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Effects of different food matrices on gastrointestinal fate and colloidal
stability of nanoplastics
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Abstract With the continuous increase in plastic production and the low recycling rates, a

significant amount of plastic enters the environment and is decomposed into nanoplastics (NPs)
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smaller than 100 nm through processes including mechanical abrasion, light irradiation, and
biodegradation. They enter the human body via various pathways, such as oral ingestion, inhalation,
and dermal contact, to cause reproductive, neurological, and joint toxicity, posing a serious threat to
human health. Currently, research on NPs mainly focuses on their migration and transformation in
aqueous environments and gastric fluids, while most studies overlook the role of food matrices. To
further elucidate the interaction mechanisms of NPs in the human body and assess their safety risks,
this study aims to establish an in vitro gastrointestinal tract (GIT) digestion model and use time-
resolved dynamic light scattering (DLS) to investigate the gastrointestinal behavior and colloidal
stability of NPs under different food matrices. The results showed that food matrices adsorbed onto
the surface of NPs, increasing their initial particle size. After adding food matrices such as protein,
starch, and oil, the hydrodynamic diameter (D;) of NPs increased from 54.47 nm to 405.17, 89.03
and 618.22 nm. This change was affected by the pH, solution electrolytes, and digestive enzymes
during the digestion process. In the gastric phase, the zeta ({) potential was close to 0; while in the
intestinal phase, the { potential exhibited negative charges, ranging from —21.29 mV to —28.02 mV.
Overall, NPs exhibited increased particle size and colloidal instability in the gastric phase, while
showing reduced particle size and colloidal stability in the intestinal phase. Food matrices played an
important role in this process. Proteins were degraded by proteases, forming protein corona on the
surface of NPs, leading to unique increases in particle size in the oral phase and stronger colloidal
instability in the gastric phase ({ potential of —1.308 mV). Starch, as a neutral molecule, did not affect
the electrostatic interactions in the system but more effectively reduced colloidal stability by
increasing particle size and decreasing { potential. From the oral to the gastric phase, D, increased
from 229.7 nm to 30036.67 nm. Oily substances were digested by pancreatic enzymes into fatty
acids, adsorbed onto the surface of NPs, and mixed with bile salts to form micelles. This resulted in
stronger colloidal stability in the intestinal phase, with a { potential of —28.017 mV, higher than that
of other food matrix models. The results of this study provide new insights into the gastrointestinal
behavior of NPs under the influence of food matrices and the digestive tract, which is of great
significance for the assessment of human health risks.

Keywords  polystyrene nanoplastics, human health, food matrix, aggregation kinetics,

simulated in vitro digestion model.
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1 #MRLE )7 (Materials and methods)

1.1 A2 i ik

R LIGAUOKR IR B A IRA YR A BR A R, BE A RN . FOKI . JEM . M. ERE . IRy
A 22 e MR A AR e A BR A B, a-3E R . B ARG, IRYTER . BRI A Sigma-Aldrich, NaCl >k
FI BT T8 (i) 47 FRA A
12 4 NPs BT

R il 1 7T 4 A A S S B0, ek 1Y) SR IR 20 AN K SRR VR IR ) B VR A 10.06%. B 0.099 mL
R T AR, I EBAK E A ZE 100 mL, #5250 J5 RS2 5 BT 75 59 100 mg L™ B 24k 98
R T W . ) A G BV W AREIL, T 4 °C UKAR PR AEAE, 78 ET A A NaOH 5 HCI %%
£l pH.
1.3 ZFEEYEAL(FFM) 1B il

BC IV B2 R 5 mmol L AR IR £ 2% i, I pH oA 7.0,
1.4 FRAEEYIEAL(SFM) H B il

B o4 B A 8 (SFMD) K 48 v 1 BTG 46 w2 (B 2.89% 8K 111 T, 1.44% W2, 1.32% I B 21 4k,
13.8% TEH5, 3.21% JERT, 0.37% 4 Hl Ak, {nge 1 frow.

R TGRS AR

Table 1 Food matrix based on Chinese dietary guidelines™!

i TRE %

Composition Concentration
R (RS I Ah) 2.89
BEIE (R 1.44
it B 2T 4k CRIE) 1.32
VER (EKTER) 13.8
Jig s (oK) 321
Y CRALH) 0.37

B TR FARREN (1%, W/W)TEZ IR FIE R T B8R R 22 vh W (10 mmol- L, pH 7) W, L+ 2 h, &
SEAVE A, B T RV i 00 IR A P R AN R I TR A7 a0, 22 B TR A S VA A (1) M AR AHORE . B T K (3.21%,
WIW) I AZ T & RN D, 2295 10 min J5, 76 & BT WIHEEEHL 16000 r-min™' 43 F4it+E 2 min.
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pH 7) W, FII R 1 P28 S P, Fre 2B il e R e 52 Sk 13.8% Wi, LATRIRE 9 Jr v, e il 6 oK il e S
H3.21% WIW.
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#] 1.6 mg'mL™. 100 rmin” M & 2 hJ5, BUiE 10 g B BI0E AL A FE &L Bl S 0 A 1 mol-L™ NaOH i 15
pH 2 7.0, F5F 2 h. B— L IH G, RS I T 3R4E NPs. ZERE TN A 1.5 mL 7% 0.25 mol- L™
CaCl,"2H,0 #i1 3.75 mol-L™" NaCl BRI, S8 5 A 3.5 mL(0.05 g-mL™") A I R IR . B R G0 3%
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AT IE 2R, LA RE G0 £ E I 0 P,

HRHEAR A3 BT G (PALS) , ffi J] Zetasizer Nano ZS90 {¥ £ A [G) 7 AL 2 S5 T B 20540
K ABURE ) B K AT % 2R (electrophoretic mobility, EPM). X T AN A& A4, X BE fi i 22100 5E 10 YR EE- 3
{8, IFEE 3 WA AREEE B, 285 R A (DB zeta(O) LN

= 3nUg
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2 5B 5308 (Results and discussion)

QP)

2.1 NPs & A& W) 5L o Hi iy PE

FEHE NPs 2 17 WO A bR A B 58 T b f AU 5 GIT Z T, Rl e 4l 7K v i 4 38 b 2
Ji(F 2). AlAE NPs B)F-EpRiA2 0 54.47 nm. % pH M 2.5 THE £ 6.8 F1 7, NPs () C FLAZ A —17.47 mV
HE5R % -25.52 mV F1-29.19 mV, 3% 7] BE2 i1 T T 20 119 S0 SRR 29 1 IR 1) NPs 119 3 1f T 2. SR W AR 4
JKEREE R, B pH B9 TFE, NPs Y A R i 1 28 7 434 5 7).
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Table 2 Initial properties of nanoplastics
e FMHEA/mV
PR /nm Surface potential
Average particle size pH2.5 pH 6.8 pH7
54.47 —17.47 —25.52 -29.19

22 ARIEYFETTT NPs Ride 1 i) 22 1k

XA YRR, NPs /1 B A 3 B Bl Au e ah 247 7RI, JF 8 25 FIHARIR . InA
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K2 BRI O Z2 e 2, HLAR B B AR DR AR B/ N 7 m B sh a3, A0 T 25 FHAR IR INA '
Wy B 0 T P TR S92 6 2 O 3k 3 Y S G 4 D A oK SRR, ELRTRESZ B0y . 2 A O A
o, IMAGUK RS, SR 2 S Y IR 3 & AR EAE T, T 45698 BURT i P SR 44
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0 .
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E 40t A E 40t
E E a
§ / )* 1 ‘,\ S 1 \A‘A % i
£ 20t \ " & 20t 0
[ SAN .
0 - P \**‘ﬁn " 0 I *.
10 100 1000 10000 10 100 1000 10000
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ES -a- ] Salivary(NPS) & —a— [ Salivary(NPS)
= 80tk —o- B Gastric(No NPS) < 80| —o— HGastric(No NPS)
= -e— HGastric(NPS) = —e— B Gastric(NPS)
%‘) - fgIntestinal(No NPS) .%‘7 —o— fzlntestinal(No NPS)
Z ol -a- fgIntestinal(NPS) = g0k —a— fzlntestinal(NPS)
z 9 =
g g i
E 40+ 7 £ 40- R
§ vy E j u.
51:3 20 + 4 E 20
A A
0 ) . . . 0 Al .

10 100 1000 10000 10 100 1000 10000
Hydrodynamic diameters/(/,)/nm Hydrodynamic diameters/(/Jy,)/nm

Bl 1 100 mg-L™' PSNPs 7E{ASME i #2 i 5 W] & Wy 5L A F i RE 434
(a) 25 FTHALTG ()25 I &AL (FFM) ; (o)A BRI (SFM); (d) 2 15T (protein) ; (e) JEH (starch); () i (oil)
Fig.1 Size distributions of 100 mg-L ™' PSNPs during each phase in vitro digestion with the different food matrices
(a) blank digestion fluid; (b) FFM; (¢) SFM; (d) protein; (e) starch; (f) oil
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523 @ iRl (FEM) A EE (8 1(b) ), LA T SFM., protein, starch., oil A [R]&¥) L5, AR iHAL
1) NPs Fift o1 S I 2 WS, SEXPRi AR I, R R R 438 AERE B A (18] 1)) R, MER T AR
BB, R0 H L = ORI Beh iR AR o A ER B S, Y BRI, 3K R IR E B LR A 2R
AR AR E ), W R SAnE RIS N B YR BTF 5 950, 2 BOH LR A O TR P B &
F(E 10d)) T, FRE 5 1 0 5 0 A i B B AR 28 30 L0 AR B A R AR 43 AR T 2, 3 AT RE UH X 1 8 11 s A
NPs 2 Y BAE P 22 00 THE05. i AE B 1, i T 5 8 6 8 09T A e D, S5 iR 4 A 1Y) Jot 38 o
THER AR Sy S A B, 2R R AERE AL PRI 1(e)) T, FTRE B B AR A B B
LI LP— R nRite oA th 2, X v LU 388 58 2 e e, JF H 5 NPs Z B AN 2 & A i
AHEAE R AR R, S )m, ZEIM AL PR 1(D)) T, S8 H 78 17 W50 T8 MR R AR 43 A1 Bh 28, 13Xt Ayl 7E
1% 390 i BB ik A i 17 TR %) R P A DB,
23 AEIEYHEE T NPs fiksh f12# HAE Rk

WK 2 feR, INAGUKEBREE I Dy X525 FE AR (& 2(a) ) In A B W 2 5T 5 79 9 1 1 55 52
B 2R ), 3E— 2P S 0 UL A gk SR R, H s S B IHAR S R A AR EAER.

r (a)2% 197446 Blank digestion fluid 2500~ (b)=2 B A4 L RIFFM
14000 - B | | Salivary 1935.11
] Gastric B Undigested 27198467
12000 7 JIntestinal 2000 F B | | Salivary(No NPS)
7443 44 | I Salivary(NPS)

T1Gastric(No NPS)

£ 10000 5 ] GastrioNPS)
g iE) 1500+ E@imest!naizg_[o)é\)ms
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£ 8000 529422 £ o
g 2
g 6000 g 10001
) )
S S
i 000 é 5001
F 2000 A
256.80
0 0
~ (bR PRI SFM 6000~ ()% [ i Protein
A 54k Undigested 2361.30 A K Undigested 4942 .67
3000 L [ M Salivary(No NPS) [ 1 Salivary(No NPS)
. [ Salivary(NPS) [B N Salivary(NPS)
- ggas:rgcgmgsl\ips) =§8as:rgc§§gsl\ips)
astric astric
7 s 1ntestinal(No NPS) 4000 [EZMlntestinal(No NPS)
éjifllgtestina](NPS) Mrlmestina](NPS)1257 00
2000 | A 3257,
1282.48

1541.70
920.86

2000+
1000

Hydrodynamic diameters (Dy,)/nm

Hydrodynamic diameters (/y)/nm

411.38
405.17 377.73

0 0
40000 - (€)M Starch 3240333 300001 (fiOil
3L Undigested 30036.67 £ Bl A Ak Undigested

£ [ Salivary(No NPS) = B P Salivary(No NPS) 53930 00
£ [ Salivary(NPS) & B [ Salivary(NPS) S
Z30000F  HGastric(No NPS) =3 &) 1 Gastric(No NPS)
= 4 Gastric(NPS) % ] H Gastric(NPS)
w Jntestinal(No NPS 5 20000+ Wintestinal(No NPS)
% JIntestinal(NPS) g Jlntestinal(NPS)
2 =
8 20000 F 5
= 2
2 g
5 £ 10000}
£ 10000 - £
: Z
=

o L8903 888172970 978.481096.33 o8 73440739 g2

B 2 100 mg-L'NPs 7 A [F &P 5L BRSNS A& B B A s 2= 342 (Dy)

(a) 25 ML (b) 2= YR (FFM); (o) PfE IR (SFM) ;5 (d) 2 A% (protein) ; (e) JEH (starch); ()7 (oil)
Fig.2 Hydrodynamic diameters (D;) of 100 mg-L '"PSNPs during each phase of in vitro digestion with
different food matrices
(a) blank digestion fluid; (b) FFM; (c) SFM; (d) protein; (e) starch; (f) oil

RIEB B, 2= YRR (5] 2(b) ) N B9 Dy SHIAG-F BRI (54.47 nm) A1 22 A K, B ifE 2 PR
(B 20e)) . FHABUE 2(d)) | 38 (K 2(e) ) (& 2(6) ) A B WAL B /R AT R U R 38 18 Kk, 73 il 4 ok =
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666.1, 405.17, 89.03. 618.22 nm. iX A fEJ& H T B ¥ 5 T 23 B W M T NPs 3R 10T, 3 R FL P SR AR B R A2,
FEAR R 25 B W 5 0 A AS ) P T 28 R RO TR B R/ b ol B 0 BE BT >3 I >TE >SS I B i) . 5
KIHIEI NPs-B Y IL R RIA L, 2210 B | 4L BES Dy W38 38 K, dE— A UE TR N T ki
FEXT NPs &5 3l ) 7 1 d 2 AR H.

TE B B, BRE AN RSN, HA &Y R (1) Dy R B — & R 3. Zhou Y 2 {if
AR LS BN SRR IR, X AT RS2 1 T 2R 1 B 5 NPs (3R PR 55T i T 288 1 i L 2=, I i
PR LS ] 457 BH A LR 531 NPs. — 26 5C FAR YR SR A X 32 BH, 11 s B B B W 2 S X NPs 119
R LT WA 522, 5 AR 206 25 A — B0 X R E DL Y B, T ARG . pH A8 1b 55 PR 2 WA 1) 1k
2P SR N ] BB R HE T R R B PE AU,

B, 5 0 R BOH L, T AR (9 Dy FHEIN, X T RE R R T pH T B, AR 110 R IR 1A Bk
JEFAL, KKFEAR T NPs (9B RE & M, 5200 NPs 55 09 A AR R, e A dE i Xt NPs 19 1% B - 1 560
BT EER. BAh, @B 7 5m EE A A Bt v BB 5 — AN R L ZE BB B, B (& 2(d) ) 1 AR 1k
(Dy MNITHAEY 377.73 nm H51ZE 4942.67 nm) i 0] 5 R 9% B 8 B A6 o 2 2L R . IIORD & 48R 2 1,
FEAIR T NPs 22 [B] % i fEL HE R R 2 [ F BHL, 385 1 0 AG PR SR B4 X F il i) b B, B 438, e HE R sk 2>
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Fig.3 Zeta ({) potentials of 100 mg-L'NPs during each phase of in vitro digestion with different food matrices.

TENA ], NPs /Y Dy, AHET B AR 2 B0 B 2 A o0, i 2R 56 o (181 2(F) ) R Bl ol 3% . 3 ] g
Je T pH T, JBEEE R A 23 70 1 18 39 e nag 1 SRR M fE il S W 5L A A 3R, NPs 1
{18 2 K 15 0 I Tl (o JBR 2 1 ) 6 A T 0 T Ak R R TR, O 15 I ERIR 5 R R & R, LS i
NPs f{#%ERY. DeLoid %5 W EEE] 172U BEG, B b T2 18 =I5 HM A1 4L, #8090 Fe 05 KA T
TE/1N B B B REAR I ).

WA T , FEE T RIURARAS, JEHS (& 2(e) ) XF NPs A 1A o) 1 2% T AR 36 e de K, DA 101 309 2 ' 3,
Dy, H1229.7 nm 3 il 2 30036.67 nm, AHEL T HAL YL, Wi ] Boki A2 ik, Dy 29 1096.33 nm, Xof
NPs F5E SR 5 BT 2 P B2 W fi 35 3R] REJE: T 9ER P B 2R 7K R 70 1 BB IR K, RETE AT AL
M JEE A AR A . X e T DA 2 B mT R TR A6 1 i LA D R 5 A B XU
24 AN[EEYEETT NPs 2 AL A7 1281k

e 3 frzs, M T NPs fEAR R AR, 1 E s = g0 e By C i py 284k, k529001
1 NPs R 1 945 5 5 VARG

1B B, NPs- £ PR BB A5 11 L i, Y8 FELAN—5.77 mV $-34.27 mV, 3X F W] AT AR R HAT 008
AR S PR RS E P . T 335 40, BT AT B9 NPs R B JL-F- 58 A i fL AT T R, CHLAZ 4508 T 0, $E 2= 7E FFM,



34 FERR I A AN TR B W SO0 A K SR B I A T O 5 R RG SE E F) RT 739

food matrix, starch 25T, NPs 5 8 H H faf S 5% 17 A3 e 600 F ey, X n BB 2 B 1 1 4 1 I8 3 2 R
T AR 56, XU 2 T AT R AT T BRI/ Y. A — e g R, T RE R SR pH E (~1.5) F 52
JE DA B T A6 DL AR T 5 7 1 09 45 5 (pl 3—5) 2547 5629, i A B B, NPs S EE 397 36 R 7 L £,
HAEHE#E-21.29 mV £]-28.02 mV. ££ Z i 1 —LE0F 58 gt A7 s T Al . IRV 3R 5 NPs 145 502, 1
LR AR TR —BNEER, EEYRTN S 52N, B L RIS Y B IR SR sl AR I iz
A5 NPs #i45 &, FFAe i1 8 DR i 2, iF— 255808 NPs B VR, X — o5 i M B B ¢ R 19 1
T AT WA W2 B 4 R 2R TR A ) B H ARr OO g EL A SR TR R R A PR B R T {45 NPs TR 4K

T A T) £ 0 366 S5 0 VR T, e A 1 R s e D) 36 B8 Sy 10 s B B« it (—34.27 mV) > I £ ) 455 764
(—19.67 mV)>FEH (—11.97 mV) >%5 &P HE AL (—9.93 mV) > H (—-5.77 mV), H H]. 23 5 & Py 15 Rl
((9.30 £ 0.58) mV) >FRiEE YA (5.31 mV)>iH (—1.41 mV)>E 1 (—-1.31 mV)>IER (0.33 mV), %
112 9 (—28.02 mV) >FRifEE YA (—23.44 mV) > [ (-21.64 mV)>% B YA (—21.4 mV) >TE #)
(=21.29 mV). Horbr, VERITE B WIS TR E YRR I, TE M RE ST A R0 38 ok 35 in-~F- Ykigss, BEAR ¢ L f sk
RV I A Py e 1. ) EG T T A 5 R AL A AN RS i, T 28 B 6 I e — G0 Al v R 30 Ak 1Y)
e Ve, 2 DA S B 3 5 A8 (O 7 FH—1.41 mV 3578 -28.02 mV), 3 A 5 B T 76 % 5 g i
B A AEAE. Bl b & A B Th & A B D7 g, Pk — 2D A A0 07 A K A, DR bt e 256 5 mT 7 i B B b
I REWR, AT RS NPs fi H: ¢ R A0 1) 4 KB 3G =20, [RIARE Y, 76 1 R B B, S AR T8 I R R R
F14) Ji D1 A, T e U PR 11 R A B U A it 1 P T R S T — SS9 2 v, R 30 v R R A B SR AE v
AR, 1 A 4 RS A, X — B 22 St NPs (592 0 LR S AT 45 A4 D 2R [ A7 i g
AT AL B AR S R R, USRI s o B A8 L 2 I £ B A T ok ) S PR R 28R

3 2515 (Conclusion)

DIAEWE 58 A1 20 B P 56 0 5 T Ak el B 9 5 ), A S 565 3 o 57 GIT BB AP Ak — o Asi Y, 45
FARMERYIEETT, BT /K AL AW TS H BB B 58 U6 AR Y NPs Ride 48 b 5 e iR fa e
PRSI, SCOREE BRI, BB 1S 5 S5 e AR Y NPs PR AR 55 3 10T fL A 19 A8 4k, 5 R TH AR Y
B 54.47 nm AH L, B TER . TZRE RS TINAJG, Dy 3 % 405.17. 89.03, 618.22 nm. LAk 2B
M. BRI | R RIS, R AR/ | R P3G, IR BN & WL B AN AT AL B B 1)
AN TRRRPE . A 8 I B OREAR, AR ¢ R A ok A BN BT A IS IR RS IR, 76 . IR AR K, 43
124 30036.67. 1096.33 nm, ¢ HLA 43514 0.326., —21.29 nm. & [0 32 258 5o W T NPs 26 8 &
5 7E B A0 B B R AL, T — 25 B AL NPs 22 8] (1% 6 H HE R R s (B) e B, 345 L A 3R, B R AR
M 377.73 nm 4N 2 4942.67 nm. i1 i T2 60 101 04 ST o e o g D IR, 5 IR TR A BUR A IR,
TE W7 W F 0 B R S8 B B, L S —28.017 nm. DA 25 5 7R, NPs i 152 314 14 1k it %o 4% £ 1y 4t
J 0 e . pH AR | A5 Rk T 5 ()5 T, R SIS A TE T S OR TR 3 i & AR B 2R AR
VEFH, DT el 28 H B A T8 A7 o0 5 B A Re e . 5T AT 9% K 22 56 T 2 A sf () 2 55 i Ak ik S A 1k, R
)R 2t A AR SR BR T FRRP 4 S A 9. 6 T 0, AR ST Bk T AR 3R P U R B A B A T
YRS E AR JEN . ISR B, IR4E A RIME AR, KT BE L SE MR S9N K SRR 7
N8 738 04T R 5 BRSPSt — 20Tl A B R IR T DI 0 40K RGBS e 48 4
JRUBS: A8 T AR, AR S 9K 38 3% i 02 i 5 D Re & PSR T 0 0 SR S 9 A, HESh ok s kL
et B 5 ) PEAR BIF 9 1) 2 .

2 % 3k (References)

[ 1] ALIMI O S, FARNER BUDARZ J, HERNANDEZ L M, et al. Microplastics and nanoplastics in aquatic environments: Aggregation,
deposition, and enhanced contaminant transport[J]. Environmental Science & Technology, 2018, 52(4): 1704-1724.

[ 2] CARPENTERE J, JR SMITH K L. Plastics on the Sargasso sea surface[J]. Science, 1972, 175(4027): 1240-1241.

[ 3] PANKOJM, CHU J, KREIDER M L, et al. Measurement of airborne concentrations of tire and road wear particles in urban and rural


https://doi.org/10.1126/science.175.4027.1240

740

7 A 4

3

44 %

[4]

[5]

L6]

[7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

areas of France, Japan, and the United States [J]. Atmospheric Environment, 2013, 72: 192-199.

Da COSTA J P, SANTOS P S M, DUARTE A C, et al. (Nano)plastics in the environment—Sources, fates and effects[J]. Science of the
Total Environment, 2016, 566: 15-26.

NIZZETTO L, BUSSI G, FUTTER M N, et al. A theoretical assessment of microplastic transport in river catchments and their retention
by soils and river sediments[J]. Environmental Science. Processes & Impacts, 2016, 18(8): 1050-1059.

DRIS R, GASPERI J, ROCHER V, et al. Microplastic contamination in an urban area: A case study in greater Paris[J]. Environmental
Chemistry, 2015, 12(5): 592.

CHAE Y, AN Y J. Effects of micro- and nanoplastics on aquatic ecosystems: Current research trends and perspectives[J]. Marine
Pollution Bulletin, 2017, 124(2): 624-632.

LIU Z Q, L1 Y M, PEREZ E, et al. Polystyrene nanoplastic induces oxidative stress, immune defense, and glycometabolism change in
Daphnia pulex: Application of transcriptome profiling in risk assessment of nanoplastics [J]. Journal of Hazardous Materials, 2021, 402:
123778.

TER HALLE A, LADIRAT L, GENDRE X, et al. Understanding the fragmentation pattern of marine plastic debris[J]. Environmental
Science & Technology, 2016, 50(11): 5668-5675.

SCHWABL P, KOPPEL S, KONIGSHOFER P, et al. Detection of various microplastics in human stool: A prospective case series[J].
Annals of Internal Medicine, 2019, 171(7): 453-457.

CHANG X R, XUE Y Y, LI J Y, et al. Potential health impact of environmental micro- and nanoplastics pollution[J]. Journal of
Applied Toxicology, 2020, 40(1): 4-15.

YANG S L, LIM Z, KONG R Y C, et al. Reproductive toxicity of micro- and nanoplastics[J]. Environment International, 2023, 177:
108002.

CHAMAS A, MOON H, ZHENG J J, et al. Degradation rates of plastics in the environment[J]. ACS Sustainable Chemistry &
Engineering, 2020, 8(9): 3494-3511.

MAHLER G J, ESCH M B, TAKO E, et al. Oral exposure to polystyrene nanoparticles affects iron absorption[J]. Nature
Nanotechnology, 2012, 7(4): 264-271.

XU X, FENG Y D, HAN C J, et al. Autophagic response of intestinal epithelial cells exposed to polystyrene nanoplastics[J].
Environmental Toxicology, 2023, 38(1): 205-215.

HU Q L, WANG H, HE C, et al. Polystyrene nanoparticles trigger the activation of p38 MAPK and apoptosis via inducing oxidative
stress in zebrafish and macrophage cells [J]. Environmental Pollution, 2021, 269: 116075.

McCLEMENTS D J, DeLOID G, PYRGIOTAKIS G, et al. The role of the food matrix and gastrointestinal tract in the assessment of
biological properties of ingested engineered nanomaterials (iENMs): State of the science and knowledge gaps[J]. NanoImpact, 2016, 3:
47-57.

YIN C Y, ZHAO W L, LIU R, et al. TiO, particles in seafood and surimi products: Attention should be paid to their exposure and
uptake through foods[J]. Chemosphere, 2017, 188: 541-547.

ERSOZ N, CANGA E M, YILDIRIM-ELIKOGLU 8, et al. Effect of real food matrix on the behavior and toxicity of TiO,
nanoparticles [J]. J Nanopart Res, 2022, 10: 211.

ZHANG Z P, ZHANG R J, XIAO H, et al. Development of a standardized food model for studying the impact of food matrix effects on
the gastrointestinal fate and toxicity of ingested nanomaterials[J]. NanoImpact, 2019, 13: 13-25.

DeLOID G M, CAO X Q, COREAS R, et al. Incineration-generated polyethylene micro-nanoplastics increase triglyceride lipolysis and
absorption in an in vitro small intestinal epithelium model[J]. Environmental Science & Technology, 2022, 56(17): 12288-12297.
COREAS R, CAO X Q, DeLOID G M, et al. Lipid and protein Corona of food-grade TiO, nanoparticles in simulated gastrointestinal
digestion[J]. NanoImpact, 2020, 20: 100272.

LI 'Y, JIANG K, CAO H, et al. Establishment of a standardized dietary model for nanoparticles oral exposure studies[J]. Food Science
& Nutrition, 2021, 9(3): 1441-1451.

LALOUX L, KASTRATI D, CAMBIER S, et al. The food matrix and the gastrointestinal fluids alter the features of silver
nanoparticles [J]. Small, 2020, 16(21): 1907687.

LI Y, McCLEMENTS D J. Influence of non-ionic surfactant on electrostatic complexation of protein-coated oil droplets and ionic
biopolymers (alginate and chitosan) [J]. Food Hydrocolloids, 2013, 33(2): 368-375.

LIU Y J, HU Y B, YANG C, et al. Aggregation kinetics of UV irradiated nanoplastics in aquatic environments[J]. Water Research,
2019, 163: 114870.

LU S H, ZHU K R, SONG W C, et al. Impact of water chemistry on surface charge and aggregation of polystyrene microspheres
suspensions [J]. Science of the Total Environment, 2018, 630: 951-959.

ZHOU P F, GUO M F, CUI X Y. Effect of food on orally-ingested titanium dioxide and zinc oxide nanoparticle behaviors in simulated
digestive tract[J]. Chemosphere, 2021, 268: 128843.


https://doi.org/10.1016/j.atmosenv.2013.01.040
https://doi.org/10.1071/EN14167
https://doi.org/10.1071/EN14167
https://doi.org/10.1016/j.marpolbul.2017.01.070
https://doi.org/10.1016/j.marpolbul.2017.01.070
https://doi.org/10.1016/j.jhazmat.2020.123778
https://doi.org/10.7326/M19-0618
https://doi.org/10.1002/jat.3915
https://doi.org/10.1002/jat.3915
https://doi.org/10.1016/j.envint.2023.108002
https://doi.org/10.1038/nnano.2012.3
https://doi.org/10.1038/nnano.2012.3
https://doi.org/10.1002/tox.23678
https://doi.org/10.1016/j.envpol.2020.116075
https://doi.org/10.1016/j.chemosphere.2017.08.168
https://doi.org/10.1016/j.impact.2018.11.002
https://doi.org/10.1016/j.impact.2020.100272
https://doi.org/10.1002/smll.201907687
https://doi.org/10.1016/j.foodhyd.2013.04.016
https://doi.org/10.1016/j.watres.2019.114870
https://doi.org/10.1016/j.scitotenv.2018.02.296
https://doi.org/10.1016/j.chemosphere.2020.128843

34 PRI A N IR) B B SO 94 oK SR B AT R 5 R AR E M 1 5 ) 741
[29] DeLOID G M, WANG Y L, KAPRONEZAI K, et al. An integrated methodology for assessing the impact of food matrix and

[30]

[31]

[32]

[33]

[34]

[35]

[36]

gastrointestinal effects on the biokinetics and cellular toxicity of ingested engineered nanomaterials[J]. Particle and Fibre Toxicology,
2017, 14(1): 40.

GO M R, BAE S H, KIM H J, et al. Interactions between food additive silica nanoparticles and food matrices[J]. Frontiers in
Microbiology, 2017, 8: 1013.

ZHANG Y Y, PIGNATELLO J J, TAO S, et al. Bioaccessibility of PAHs in fuel soot assessed by an in vitro digestive model with
absorptive sink: Effect of food ingestion [J]. Environmental Science & Technology, 2015, 49(24): 14641-14648.

KASTNER C, LICHTENSTEIN D, LAMPEN A, et al. Monitoring the fate of small silver nanoparticles during artificial digestion[J].
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2017, 526: 76-81.

WALCZAK A P, FOKKINK R, PETERS R, et al. Behaviour of silver nanoparticles and silver ions in an in vitro human gastrointestinal
digestion model [J]. Nanotoxicology, 2013, 7(7): 1198-1210.

CAO X Q, HAN Y H, LI F, et al. Impact of protein-nanoparticle interactions on gastrointestinal fate of ingested nanoparticles: Not just
simple protein Corona effects[J]. Nanolmpact, 2019, 13: 37-43.

van AKEN G A. Relating food emulsion structure and composition to the way it is processed in the gastrointestinal tract and
physiological responses: What are the opportunities? [J]. Food Biophysics, 2010, 5(4): 258-283.

DEGEN L P, PHILLIPS S F. Variability of gastrointestinal transit in healthy women and men[J]. Gut, 1996, 39(2): 299-305.


https://doi.org/10.1186/s12989-017-0221-5
https://doi.org/10.3389/fmicb.2017.01013
https://doi.org/10.3389/fmicb.2017.01013
https://doi.org/10.3109/17435390.2012.726382
https://doi.org/10.1016/j.impact.2018.12.002
https://doi.org/10.1007/s11483-010-9160-5
https://doi.org/10.1136/gut.39.2.299

	1 材料与方法（Materials and methods）
	1.1 化学药品与试剂
	1.2 制备NPs悬浮液
	1.3 空腹食物模型（FFM）的配制
	1.4 标准食物模型（SFM）的配制
	1.5 其他食物模型的配制
	1.6 体外模拟消化实验
	1.7 表征方法

	2 结果与讨论（Results and discussion）
	2.1 NPs渗入食物基质前的性质
	2.2 不同食物基质下NPs粒径分布的变化
	2.3 不同食物基质下NPs流体动力学直径的变化
	2.4 不同食物基质下NPs表面电位的变化

	3 结论（Conclusion）
	参考文献

