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Contamination sources of microplastics and nanoplastics in the food chain. Figure created with
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What happens to these nanoplastics during the digestion process? What changes occur?
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What changes do these microalgae undergo when they meet nanoplastics?
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In this work we aimed to understand the effects on the functional profile of two microalgae species (CV and

HP) relevant as food/feed supplements, upon single (PS, PE) and NPs mixture (PS+PE) exposure, having in

mind a pre-assumption of potential microalgae contamination via migration of plastics from packaging to the
food stuff, before and after in vitro and ex vivo digestion.
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MATERIALS
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METHODS
Dynamic Light Scattering (DLS)

,rf"'?i;:. o Before digestion — 1
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Size, Pdl (Batch Mode)

¢ potential (Electrophoretic Mode)

Infogest 2.0 (Brodkorb et al., 2019)

Ex vivo digestion (Devle et al., 2014; Lanzoni et al., 2024)
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RESULTS: NPs PRE DIGESTION WITHOUT MICROALGAE

ikl s Sample Z-average (d.nm) Pd {-potential (mV)
PS in CV growth medium 8532 +0.32= 0.05+0.01° -1060 +0.26%, pH 7.65
PS5 in HE growth medium 87.86 + 0.09 0.10 £ 0.018 -11.93 +£1.09% pH 7.36
PE in CV growth medium 20750 £ 1.18" 013001k 1557 £+ 0.29° pH 7.68
PE in HP growth medium 205.30 £ 1.45° 0.13 £ 0.00° -24 60 +0.95° pH 717
PS + PE in CV growth medium 267 20 + 4 84¢ 0.33+0.02° -19.03+£0178, pHT.73
F5 + PE in HP growth medium 20467 £1.77° 0.17 + 0.00¢° 1723+098° pHT.13

nominal size

Values in the range of the expected standard particles

ones.

Larger particles are detected more readily than smaller

Size (Z-average), Pdl and -potential of PS, PE and PS + PE nanoplastics in microalgae growth media. Different superscript letters indicate statistically significant differences among groups (P < 0.05). Results are reported
mean + SEM.

Agglomeration or aggregation?

PS+PE in HP growth medium after 24 h

PS+PE in CV growth medium after 24 h
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P *- B RESULTS: INTERACTIONS NPS and MICROALGAE BEFORE DIGESTION

CV+PS= 146,17 £ 0,32 nm
HP+PS=197,30 £ 5,18 nm

CVv=2040+% 27,43 nm
HP=4169 + 133,67 nm
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Haematococcus pluvialis

Size (Z-average) detected for microalgae suspensions of NPs post (a) in vitro and (b) ex vivo
digestion. Different superscript letters indicate statistically significant differences among groups (P <
0.05). PS = Polystyrene; PE = Polyethylene; CV = Chlorella vulgaris; HP = Haematococcus pluvialis

CV+PE=399,03 £ 9,23 nm
HP+PE= 390,27 £ 9,52 nm

CV+PS+PE= 206,13 £ 0,64 nm
HP+PS+PE= 199,20 + 2,81 nm

CV= Confirmed the values reported in the literature
HP= green vegetative palmella

Extracellular polymeric substances (EPS) = Natural biopolymers secreted in response to stress
that act as a protective layer against external agents. EPS consist of polysaccharides, enzymes
and structural proteins which can coat the surface of NPS (bio-corona) influencing
physicochemical properties

CV: Agglomeration of PS + PE NPs decreases the contact area and interaction strength
between the NPs and biomolecules,
Furthermore, bio-corona formation can counteract ionic effects and stabilise NPs, thus
reducing agglomeration through steric interactions.

HP: In the neutral microalgae growth media, weaker electrostatic interactions lead to lower
overall agglomeration. PE NPs, being larger, again dominate the size distribution, stabilising the
mixture around their weighted average hydrodynamic diameter




IN VITRO il RESULTS: MICROALGAE+NANOPLASTICS AFTER DIGESTION
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Size (Z-average) detected for microalgae suspensions of NPs post (a) in vitro and (b) ex vivo digestion. Different superscript letters
indicate statistically significant differences among groups (P < 0.05). PS = Polystyrene; PE = Polyethylene; CV = Chlorella vulgaris;
HP = Haematococcus pluvialis.



TOTAL PHENOLIC CONTENT PRE DIGESTION
a) CHLORELLA VULGARIS ®) HAEMATOCOCCUS PLUVIALIS
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Pre-digestion analysis of microalgae total phenolic content: a) Chlorella vulgaris; b) Haematococcus pluvialis. Data expressed in %, are reported as mean + SEM (n = 3), and

are standardised towards experimental control group (microalgae in growth media only; no NPs co-exposure). Different superscript letters indicate statistically significant
differences among groups ( P < 0.05). PS = Polystyrene; PE = Polyethylene; CV = Chlorella vulgaris; HP = Haematococcus pluvialis.

TOTAL PHENOLIC CONTENT POST DIGESTION
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Post-digestion analysis of microalgae total phenolic'%i)ntent: a) in vitro; b) ex vivo. Data expressed in %, are reported as mea#t standard error of the mean (SEM) (n = 3), and
are standardised towards experimental control group (microalgae in growth media only; no NPs co-exposure). Different superscript letters indicate statistically significant
differences among groups (P < 0.05). PS = Polystyrene; PE = Polyethylene; CV = Chlorella vulgaris; HP = Haematococcus pluvialis.

RESULTS

Parameter not investigated in the literature

}

Trend confirmed in the literature (2022)

}

NPs increased TPC in a seagrass

ORAL PHASE

Partial Digestion of phenols in the oral cavity

GASTRIC PHASE

Low pH > High release of phenols

INTESTINAL PHASE

Instability at alkaline environment—> Transformation
of phenols




CONCLUSIONS

Nanoplastics Nanoplastics and digestion Total phenolic content

Post digestion studies revealed that NPs were

NPs behaviour was influenced by the microalgae detected in the digested fraction indicating a Increased TPC = complex interplay between the
growth media potential risk to human and animal intestinal polymer particles and microalgae
health
FUTURE PROSPECTS
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