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Research Progress on Matrix-specific Challenges and Analytical
Strategies for the Detection of Micro- and Nanoplastics in Food
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Abstract: Micro- and nanoplastics (MNPs) have been detected in a wide range of food products,
raising concerns about dietary exposure and potential risks to human health. Their analysis in food re-
mains challenging because food matrices vary greatly in composition and complexity. Proteins, lip-
ids, carbohydrates, minerals, pigments, and natural particles may interfere with particle separa-
tion, polymer identification, and quantification, thereby affecting the reliability and comparability
of analytical results as well as the accuracy of exposure assessment. This review summarizes the key
procedures for MNPs detection in food, including sample digestion, separation and enrichment,
identification, quantification, and quality control. It further compares matrix-specific interferences
and analytical strategies for representative food categories, such as drinking water and beverages,
aquatic products, dairy products, fruits, plant-derived food, salt, and processed food. Current ev-
idence indicates that the main challenge in food MNP analysis is to balance efficient matrix removal
with satisfactory particle recovery while minimizing contamination and analytical bias. At present,
most studies still focus on micrometer-sized particles, whereas the enrichment, identification, and
quantification of nanoplastics remain major bottlenecks. Future efforts should develop combined pre-
treatments based on matrix composition, improve reference materials, blank controls, recovery
evaluation, and standardized reporting, and thereby provide methodological support for source ap-
portionment, dietary exposure assessment, and health risk evaluation of MNPs in food.
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Table 1  Strategies for detecting micro-and nanoplastics in drinking water and beverages

Food . Filter membrane type Detection method
Matrix feature Pretreatment .
category (Pore size) (Test sample)
Bottled water Low organic content Filtration; ethanol transfer Silver membrane(3 pm) LDIR
Filtration; H,0, digestion, thermal de- Glass fiber membrane ATD-GC/MS
sorption (0.22 pum) (Particles on membranes )
Filtration, drying Al-coated polycarbonate mem- pRaman
brane(0. 4 pm)
Carbonated  Acidity, foamy; sugar Filtration; water washing (sugar remov- Etched polycarbonate mem- Nile Red staining + pFTIR
beverages interference al); ethanol elution brane(1 pum) NTA + Py-GC-MS + SEM~-

EDS(Filtrate )
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(g% 1)
Food . Filter membrane type Detection method
Matrix feature Pretreatment .
category (Pore size) (Test sample )
White wine Polyphenols; fluores- Direct filtration ALO, membrane(0. 1 wm) pRaman

cence interference
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Table 2 Detection strategies for micro- and nanoplastics in aquatic products

Food . Filter membrane type Detection method
Matrix feature Pretreatment .
category (Pore size) (Test sample)
Bivalves Connective tissue mem- Digestion with 10% KOH Glass fiber membrane(0. 7 um)  Stereomicroscope + PFTIR
brane Fenton digestion; potassium formate Nylon membrane(1 pwm) FTIR + Scanning electron
flotation microscope
KOH + H,0, digestion; cascade fil- Cascade filtration membranes TD-PTR-MS
tration (0.02-2.2 wm) (Particles on membranes )
Digestion with 10% KOH; Nile Red Glass fiber membrane(1. 6 wm) rRaman
staining
Digestion with 30% H,0, Whatman filter paper(2. 5 pm) FTIR + GC-MS(Extract)
Fish High-fat interference Digestion with 10% KOH; pressur- Glass fiber membrane(2. 7 um) Py-GC-MS(Extract)
ized solvent extraction
Digestion with 1 mol/L NaOH Glass fiber membrane(0. 7 wm) LDIR
Crustaceans High chitin content; di- Pepsin digestion + 10% KOH hydroly-  Glass fiber membrane(1. 2 pm) Py-GC-MS + pRaman
gestion resistance sis (Particles on membranes )
Corolase enzymatic hydrolysis + li- PTFE membrane( 1 pm) , PTFE NTA (Filtrate )
pase digestion membrane(0. 1 um)
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Table 3 Detection strategies for micro- and nanoplastics in dairy products

Food . Filter membrane type Detection method
Matrix feature Pretreatment .
category (Pore size) (Test sample)
Liquid milk High-calcium protein-in- H,0, digestion Nitrocellulose membrane FTIR
duced membrane clogging (8 pm)
Enzymatic hydrolysis + alkaline hydrolysis Silicon membrane(5 wm) rwRaman
Fermented Gel-like matrix Enzymatic hydrolysis + alkaline hydrolysis Glass fiber membrane wRaman
dairy products (0.22 pm)
Cheese/Pow- High fat and protein KOH + EDTA digestion Silver membrane (3 pm) ATR-FTIR
dered milk Trypsin + KOH + EDTA Silver membrane(3 pum) ATR-FTIR
Enzymatic, alkaline, and oxidative digestion Glass fiber membrane Fluorescence imaging
combined with pressure-assisted filtration (1 pm) (Particles on mem-
branes)
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Table 4  Detection strategies for micro- and nanoplastics in fruits, vegetables, and other plant-based foods

Food . Filter membrane type  Detection method
Matrix features Pretreatment .
category (Pore size) (Test sample)
Vegetables Cellulose interference and NP Alkali hydrolysis; ethanol precipitation of cellu- - Py-GC-MS(Ex-
(Internalization ) extraction difficulty lose; ultrasonic washing with DCM tract)
Filtration; HNO, digestion; organic extraction - Py-GC-MS(Ex-
tract)
Vegetables Leaf surface wax interference Peroxide digestion; Cellulose filter paper ~ Stereomicroscope
(Adhering to and particle adhesion Rose Bengal staining (11 pm)
leaves) Water-mediated ultrasonic extraction - SERS(Extract)
Fruits Fruit skin smoothness and parti- Digestion with 65% HNO,, extraction with dichlo- - SEM-EDX (Ex-
cle adhesion romethane tract)
Surface washing; H,0, digestion Nitrocellulose mem-  Stereomicroscope
brane(1.2 pm) + SEM-EDX
Grains Starch matrix viscosity and parti- NaCl flotation; 10% KOH digestion Polyethersulfone mem- wFTIR
cle separation difficulty brane (0. 45 pm)
Direct imaging without pretreatment - O-PTIR + pRa-

man
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Table 5 Detection strategies for micro- and nanoplastics in salt and processed foods

Food . Filter membrane type Detection method
Matrix feature Pretreatment 5
category (Pore size) (Test sample)
Salt products Low organic content H,0, digestion Glass fiber membrane(2. 7 um) FTIR
Dissolution in ultrapure water; H,O, Glass fiber membrane(0. 45 pwm) Stereomicroscope
digestion + FTIR
H,0, digestion Filter membrane (0. 22 um) pRaman
High-precision ~ High fat and protein Digestion with 20% KOH; sieving Stainless steel sieves(125 wm, 45 um,  Raman + p—-FT-
machined prod- content and grading grading retention ) IR
ucts Digestion with cellulase, trypsin, Silver film(3 pm) ATR-FTIR
KOH, and EDTA
Digestion with 10% KOH; oil prod- Glass fiber membrane(1. 6 pm), hydropho- wFTIR
uct pre-separation bic membrane(4-10 pm)
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