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Abstract: [Objective] The aim of the study is to explore the effect of adding sodium nitrite (NaNO,) and tea
polyphenols (TP) in fresh pork on the toxicity in vivo of carbon nanoparticles (CNPs) in fried pork. [Method] CNPs
were obtained from the fried pork prepared from fresh pork without additives (control group), added with
NaNO,, and added with TP. BALB/c male mice were gavaged with 5 mg/kg and 15 mg/kg CNPs, respectively.
[Result] CNPs significantly inhibited the weight gain of mice, reduced the red blood cell (RBC) count, white
blood cell (WBC) count, hemoglobin (Hb) mass concentration, and platelet (PLT) count (P<0.05), and affected

liver and kidney functions in mice. HE staining showed that CNPs induced significant damage of the liver and
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colon. CNPs weakened the enzyme activities of antioxidant enzymes such as catalase (CAT), glutathione
peroxidase (GSH-Px), and total superoxide dismutase (T-SOD) and decreased the total antioxidant capacity
(T-AOC) in the liver and colon, while elevating the levels of malondialdehyde (MDA), the inflammatory factors
interleukin-1f (IL-1B) and interferon-y (IFN-y) (P<0.05). Compared to mice gavaged with CNPs extracted from
the raw pork added with NaNO, after frying, those receiving CNPs from the pork added with TP after frying had
slow weight losses and mild organ damage. In addition, gut microbiota analysis revealed that CNPs changed the
relative abundance and diversity of intestinal flora in mice, especially reducing the relative abundance of
Lactobacillus closely associated with the inhibition of colitis and increasing the relative abundance of Bacteroides
associated with septicemia and appendicitis. NaNO, aggravated the decrease in relative abundance of
Lactobacillus and the increase in relative abundance of Bacteroides, while TP effectively mitigated the relative
abundance changes of the above intestinal microorganisms. [Conclusion] The CNPs extracted from the raw pork
added with NaNO, after frying were more damaging to mice than the control group. Compared to both the control
group and CNPs extracted from the raw pork added with NaNO, after frying, the addition of TP can reduce the
toxicity of CNPs in vivo. The results provide a perspective to prevent the toxicity of CNPs in vivo and a
theoretical basis for assessing the health hazards of red meat products.
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Fig. 1 Effect of CNPs on the body weight of mice
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Fig.2 Effects of CNPs on blood indicators of mice
=1 MRIAEIER
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Table 2 Serum biochemical levels of mice
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(g/L) (g/L) (g/L) (u/L (u/L (u/L) (umol/L)
of 2 58.1+3.1° 37.5+2.2° 22.3+1.0° 46.3+1.5"™ 106.0+3.6" 90.0+1.8" 19.540.6°
NA-L41 57.6+4.8° 36.4+3.0" 21.2+2.0° 51.8+1.5" 114.0+4.9° 85.5+6.4° 20.4+0.8"
NA-H 41 60.4+1.3" 39.0+1.7° 21.4+1.7 54.0+2.3® 131.0+2.8" 94.5+4.9% 22.2+0.3°
Ay 41 58.3+1.2° 36.7+1.4° 21.6+0.3" 50.4+2.1° 117.0+3.1° 87.0+4.2° 20.4+0.5"
Anan 21 61.5+4.1* 39.143.2° 22.4+1.1° 60.9+1.3* 122.0+2.1° 104.0+2.8° 25.9+0.6°
A 4l 59.3+£5.4" 37.6+3.6 21.7+1.8* 48.142.1% 105.0+2.6* 82.5+6.4° 20.8+0.7%
Ay 59.7+£3.2° 37.1£2.3° 22.6+0.9* 45.9+2.1% 118.0£1.6° 93.0+5.4™ 21.7+0.6
A BN [ 52 BE R R 7 5 8 3% (P<0.05)
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Fig. 3 Pathological observation of the effect of CNPs on mouse organs (40x)

BN T Ay AN IEH . HE B
SE AR A ZH /N BRUTF 20 B 53 4% 52 E L 1T Ao
H/ANR Al FE 5 NA-HH B A E Z 57,
HEBGEET NA-H4L.
2.6 CNPsx/NRATAE LB AR P S HEEHES

SENFRN YRR

2 HE 4% 5 1) Jv M % 2] CNPs XF /) BFF BE
g5 o 1 B4 5k — 2B I E I L S5 R B A A
ity (1) B 3% 77, LA SR B A CNPs X /s B JIE A1 45
Jo 2H 2R 0 45 4 AF o S AL ) B A B (SODD) fig
% B) 2 [ ML AR T BR B B SR RE T s CAT £ #
Z 5 HLAR A E PR ST s GSH-Px B8 9% fi 4L 43
fil BLAR Y 7= A2 1l A &, T-AOC fE I B B 44

PUAALRE JI I B 55 o TR Uk, R /N BRHF BIE R0 &5
M ) T-SOD .CAT .GSH-Px . T-AOC ] /K *F BE % [z
W/ B AR A BT EAL BE 71 . MDA R HLAE N TE 1)
Jig B ik AL W, W 5E MDA K SF AT e it 4 D 45
i FE

Wi E 4Ca)~(h) Frw , B N CNPs J& , i JIE Al 25
Jiog 28 23 v 7 28 Ak T ) Bl IS ) 2 3 PR IR (P<0.05)
£, 45 T-SOD. CAT Ml GSH-Px. 5 %} [ 41 41 kb ,
Ao L FFHE L &5 17 19 T-AOC K F 40 3l R & T
42.86%+72.57%. W 4G~ ATs , NA 4H /N R
JF W A &5 i 20 23 P 1 MDA J 2 BE IR 3K B I 35 3R
& (P<0.05) , U2 Agn 41, BT IE A ) MDA i &=
JEE IR VR FE R HR AL T 4 % . 45 R BH, CNPs 1]



7% I T R R S 0 2 25 B A e K S PO P R SR BURL S /)N R PO M Y B2

RIS

Vol. 44 No. 2

L
(=3
sl
—

(Tw/n)/ff HEEAOS-L

FRRE 2 5 535 (P<0.05).
(b) 45 T-SODREE 1

K

2(P<0.05).

- rHT-SODHE /1

TR ZE S
(a) JFHIE

K

L
(=3
(o}

v (=) wvy

(Twy/n)/rf EHERIVO

80

(Tw/n)/ 7 HHEIVO

#(P<0.05).

AR B 257 8

. 2(P<0.05).

AT R 5

(d) &5 h CATHE S 1

71

%

() JFEH CATRFE

2000

(Tuy

:vkﬁmm@é.:mo

R 22 57 1. 3% (P<0.05).
' GSH-Pxfi

‘(l
() 4l

%(P<0.05).

=]
ME

A T R S

x

yal

L300

3% /1

(e) HHIE - GSH-PxHi

AN )RR 22 57 1 35 (P<0.05)

AN )RR 22 57 1 35 (P<0.05)

(h) 457 T-AOC/K T

7
o <t o (=]
(B/10ww), 75 Al 585 1 VAN

(g) FFIEFHT-AOC/K T

(B/1owuun), 75/ YA, 35 1 VAN

#(P<0.05)

EESe LT

x

R 2 2 5 5L (P<0.05).

ENGES

() &5l MDA KF

JIE MDA 7K

(i) KF

B 4 CNPs 3t M IE Fo 2 17 o 40 A AL 85 85 & ) Fo BAL = 40 K -F 89 % o0
Fig. 4 Effects of CNPs on the enzyme activities of antioxidant enzymes and levels of oxidation products in the liver and colon

107



108

Journal of Food Science and Biotechnology

B AL B 2 A 1 16 G 9 0, 38 0 g o AR Ak R 1
KF o 5 NA B Ay HAH B S Axan 2 /N BRAK A BT
AR MBS )T B 2, R W] NaNO, X /s B
JIE R 5 g 1 A8 A 437 A e 7
2.7 CNPs %t B B \ 45 B% 48 22 & IFN-y #0 IL-1B B9
2
IFN-y F1 IL-1B /& tH 2 P 48 M 7= 2 1) 28 i B
T AEAL B AE B COE FE E AOK E
WHERSE T AKEEHEEEH. WE 5~
Jr 7, CNPs s 25 B8 001 /N B J0E #0465 iz IFN-y

40

IFN-y/KF/(fg/ug)

$ %?"\) %?“' =
AN F B 22 57 1.3 (P<0.05)
(a) FFIETFN-y7KF

IL-1B7KF/(fg/pg)

S <& <& R S R
ANl REAR AR 22 57 5. 35 (P<0.05)
(c) AFIEIL-1B7KF

BEE299HF 2025 F 2 A | ERE5EYMEARFER

K (P<0.05) o 5 Appy ZHAH EE 5 Ao 20 JHF I 0 25
Wi 41 23 H TFN-y 7K P 43 0l B 25 32 & 1 22.23%
61.22%(P<0.05) . 1P 5Cc)~(d) AT, 5 xf R4
AL NA 4K BT BE AT 45 i 20 20 TL-1B /K °F &
T (P<0.05). 5 NA-HZHM L, Agn 2H /N B 45
J¥ 2 23 FR TL-1B 7K F 2 2 F 55 (P<0.05) 5 JiF I 0 &5
o L 23 Aqpy ZH 10 TL-1B 7K °F 43 i 32 25 PR AR T
10.15% A122.5%(P<0.05) . %% 7 F£ W ,CNPs 1]
B0/ B R A2 i 4 2R 7 AR — ) S RO, HE
o Anen 2 B A O™ ) SROGE N

B 5 CNPst AL 25 B 40 42 IFN-y = [L-18 K -F 89 % 7
Fig. 5 Effects of CNPs on the levels of IFN-y and IL-1 in the liver and colon

2.8 oaZHMSH

o Z RO TRV LN £ 5
P, RIBRMBH AT T IFM A FE 2 N
U5 5) B 5 5 T ) Fa b, A RN AR SR N 2 RE .
T REBL Y A TH L VE Al /N B AR B TR ) o
Z FE 1, LL Chaol 5 50 & 4F F & £, Ll Observed
species 18 Z U Al B 7 F ¥ A i % H , LA Shannon
& BRI Simpson & FU R AF 2 FE M

Chaol #§ %4 - Shannon #5§ % #1 Simpson $i& % L

10
~ 8—
e
z
S 4t
z
=i Pl
2r e
T :::: B
N LA A S o e
AN F B 22 57 1.3 (P<0.05)
(b) ZEIAIFN-y7KF-
10
~ 8 i
2 ¢
g or d
=
g af
=
2 -
0
N g S il “i%
ASY %Y" %Y" = Y"d\ & Y.&“'\
TR 2 5 B (P<0.05).
(d) ZEMIL-1B7KF
6Ca)~Cc), 5 xF B 2H A0 Lk, 3 Fl AN [A] 1) CNPs 3

my /AR mEEFEN2ZEE. 5 NA-HAMLE,
A H AT Ay 1 1) 08 SAE YD X R AR XS B2
AR FEBE B R %, (H 3 40 ) 22 7 A B 3 (P>0.05) .
Good’ s coverage fi ¥ 73 #r 45 A WL & 6 (d) , s
NaNO, Hl TP 7] i 35 $& 5y CNPs X /)N B 7 18 B B 11
ViR R R, FE /DR SRR
29 BEHMSN

B2 FEVEAR 3 B T AN [F) A2 555 (R ) Fb 22 A 12



Vol. 44 No. 2

(L, BIVRE A [B) 1R 22 5o 4n
Tl 2B W 405 K AT B 3 22 S (P>0

IKERTR S 7N 00 JL A ER S0 2% % B A0 Seh K S P SR R A SR AL X N R IR BRI

6Ce) itz 4 ZH 18] 1)
.05). fENMDS %

Br O 3 4H N 0.091 5) FF 45 KL 1 45 31,
Ko . IEH /R MgiEF B = E H Lactobacillus

6000 10F 1.00 - 1.00
P=0.14 P=0.67 P=0400t§k
5000F 9 L e 2l e e
095+ . - Jz . .
& Sy = . $ 0981 | .
¥ £ 8 £ g
= g g 4
g 2 2090} . 2
S 57 g - ' 2
& & 5 0.96 | pmuly ' .
6 085 8 .
080l ———— % 04—
ST pe pe P e e
*—FE5t i (P<0.05).
(a) Chaol#5 % (b) Shannonf % (c) SimpsonfE %L (d) Good’s coverage %1
1or B7 /30091 5 ox 4L
1.0 0.8 . -NA-Igﬂéﬁ
T a 06} oAy
08T = 04+ .ATP-HgE‘
| & 02} t. ’ .
P 0.6 » . .
=04 I W O - t.
4 M 02 F . . 3 . °
L . A4
02} ™04 | .
-0.6 | ¢ s
0 L L L ! ,08 1 1 1 ® 1 1 1 1 ]
o B » » 20 -15 -0 05 0 05 10 15 20
N N e P R SR ]
(e) BERS MY (f) AR B i 2 4 R 53
M B
Megamonas B 5 1.00 Pediococcus B it A 1.41
Oscillospira Anaerostipes
Macellibacteroides Megamonas T
Alistipes 0 Mucispirillum 0
AF12 Shigella
Clostridium cc_I15
Odoribacter -1.00 Oscillospira 141
Parabacteroides Ruminococcus
Desulfovibrio [Ruminococcus]
Prevotella Parabacteroides
Bacteroides Bilophila
Lactobacillus Bacteroides
Pediococcus B Dehalobacterium
Anaerostipes Macellibacteroides
Mucispirillum Desulfovibrio
Selenomonas Helicobacter
Bifidobacterium il Clostridium
Helicobacter Adlercreutzia
Ruminococcus Odoribacter =
Aerococcus Alistipes
cc_I15 Prevotella |
Shigella Lactobacillus
Streptococcus AF12
Faecalibacterium [Sf Coprococcus
Coprococcus 2 Streptococcus
Roseburia | Faecalibacterium T
Anaeroplasma Aerococcus N |
Adlercreutzia [N Bifidobacterium [l
Akkermansia |l Roseburia il |
Bilophila . Acinetobacter [ ] 1
0.052 0.104 & Lo 0.046 0.092
FEF §F 1Y
A Pl

(2) I A2 I 7R F) (h) AT 2 B 7K~ F)
Be6 DRMEBHG oAU P S

Fig. 6 o diversity indexes and f diversity indexes of intestinal flora in mice

109



110

Journal of Food Science and Biotechnology

Macellibacteroides Odoribacter 1 Alistipes 2 1% .
W 6(g)~(h) fran , 5% B AH L, NA-H 41 18 B
RERT A RO A T 3 AR (P<0.05) . fESLH RS
J& F , NA-H W B Lactobacillus Bacteroides
Odoribacter f1 Alistipes % i () FH X = FE 351K
TR . A, 5 NA-HAME, Apy A K
Lactobacillus X FE R EF & 5 Apua A HH L,
Avanl Lactobacillus #8 5 = & i 22 P& 1K .

3 i

i 1 45 BALB/c /) B B h JE S A
CNPs, il ¢ T CNPs [¥] & 4 2 £ . £ U5 £ CNPs
3 25 A S B A B Y 3G KGR BT, I 5 R T I A
B JUE R Th BE R AL O A R E A T . CNPs B
n] DL B i Lactobacillus Bacteroides Odoribacter
i Alistipes W ABXT F B . BbAb, 50 R4 AH B,
JE BT LE AR 3% A N N NaNoO, 2 0 il /N B0 25 1
RCRE T AE AR R PR S TP W] A AR R TG s
A T NaNO, [ 2E % A K CNPs [R5 3 o | it
"L, AN E 2 N N NaNoO, [ 25 A A i T
W, X AR E TP AE & an Tk A iy 5 $2 1 7 %
77 19

S 3k

(1] 3], 4 RAET , XL, Al v B 40 KONE 7 1R F 7 a3t e [ ]

B S A AR R ,2021,40(11):22-29.
YUAN L, LI Q S, DENG H. Research progress of
foodborne carbon nanoparticles [J] . Journal of Food
Science and Biotechnology, 2021, 40 (11) : 22-29. (in
Chinese)

[2] SUN Y P,ZHOU B, LIN Y, et al. Quantum-sized carbon
dots for bright and colorful photoluminescence [J] .
Journal of the American Chemical Society,2006,128(24) :
7756-7757.

[3] PENG H B,ZHANG D,LI H,et al. Organic contaminants
and carbon nanoparticles: sorption mechanisms and impact
parameters[ J]. Journal of Zhejiang University : Science A,
2014,15(8):606-617.

(4] FE8, BB, RHE, &, ETHMAHKREESSHORMF
W ERm A HINEN@ELLI]. M 5EMERY
#2,2020,39(7):28-35.

WEI D L, ZENG K, KANG Q X, et al. High sensitivity

analysis of kanamycin based on signal amplification of carbon

BEE299HF 2025 F 2 A | ERE5EYMEARFER

nanotubes[ J]. Journal of Food Science and Biotechnology ,
2020,39(7):28-35.(in Chinese)

[5]SK M P, JAISWAL A, PAUL A, et al. Presence of
amorphous carbon nanoparticles in food caramels [J] .
Scientific Reports,2012,2:383.

[6] ZHAO X, SHAN S H, LI J Q, et al. Assessment of
potential toxicity of foodborne fluorescent nanoparticles
from roasted pork [J]. Nanotoxicology, 2019, 13 (10) :
1310-1323.

[7] SONG X Y, WANG H T,ZHANG R, et al. Bio-distribution
and interaction with dopamine of fluorescent nanodots
from roasted chicken[J]. Food & Function,2018,9(12):
6227-6235.

[8] CONG S,BIJR,SONG X Y,etal. Ultrasmall fluorescent
nanoparticles derived from roast duck: their physicochemical
characteristics and interaction with human serum albumin
[J]. Food & Function,2018,9(4):2490-2495.

[9JLI Y,BI J R, LIU S, et al. Presence and formation of
fluorescence carbon dots in a grilled hamburger[J]. Food
& Function,2017,8(7):2558-2565.

[I0]WANG H T, XIE Y S, LIU S, et al. Presence of

fluorescent carbon nanoparticles in baked lamb: their

properties and potential application for sensors [J] .

Journal

65(34):7553-7559.
[11] JIANG C K, WU H, SONG X J, et al.

of Agricultural and Food Chemistry, 2017,

Presence of

photoluminescent carbon dots in Nescafe® original instant

coffee: applications to bioimaging [J] . Talanta, 2014,
127:68-74.

[12] WANG Z Y, LIAO H, WU H, et al. Fluorescent carbon

dots from beer for breast cancer cell imaging and drug

delivery [J]. Analytical Methods, 2015, 7 (20) : 8911-
8917.

[13] CAO L, SONG X Y, SONG Y K, et al. Fluorescent
nanoparticles from mature vinegar: their properties and
interaction with dopamine[J]. Food & Function, 2017,
8(12):4744-4751.

[14] LT S, JIANG C K, WANG H T, et al. Fluorescent
nanoparticles present in Coca-Cola and Pepsi-Cola:
physiochemical properties, cytotoxicity, biodistribution
and digestion studies[J]. Nanotoxicology,2018,12(1):
49-62.

[15] L1 Q S, YUAN L, LIU Y F. Effects of adding sodium

nitrite and tea polyphenols on the characterizations and



Vol. 44 No. 2

cytotoxicity of carbon nanoparticles from fried pork[J] .
Food Chemistry,2021,365:130464.

[16] LITY,YING G G,JONES K C,et al. Real-world carbon
nanoparticle exposures induce brain and gonadal alterations
in zebrafish (Danio rerio) as determined by biospectroscopy
techniques[J]. Analyst,2015,140(8):2687-2695.

[17] INOUE K I, YANAGISAWA R, KOIKE E,et al. Effects
of carbon black nanoparticles on elastase-induced
emphysematous lung injury in mice[J]. Basic & Clinical
Pharmacology & Toxicology,2011,108(4):234-240.

[ 18] PERIASAMY V S, ATHINARAYANAN J, ALFAWAZ M A,
et al. Carbon nanoparticle induced cytotoxicity in human
mesenchymal stem cells through upregulation of TNF3,
NFKBIA and BCL2LI genes[J]. Chemosphere, 2016,
144:275-284.

[19] AL-HADI A M,PERIASAMY V S, ATHINARAYANAN 7T,
et al. The presence of carbon nanostructures in bakery
products induces metabolic stress in human mesenchymal
stem cells through CYPI4 and p53 gene expression[J] .
Environmental Toxicology and Pharmacology, 2016, 41:
103-112.

[20] LI D M,NA X K, WANG H T,et al. Fluorescent carbon
dots derived from Maillard reaction products: their
properties, biodistribution, cytotoxicity, and antioxidant
activity[ J]. Journal of Agricultural and Food Chemistry,
2018,66(6):1569-1575.

[21] LIAO H, JIANG C K, LIU W Q, et al. Fluorescent

nanoparticles from several commercial beverages: their

properties and potential application for bioimaging [J] .

IKERTR S 7N 00 JL A ER S0 2% % B A0 Seh K S P SR R A SR AL X N R IR BRI

Journal of Agricultural and Food Chemistry, 2015,
63(38):8527-8533.

[22] HiZ. WME &G et tiEn @R AR &
i 5 EV AR 1), 2023,42(6) :7-12.

LU Q. Progress in legalization of fried food safety
standards[ J]. Journal of Food Science and Biotechnology ,
2023,42(6):7-12.(in Chinese)

(23] EvA U, BIA0, B bk, & v 6 BE I AR 1 0f v ks 240
Ty e TR I pE Fe Rt R LT]. A B4R ,2017,69(6)
852-860.

WANG Z Z, XIANG H, XIA S L, et al. Research
progress in the modulating effect of high-density lipoprotein

on neutrophil function [J] .

2017,69(6) :852-860.
[24] DI

Acta Physiologica Sinica,

L, MAISEYEU A. Low-density lipoprotein
nanomedicines: mechanisms of targeting, biology, and
theranostic potential[J]. Drug Delivery, 2021, 28 (1) :
408-421.

[25] CHAO A, YANG M C K. Stopping rules and estimation
for recapture debugging with unequal failure rates [J] .
Biometrika, 1993,80(1):193-201.

[26] ¥F W , 5K i, ¥F " i , % . Simpson & % 1 Shannon-
Wiener #i #0445 A [ 70 Hr K R B RO 7[00, 5k FY
%,2011,28(4):527-531.

XU Q,ZHANG F,XU Z Q,et al. Some characteristics of
Simpson index and the Shannon-Wiener index and their
dilution effect[J]. Pratacultural Science, 2011, 28 (4) :
527-531.(in Chinese)

COUAE G - FI AR 2D

111



