
1. Introduction  
The increasing production, consumption, and improper 
disposal of plastics have led to the introduction of large 
amounts of plastic into the environment, where they break 
down into smaller particles (1,2). Microplastics (MPs) are 
plastic particles less than 5 mm to 1 µm in size (3,4). Due to 
characteristics such as light weight, durability, buoyancy, 
and non-biodegradability, MPs can be transported by 
wind and water, becoming widely dispersed throughout 
ecosystems (5-7). Recent studies have confirmed the 
contamination of water, soil, atmosphere, and various 
foods with MPs. Evidence suggests that MPs have entered 
the bodies of organisms and humans through breathing 

and swallowing (8-16). Moreover, due to the apparent 
properties of MPs, these particles have the potential to 
transport a wide range of toxins, microorganisms, and 
heavy metals (17,18). 

Breathing, swallowing, and skin contact cause these 
substances to enter the human body and may cause 
potential complications such as toxicity, oxidative stress, 
carcinogenesis, immune system disorders, metabolic 
processes, and the like (19-21). Based on the results of 
previous studies, the presence of MPs has been confirmed 
in several foods, including seafood, meat, and milk (22-24). 
For example, Kedzierski et al reported the contamination 
of packaged meat with polystyrene (PS) MPs. They stated 
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Abstract
The global increase in plastics production and consumption has heightened human exposure 
to microplastics (MPs), raising widespread concern. Food represents a major route of human 
exposure. Since milk is a vital component of the human diet throughout life, its contamination 
warrants close attention. The current study is the first meta-analysis focusing on MP contamination 
in commercial milk. Three databases (PubMed, Embase, Scholar, and Web of Science) were 
searched up to June 2023, following the PRISMA guideline. Four relevant studies were included 
based on specific inclusion and exclusion criteria. The risk of bias (RoB) was assessed using 
the Office of Health Assessment and Translation (NTP/OHAT) tool. Four low-RoB studies were 
included in the meta-analysis. The results indicated that MP concentrations in the analyzed 
studies ranged from 16 to 10040 particles per sample. Given that milk contamination can occur 
at all stages (from farm to consumer), future studies should investigate how processing and 
packaging contribute to the presence and diversity of MPs in milk and their potential health 
effects. Additionally, standardized sampling and detection protocols should be developed to 
accurately detect and minimize MP contamination in milk. Preventive strategies are needed to 
limit the release of MPs into the environment and, consequently, the human body.
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that these MPs probably originate from PS trays, which 
are difficult to remove by rinsing and strongly adhere to 
the surface of the meat (15). In another similar study, Li 
et al found that feeding bottles made of propylene release 
high amounts of MPs (16,200,000 particles/L). According 
to the results of their study, increasing temperature 
significantly increases the release of MPs from these 
containers (25). Additionally, the results of the study by 
Da Costa Filho et al confirmed the low amounts of MPs 
in fresh raw milk. They reported that both pasteurized 
milk and raw milk are contaminated with MPs (26). Since 
milk is one of the vital nutrients for human nutrition from 
birth, its contamination is an important factor affecting 
human health (27). Due to the different methods of milk 
processing, the possibility of MP contamination may be 
caused by washing equipment, packaging material, the 
surrounding environment, and the source of water supply 
(11). Therefore, milk contamination with MPs can occur 
during production, from fresh milk to packaged milk (27). 

Despite increasing attention to MPs in food, water, 
and other beverages, milk as a vital dietary staple has not 
yet been comprehensively evaluated in a meta-analytical 
framework. Therefore, the present study investigated the 
presence of MPs in milk through a systematic review and 
meta-analysis. 

2. Methods
2.1. Study Protocol 
The present study was conducted and reported based 
on the Preferred Reporting Items for Systematic reviews 
and Meta-Analysis (PRISMA) statement. PRISMA is a 
well-established framework for conducting systematic 
reviews that outlines the process of selecting and critically 
appraising previous studies on a specific topic using a 
standardized methodology (28). The study protocol was 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) (CRD42023396918).

2.2. Search Strategy 
A systematic search was conducted by two researchers 
(N.Gh and F.P) in electronic databases, including 
PubMed, Embase, Scholar, and Web of Science, up to 
April 1, 2023. The search was performed based on Medical 
Subject Headings (MeSH) using the following terms: 
“Microplastics”, “MP”, “milk”, “food”, “dairy”, “liquid 
food”, “beverages”, “plastic contaminants”, “hygiene”, 
“food safety”, “textiles”, “polysulfone”, “polyethylene”, and 
“polypropylene”. The search queries were constructed 
using Boolean operators (“AND” and “OR”), and the 
search terms were applied to titles and abstracts in the 
English language.

2.3. Study Selection and Data Extraction
Studies providing a comprehensive definition of MPs as 
particles sized between 1 µm and 5 mm were considered 
eligible. Studies that utilized validated guidelines from 
previous research for the isolation and identification of 

MPs and the reported MP concentrations in drinking 
milk samples were included. Studies investigating both 
the quantity and quality of MPs in commercial drinking 
milk samples were included in the current study, whereas 
studies not written in English were excluded. Studies 
presented only at the conference, studies without available 
full texts, conference studies, published books, and 
review articles were excluded. Most importantly, studies 
conducted on breast milk and non-commercial milk 
were excluded. Similarly, papers lacking quantitative data 
reporting, such as qualitative results without adequate 
explanation, insufficient data reporting (e.g., sample size 
or extraction method), or poor identification methods 
were excluded from the study. 

Literature data such as publication year, authors’ names, 
country of origin, study type, number and volume of 
milk samples, packaging type, analysis methods, and 
characteristics of identified MPs (e.g., concentration, 
color, polymer type, shape, and size) were extracted 
independently by two authors (N.Gh and F. P). A third 
author (F. S. T) reviewed all studies to resolve any 
ambiguity or disagreement in data extraction between the 
first two authors (N. Gh and F. P).

2.4. Quality Assessments and Risk of Bias
Risk of bias (RoB) assessment of the included studies 
was conducted using the Office of Health Assessment 
and Translation (NTP/OHAT) risk-of-bias rating tool. 
The tool provides criteria for evaluating the strength and 
quality of research evidence and is aligned with Bradford 
Hill’s criteria for causality. Briefly, the RoB bias (29) was 
evaluated across four domains: study design, sampling, 
reporting, and analysis. Two authors independently 
categorized the certainty of evidence in four sub-domains 
as “high”, “moderate”, “low”, or “very low”. Subsequently, 
the overall levels of evidence were classified as “high”, 
“moderate”, “low”, “evidence of no health effect”, or 
“insufficient evidence” (30).

2.5. Meta-analysis 
Qualitative data were summarized using frequencies and 
percentages, while the quantitative data were expressed as 
mean values and standard deviations. The generic inverse 
variance method was utilized for estimation. Statistical 
heterogeneity was assessed with Cochran’s Q test and I² 
statistic, with a low P value for Cochran’s Q indicating 
the presence of heterogeneity. All statistical analyses were 
performed using MedCalc software (version 20.02). A 
significance level of 5% was established for all statistical 
tests.

3. Results and Discussion
3.1. Search Results 
Based on the databases and search strategy mentioned 
above, a total of 667 studies were initially identified. 
After removing 60 duplicates, 607 studies remained for 
screening. These studies were then assessed for eligibility 
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using predefined inclusion and exclusion criteria. 
Ultimately, 21 studies were independently screened and 
evaluated for eligibility by three authors (F. P., N. Gh., 
and A. N). The screening process involved reviewing the 
titles and abstracts, followed by full-text assessment when 
exclusion criteria were not met. Any discrepancies were 
resolved through consultation with the corresponding 
author (M. A.). Finally, four  research articles were selected 
for data extraction (Fig. 1). 

3.2. Characteristics of Included Study
Four descriptive-analytical studies were eligible for 
systematic review. The studies were conducted in 
Switzerland (31), Mexico (17), India (32), and Ecuador 
(33). Various types of milk (e.g., fresh, raw, industrial, 
and powdered) were investigated in the studies conducted 
in Switzerland. Milk packaging was predominantly 
recyclable packaging (Tetrapak aseptic cartons composed 
of approximately 75% paper), except in the study 
conducted in Mexico. In addition, milk packaged in plastic 
was investigated in studies from India and Ecuador. 
Two studies employed sample heating to prevent filter 
blockage caused by fats and casein in milk. The removal 
of milk components was achieved using a rapid digestion 
method combining enzymes and alkaline reagents. 
This process effectively targeted hydrolyzable proteins 

(e.g., whey and casein), lipids (e.g., triglycerides), and 
carbohydrates (e.g., lactose), ultimately improving the 
microfiltration efficiency of the samples. The main 
characteristics of the included studies are listed in Table 1.
Table 2 presents the methods used in the included studies 
to identify MPs in milk. Kutralam-Muniasamy and Pérez-
Guevara (17) used a conventional filtration method to 
extract MPs. Briefly, vacuum filtration was used to separate 
MPs from heated milk samples. Then, filters were dried at 
room temperature (20 ℃), and MPs retained on the filters 
were counted using a Nikon H6000L epifluorescence 
microscope at 100 × magnification. The MPs were 
subsequently classified based on their color and shape. In 
addition, scanning electron microscopy (SEM) was used 
to examine the surface morphology and the chemical and 
elemental composition of the MPs, while micro-Raman 
(µ-Raman) spectroscopy was applied to identify polymer 
types. The resulting spectra were analyzed using reference 
databases and Bio-Rad KnowItAll software. 
In another study, Kiruba et al (32) applied Fourier-
transform infrared (FTIR) spectroscopy to identify 
MPs following milk filtration using the aforementioned 
method. The obtained spectra were compared with 
reference spectra of known polymers for identification. In 
the study conducted by Diaz-Basantes et al (33), MPs were 
initially identified by visual observation of particles under 

Fig. 1. PRISMA Flow Diagram of the Study Selection Process
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a 10x optical microscope after multiple filtration steps 
following sample preparation using hydrogen peroxide 
(H2O2; 200 mL for 72 hours) and alcohol (25 mL for 1 
hour). Subsequently, the chemical composition of the 
particles was determined using FTIR analysis. 
In a studies conducted in Switzerland, Da Costa Filho et al 
(31) used more advanced methods to isolate and identify 
MPs in milk samples. These studies used filtration of hot 
digested milk solutions treated with reagents such as multi-
enzymatic detergent (2 mL), the calcium chelating agent 
sodium ethylenediaminetetraacetate (10 mL), an alkaline 
solution of tetramethylammonium hydroxide (2 mL), and 
microwave-assisted digestion. They examined the surface 
morphology and chemical and elemental composition of 
MPs using SEM. Finally, µ-Raman spectroscopy was used 
to identify the polymer types of the MPs.

3.3. Microplastics in Milk 
The present study is the first systematic review and meta-
analysis to examine the presence of MPs in milk. The 
findings of the current meta-analysis confirm that MPs 
are present in all investigated types of milk. For instance, 
studies conducted in India and Mexico analyzed four and 
five international milk brands of milk, respectively, all of 
which contained MPs (17,32).
Details of the MPs identified in the included studies 
are summarized in Table 3. In the study conducted by 
Kiruba et al (32), MP concentrations ranged from 164 
to 512 MPs/L in milk samples, with fragment, blue-
colored particles, and polyethylene (PE) identified as the 
dominant characteristics. In Ecuador, µ-FTIR analysis 
showed that 12% of the particles identified in milk samples 
were present as fibers and fragments. The concentration 

of MPs in milk samples (n = 10) ranged from 16 to 53 
MPs/L. High-density polyethylene (HDPE) and low-
density polyethylene (LDPE), predominantly observed in 
green, yellow, red, purple, and blue colors, were the most 
abundant identified polymer types in these samples (33). 
In another study conducted in Mexico, the frequency of 
MPs in milk samples (n = 23) varied from 3 to 11 MPs/L. 
Fibrous MPs larger than 500 µm and predominantly blue 
in color were the most frequently identified particles (33). 
Likewise, the number of MPs detected in milk samples 
in Switzerland was reported in the range of 2040-10040 
MPs/L, with most particles exhibiting a surface area 
of ≤ 50 µm2 (31). 
The dominant polymer types were identified 
to be PE, polyester (PES), polypropylene (PP), 
polytetrafluoroethylene (PTFE), and polystyrene (27,31). 
Likewise, in the study by Da Costa Filho (31), MP 
concentrations in raw and powdered milk ranged from 960 
to 9680 MPs/L. According to their findings, PE and PTFE 
polymers were the most abundant in raw milk samples 
and powdered milk, respectively. Due to the differences 
in sample preparation methods in a studies conducted in 
Switzerland, a higher number of MP concentrations were 
observed in a smaller sample volume compared with those 
analyzed in other studies (31).
The investigation into the presence of MPs in various food 
products, including bottled drinking water, packaged 
meat, honey, seafood, salt, beverages, sugar, and milk, 
began in 2009 (11,15-17, 31,37,38) and has significantly 
increased between 2020 and 2023, particularly with 
respect to milk (39). Due to their small size, MPs can 
enter the human food chain (40). Recently, advances in 
analytical techniques have enabled researchers to detect 

Table 1. Characteristics of Studies

Location Sample Type Sample Size Sample Volume Packing Type Study

Mexico Whole milk, lactose-free, half-fat, light, and lactose-free light 23 1000 Cartons (75% paper, PE) (17)

Ecuador Fat < 1% 10 500 PE (34)

Switzerland Whole milk, skimmed liquid milk, and skimmed milk powders 9 100 PE, PP (31)

India Whole milk 16 1000 PE, PP (33)

Note. PE: Polyethylene; PP: Polypropylene.

Table 2. Method Used in the Included Studies for MP Extraction and Identification

Study
Filter Pore Size 

(µm)
Visual Method 
(References)

Visual Tools
Chemical Composition 
Identification

QA/QC

(34) 11 (35)

Epifluorescence microscope 
H6000L (4-100 × ),
ImageJ software,
SEM

µ-Raman Air purifier, blank runs

(31) 1 (36) Microscope (10 × ) µ-FTIR

Air purifier, pre-filtered solutions, particle counter, blank 
runs, cleaning surfaces (using alcohol), method recovery 
and polymer integrity after food matrix digestion, 
validation of Raman methodology

(33) 5 -
optical microscope, SEM, 
EDX

µ-Raman
Surface cleaning with alcohol, blank runs, doors and 
windows kept closed,
Restricted foot traffic 

(17) 1 (37)
Epifluorescence microscope 
H6000L (10-100 × ) µ-FTIR

Doors and windows were kept closed, restricted foot 
traffic, surface cleaning with alcohol

Note. MPs: Microplastics; SEM: Scanning electron microscopy; EDX: Energy-dispersive X-ray spectroscopy; µ-FTIR: Micro–Fourier transform infrared spectroscopy; 
µ-Raman: Micro-Raman spectroscopy; QA/QC: Quality assurance/quality control. In all studies, traditional filtration was employed as the extraction method.
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significant MP levels in a wide range of common foods and 
beverages. Among these, milk is particularly important 
for health, as it is a major beverage in the human diet (39).
However, further studies are required to draw more reliable 
conclusions about the significant relationship between milk 
type and MP abundance. Meta-analytical evidence from 
Danopoulos et al demonstrated the widespread presence 
of MPs in seafood, including mollusks, fish, crustaceans, 
and Echinodermata, with concentrations ranging from 0 
to 10.5 MPs/g (41). Similarly, Danopoulos et al reported 
substantial variability in MP levels in sea salt, lake salt, rock 
salt, and well salt (42). The predominance of PP and PE in 
most milk samples, except those from Mexico, indicates 
that packaging is a significant source of MPs in milk. 
However, the absence of PE in some PE-packaged samples 
(17) indicates the potential contribution of alternative 
sources, such as water additives or industrial filtration 
systems. This finding aligns with the findings of Da Costa 
Filho et al, who attributed the presence of PE in raw milk to 
components of the milking systems (31). Notably, Mexico’s 
reliance on paper-based packaging may account for its 
distinct polymer profile, highlighting the potential role 
of packaging innovation in reducing MP contamination. 
Nevertheless, evidence from other published studies 
indicates that packaging materials such as glass and 
aluminum do not effectively prevent MP contamination 
in beverages, including beer (33), indicating that MPs in 
milk and other beverages may not necessarily originate 
from packaging. Although environmental plastic waste 
is considered the primary source of MPs in seafood and 
drinking water (16), the possibility of MP contamination 
in milk directly originating from plastic waste is low (11). 
The levels of MP contamination and the distribution 
of polymer types in milk can vary across regions and 
production systems, from farm-level practices to consumer 
handling. This variation may stem from multiple potential 
sources such as milking equipment, operators’ clothing 
and gloves, protective materials, regulatory frameworks, 
analytical methods, as well as processing machinery, 
transportation, storage, and packaging (40,43). 
Several important contamination routes have been 
identified and categorized as follows:

3.3.1. Contaminated Water Added to Milk
Water is often added to liquid milk to replace vegetable 
fats, resulting in dilution and potential milk adulteration. 

Various types of polymers can be introduced into milk 
through this added water (17,32,33). For example, the use 
of groundwater, which generally contains lower levels of 
MPs, in Mexico, compared with the use of surface water, 
which typically contains higher MP concentrations, in 
India, can change the MP contamination level and the 
associated polymer profile (33).

3.3.2. Filters Used in Milk Filtration
Filters are employed to remove particles and 
microorganisms from milk; however, storage and transfer 
processes within the dairy industry can also contribute 
to MP contamination. For example, the presence of 
polyethersulfone and polysulfone in milk samples indicates 
the degradation of ceramic or polymer membrane filters 
used in the milk industry (17,31). In addition, Visentin et 
al reported that the presence of gray–colored MPs in milk 
samples may result from the wear and tear of materials 
and equipment used during processing and packaging 
(43).

3.3.3. Packaging Materials
It has been estimated that nearly 70% of MPs detected 
in milk are associated with packaging materials, while 
approximately 30% originate from production processes 
(44). A study by Badwanache et al analyzed various 
milk samples and confirmed that packaging contributes 
substantially to MP contamination in milk (45). In 
Switzerland, most MPs identified in powdered milk 
samples were attributed to the drying process and the 
packaging materials used for milk powders (31). Particles 
smaller than 15410 μm are considered potential sources 
of milk contamination due to factors such as packaging 
damage, airborne MP particles, or malfunctions in milk 
processing equipment (43). 

The abundance of fibers and fragments and the variety 
of MP types reported across the included studies indicate 
that milk-processing equipment, storage facilities, and 
operators’ protective clothing are major sources of MP 
contamination in milk (43). These results are consistent 
with those found by Visentin et al (43) and Buyukunal 
et al (46). A review study investigating MPs in drinking 
water further revealed that bottled water samples (both 
plastic and glass) contained higher MP concentrations 
than tap water. On average, disposable plastic bottles 
had 2,649 MPs/L, reusable bottles contained 4,889 MPs 

Table 3. Results of Studies the Included and Characteristics of Identified MPs

Study
Concentration of MPs (per 
Liter)

MP Size (µm) Shape Polymers Colors

(17) 150 ± 54.76  < 500-2000 Fib > Fra PES > PSU Blue, Red, Pink, Brown

(34) 16-53 
Fra: 2.48–247.54
Fib: 13.45–6742.48

Fra > Fib HDPE, LDPE > PPAm > PP
Green, Yellow, Red, Violet, 
Blue

(31) 2040-10040  ≤ 7 Not specified PE > PP > PTFE > PES > PS Not specified

(33) 164-512 (L-1)
Fib: 159-48
Fra: 271-97

Fra > Fib PP > PE > PA Blue, Purple, Pink

Note. MPs: Microplastics; Fra: Fragments; Fib: Fiber; PES: Polyester; PSU: Polysulfone; HDPE: High density polyethylene; LDPE: Low density polyethylene; PPAm: 
Polyacrylamide; PA: Polyamide.
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/L, cardboard packaging had 11 MPs/L, and glass bottles 
contained 50 MPs/L. The reviewers concluded that 
differences in the number and types of polymers detected 
were influenced by water source, industrial processes, and 
packaging type (48).

3.3.4. Methodology
Detection method and sample preparation can 
substantially affect the results. In Switzerland, the use of 
µ-Raman spectroscopy, which detects MPs < 1 µm, resulted 
in higher MP counts (31). In contrast, optical microscopy 
techniques used in studies from Mexico and India, which 
detect MPs < 5–500 µm, led to an underestimation of 
smaller MPs. Likewise, enzymatic-alkaline digestion 
protocols employed in Swiss studies enabled efficient 
removal of organic matter, thereby improving the recovery 
of MPs (31). However, the use of basic filtration methods 
to address casein and fat clogging in studies from India 
caused MP loss during sample preparation (32). 

Therefore, the observed MP ranges 
(Switzerland > India > Mexico) reflect differences in 
industrial complexity (e.g., automation level and packaging 
practices), regulatory frameworks, and methodological 
capabilities, rather than true contamination levels. 
Additionally, storage temperature conditions for beverage 
containers have been reported to play a significant role 
(47).

Research on the relationship between air pollution, 
population density, and human activities near food-
processing industries has reported no significant 
correlation with MP contamination in food products 
(33). However, relatively low ambient particulate matter 
(PM2.5) levels in Switzerland (approximately 7 µg/m³) may 
contribute to reduced airborne MP deposition (31). In 
contrast, high air pollution levels in India, where PM2.5 
concentrations can reach 100 µg/m³, may increase the 
risk of MP contamination during open-air processing 
practices.

3.3. Risk of Bias Assessment
The RoB for all four included studies was evaluated using 
the Office of Health Assessment and Translation (NTP/
OHAT) RoB rating tool across four domains: study 
design, sampling, reporting, and analysis. Evidence within 
each domain was rated as high, moderate, low, or very low 
certainty.

Three of the four studies (17,31,33) were rated as having 
a low overall RoB, indicating strong methodological 
quality. One study (33) was rated as having a high overall 
RoB due to missing or incomplete information in the 
sampling and reporting domains. Consequently, this 
study was excluded from the meta-analysis to minimize 
bias in the pooled estimates.

Detailed RoB ratings for each domain are summarized 
in Table 4. Overall, the predominance of studies with low 
RoB supports a high level of confidence in the findings of 
the present meta-analysis.

The results of the meta-analysis are presented in Table 5. 
Milk samples were classified into five categories: whole 
milk, lactose-free milk, lactose-free light milk, half-
fat milk, low-fat milk. Since the assumptions required 
for a fixed-effects model were not met, results from the 
random-effects model were considered acceptable. The 
estimated mean concentrations of MPs in whole milk 
(95% CI = -42.70 - 392.86, P = 0.115), lactose-free milk 
(95% CI = 2.838 - 8.690, P < 0.001), lactose-free light (95% 
CI = 2.479-5.809, P < 0.001), half-fat milk (95% CI = 4.124 
-11.224, P < 0.001), low-fat milk (95% CI = 1.707 8.915, 
P = 0.004), were significantly different from zero.

Meta-analysis findings for the seven milk categories 
are illustrated in Fig. 2. All milk types, including whole 
milk, lactose-free milk, lactose-free light milk, half-fat 
milk, low-fat milk, exhibited mean MP concentrations 
that were significantly greater than zero (P < 0.05 for all 
categories). Estimated concentrations ranged from fewer 
than 10 MPs/L in some low-fat and lactose-free products 
to more than 175 MPs/L in powdered and raw milk. The 
logarithmic forest plot (Fig. 2) highlights differences 
across milk types without obscuring lower values. 

3.4. Health Effects of Microplastics 
Although the complete health effects of MPs on humans 
are not yet fully understood, available evidence indicates 
that these pollutants may accumulate in the digestive tract 
and are associated with adverse pregnancy outcomes, 
cancer, and the formation of blood clots in individuals 
with kidney disorders (40). MPs can induce inflammatory 
responses in humans due to their persistence, 
hydrophobic nature, and chemical composition (49). For 
instance, particles smaller than 20 µm can cross biological 
membranes, leading to inflammation, oxidative stress, and 
DNA damage, which ultimately results in cellular damage 
(50,51). Studies conducted on fish and invertebrates have 
demonstrated that ingestion of MPs can cause intestinal 
obstruction, decreased reproductive success, and altered 
immune responses, which may subsequently disrupt food 
webs (52,53). MPs have been found in human blood, 
lung tissue, and placental samples, raising concerns about 
their potential to cause inflammation, cytotoxicity, and 
genotoxicity (54-56). Furthermore, the accumulation 
of MPs in living organisms may facilitate the transfer of 
harmful additives, such as phthalates and bisphenol A, 
which are linked to endocrine disruption and an increased 
risk of chronic diseases, including cancer, cardiovascular 
disorders, obesity, and metabolic disorders (29,51,57).

The current systematic review confirmed the presence of 
MPs in all analyzed milk samples, indicating the potential 
health risks associated with direct human exposure 
through consumption. The size and type of MPs in food 
are toxicologically important factors (58). In Mexico, 
energy-dispersive spectroscopy (EDS) analysis revealed 
the presence of metals (Si, Al, Ti, Pb, Mg, Na, Cl, and Fe) 
on the surface of MPs, most of which are used to improve 
the quality of plastics in the industry (17). These metals 
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can cause physiological damage, including oxidative stress 
and carcinogenesis (59). Similarly, studies from India have 
reported daily MP intake from milk consumption ranging 
from 30.6 to 79.5 (MPs/day) per person (32). In Mexico, 
annual intake has been estimated at approximately 858 
MPs/L per person through milk consumption (17). The 
current meta-analysis indicates that milk samples contain 
between 16 and 10,040 MPs per sample (Table 5), resulting 
in highly variable intake rates depending on consumption 
patterns; for example, powdered and raw milk generally 
exhibit higher MP levels. MP intake from seafood can 
reach up to 55,000 MPs per year (41), while salt intake 
varies from 0 to 110 MPs annually (42). For milk 
specifically, estimated intake ranges from 214 to 20,000 
MPs per year, which is lower than that for seafood but still 
contributes to total dietary exposure. Currently, no safe 
intake limit for MPs has been established, as insufficient 

human data are available to define a “safe” threshold for 
MP consumption (49).

Toxicity observed in rodent studies was found at levels 
greater than 104 to 106 MPs per day (13,22). Estimates of 
milk-derived MPs intake range from 55 to 214 MPs per 
day, which are below these experimental thresholds but 
indicate chronic low-dose exposure. Given the current 
milk-derived intake (55–214 MPs/day), exposure levels 
are unlikely to cause acute adverse effects based on the 
identified experimental thresholds. However, chronic risks 
cannot be excluded due to the cumulative bioaccumulation 
of plastic-associated additives and metals over decades. 
Additionally, vulnerable populations, including infants 
and immunocompromised individuals, may be at higher 
risk of susceptibility. MPs smaller than 1.5 µm can cross 
the intestinal epithelium and enter the blood, including 
the placenta (60,61). One study reported maximum daily 

Table 4. Risk of Bias Assessment of Milk Studies

Authors (publication year) Study Design Sampling Reporting Analysis Overall Rating References

Kutralam-Muniasamy et al (2020) 🟢 Low 🟢 Low 🟢 Low 🟢 Low 🟢 Low (17)

Kiruba et al (2022) 🟢 Low 🟢 Low 🟢 Low 🟢 Low 🟢 Low (33)

Da Costa Filho et al (2021) 🟢 Low 🟢 Low 🟢 Low 🟢 Low 🟢 Low (31)

Diaz-Basantes et al (2020) 🟢 Low 🔴 High 🔴 High 🟢 Low 🔴 High (34)

Legend: 🟢 = Low RoB, 🟡 = Unclear RoB, 🔴 = High RoB

Table 5. Meta-analysis Results for All Milk Types 

Type of Milk Authors (publication year) Estimate (MPs/L) SD (MPs/L) 95% CI (MPs/L) z P Ref.

Whole milk

Kutralam-Muniasamy et al (2020) 7.026 1.105 4.860 - 9.192 (17)

Kiruba et al (2022) 301.000 99.188 106.591 - 495.409 (33)

Da Costa Filho et al (2021) 259.000 74.931 112.135 - 405.865 (31)

Total (random effects) 175.080 111.12 -42.70 - 392.86 1.58 0.115

Lactose free
Kutralam-Muniasamy et al (2020) 

5.000 2.830 -0.547 - 10.547

(17)

3.000 2.000 -0.920 - 6.920

4.000 1.410 1.236 - 6.764

6.000 2.140 1.806 - 10.194

10.000 1.340 7.374 - 12.626

Total (random effects) 5.764 1.493 2.838 - 8.690 3.861  < 0.001

Lactose free 
light

Kutralam-Muniasamy et al (2020) 

4.000 1.380 1.295 - 6.705

(17)4.000 1.230 1.589 - 6.411

5.000 2.240 0.610 - 9.390

Total (fixed effects) 4.144 0.850 2.479 - 5.809 4.877  < 0.001

Half fat
Kutralam-Muniasamy et al (2020) 

8.000 4.240 -0.310 - 16.310

(17)6.000 2.430 1.237 - 10.763

11.000 3.540 4.062 - 17.938

Total (fixed effects) 7.674 1.811 4.124 - 11.224 4.237  < 0.001

Low fat
Kutralam-Muniasamy et al (2020) 

7.000 4.660 -2.134 - 16.134

(17)4.000 2.830 -1.547 - 9.547

6.000 2.830 0.453 - 11.547

Total (fixed effects) 5.311 1.839 1.707 - 8.915 2.889 0.004

Note. MP: Microplastics; MPs/L: Microplastic particles per liter; SD: Standard deviation; CI: Confidence interval; z: Z-statistic from meta-analysis; P: Probability 

value.



Avicenna J Environ Health Eng. 2025;12(2) 115

Human exposure to microplastics through drinking milk

intake levels of total chromium derived from MPs for 
different age groups ranging from 0.50 to 1.18 µg/day (62). 

3.5. Knowledge Gaps and Limitations
Although the specific sources of MPs in milk have not yet 

been clearly identified, several factors may contribute 
to their contamination, including animal feed, water 
used during production, and the materials employed 
in milk processing and packaging. These factors may 
influence the chemical and physical characteristics 
of the MPs found in milk. Therefore, future research 
should aim to quantify the relative contribution of 
these items.

Due to the substantial variation in methods used for MP 

quantification and qualification, there is an urgent 
need for standardized MP detection protocols to 
facilitate reliable comparisons across studies. (46).

Data on the absorption, distribution, specific accumulation, 
and mechanisms of action of MP in the human body 
remain limited; consequently, toxicokinetic studies 
are recommended for future research (50,51).

It was recommended to use environmentally friendly 
materials, such as biodegradable packaging materials 
(46).

Nano-sized MPs smaller than 1 µm were not confirmed 
in this review due to methodological limitations. 
However, given their significant health risks and 
probable presence, particularly from degraded 

Fig. 2. Forest Plot of Mean Microplastic Concentrations in Different Milk Types Based on Random-/Fixed-Effects Meta-Analysis. Note. Different milk types 
include whole milk, lactose-free milk, lactose-free light milk, half-fat milk, low-fat milk, cow’s milk powder, and raw milk. Data are presented with 95% 
confidence intervals. A logarithmic scale is applied to better visualize differences across milk types
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packaging or food processing, future studies should 
prioritize the detection of nanoparticles in milk 
using advanced analytical techniques. Until evidence 
is available, the lack of evidence should not be 
interpreted as evidence of absence.

Smaller MPs (≤ 1.5 µm), which pose higher health risks, 
were rarely measured. It is suggested that future 
studies focus specifically on nanoplastics in milk.

A key limitation of this analysis is the search cutoff 
date of April 1, 2023, which was determined by the 
original study timeline. Although more recent studies 
may provide further insights, this review offers a 
comprehensive synthesis of the evidence available up 
to that date. Periodic updates are recommended to 
include any subsequent research.

4. Conclusion
The current systematic review and meta-analysis 
provide clear evidence of widespread MP contamination 
in commercial milk products intended for human 
consumption. The synthesis of global data confirms 
the presence of MPs in 100% of tested commercial 
milk samples, with concentrations ranging from 16 to 
10,040 particles per sample, indicating a significant and 
unavoidable exposure route for human populations. 
Importantly, the meta-analysis shows that MP abundance 
varies significantly across milk type (P < 0.05). This 
directly implicates industrial processing and packaging as 
major sources of contamination. The dominant polymers 
identified (PE, PP, and PET) are primarily associated 
with packaging degradation, filtration systems, and water 
adulteration.

Given the challenge associated with completely 
removing MPs from the current food system, the 
implementation of globally harmonized MP threshold 
values for dairy products is recommended. In addition, 
the use of non-plastic packaging materials, such as glass or 
biodegradable polymers, should be encouraged. Moreover, 
it is recommended to replace plastic-based equipment in 
milk processing with stainless steel or ceramic alternatives. 
Rigorous filtration should be applied to water used during 
milk processing. Finally, there is also a need to prioritize 
toxicokinetic studies on MP absorption in humans and 
the development of standardized analytical protocols for 
MP detection.
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