed by adipose tissue, muscle, and
kidney, in descending order. Statistical analysis using one-way
ANOVA revealed significant differences in BPA concentrations
across the examined tissues. Post-hoc comparisons showed
notably higher BPA accumulation in hepatic and adipose tissues
compared to renal and muscular tissues (p < 0.05), with these
findings supported by robust statistical parameters.

In 2023, the study investigating BPA's effects on hormonal
regulation in animal models found that chronic exposure
resulted in significant bioaccumulation, particularly in hepatic
and renal tissues. These elevated BPA levels showed strong
correlations with multiple pathological alterations, including
tissue inflammation, endocrine dysfunction, and metabolic
disorder development (17). The study employed a targeted
analytical approach to measure total BPA concentrations in
edible  tissues, specifically designed to  evaluate
bioaccumulation patterns in rams following repeated low-dose
exposure (18).

Previous studies had been reported that, BPA concentrations
ranging from 1 to 2 pg/kg in similar matrices, aligning with
findings by multiple research groups (19, 20). These consistent
measurements across independent studies suggest reliable
detection of baseline environmental BPA contamination levels.
The estimated mean contributions of aglycone BPA from the
edible tissues of the treated rams to the potential daily intake
relatively to the European Union’s former temporary tolerable
daily intake (TDI) which at about 4 pg/kg body weight/day
were calculated as 0.06%, 0.04%, 0.01%, and 0.004% for the
total daily food basket (including meat and offal), liver, kidney,
and adipose tissue, respectively. However, these contributions
become markedly more significant when assessed against the

recently proposed and substantially reduced TDI of 0.04 ng/kg
body weight/day (21). That, highlighting the potential health
implications of even though minimal BPA exposure under
updated regulatory standards.

The liver served as a primary site for the metabolism of a wide
array of many chemical compounds, including environmental
toxicants such as BPA, owing to its extensive enzymatic
systems that facilitated the biotransformation and detoxification
of xenobiotics. Meanwhile, this high metabolic activity also
renders hepatic tissue particularly vulnerable to the
accumulation of such compounds, resulting in elevated BPA
concentrations within the liver (22). Besides, the kidneys
determine the key organs in the excretion of metabolic waste
and toxic substances especially prone to chemical accumulation
due to their filtration function, making them another critical site
for BPA deposition (23). Moreover, BPA’s lipophilic nature
promotes its preferential storage in adipose tissue, contributing
to the relatively higher concentrations detected in fat compared
to other organ systems (24).

CONCLUSION

The findings of this study highlighted the toxicological
significance of BPA. When exposure exceeds the tolerable daily
intake threshold of 0.05 mg/kg/body weight. So, BPA has the
potential to bioaccumulate in different biological tissues,
including meat, liver, kidney, and adipose tissue. This
accumulation may lead to a range of adverse health effects,
underscoring, the importance of regulating BPA exposure to
mitigate potential risks to human and animal health.
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