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ABSTRACT: The work aims to study the size, concentration, and morphological structure of microparticles released from
sugarcane pulp (SCP) lunchbox under different conditions including high temperature and humidity, shaking, freezing and
microwave, so as to provide some references for the production and normative use of SCP lunchbox. According to the
overall migration value of microparticles released by 15 kinds of commercial SCP lunchboxes in water, cluster analysis

was carried out, and the size of microparticles released by different groups of lunchboxes was measured by laser diffrac-
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tion particle size distribution analyzer after different working conditions during the simulated process of contact with
food. The concentration and morphological structure of the released microparticles were determined by scanning electron mi-
croscope (SEM). The overall migration value of microparticles of most SCP lunchboxes in water (70 °C for 2 h) exceeded 10
mg/dm?, and the average size was mainly distributed between (12.19 % 0.45) ~ (123.90 + 28.80) um. The size of the re-
leased microparticles after different working conditions was mainly in the range of 0 ~ 500 um and most of microparticles
were fibrous and spherical, and might be produced by shedding from the surface of the lunchboxes. The shaking condi-
tions simulating the take-out delivery process promoted the shedding of microparticles, and showed a significant promot-
ing effect after 270 days of high temperature and high humidity treatments (P <0.05). The average size and the concentra-
tion of SCP lunchbox microparticles shedding in water show specific differences, and the shaking condition simulating the
take-out delivery can promote the microparticles to shed from the lunchbox surface and enter the human body with dietary
intake. The microparticles have certain adsorption effects on organic pollutants and metal ions, thus showing specific

toxicity. Therefore, on the one hand, the toxicity of microparticles should be further studied. On the other hand, the pro-
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duction and normative use of SCP lunchboxes should be improved and standardized.

KEY WORDS: sugarcane pulp lunchbox; microparticle; working conditions; migration test
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Tab.1 Detail information of SCP lunchboxes

F5 RS 24 A /mL R JE B /mm
1 S-1 700 JOM0.730.02
2 S-2 700 Bl 0.72+0.03
3 S-3 500 17 0.69+0.00
4 S—4 450 il 0.60+0.03
5 S-5 550 Wi 0.74+0.02
6 S—6 450 Wi 0.63+0.05
7 S-7 500 i 0.63+0.02
8 S-8 500 LR 0.66+0.02
9 S-9 600 i 0.65+0.02
10 S-10 450 ¥ 0.50+0.01
11 S-11 650 i 0.61+0.03
12 S-12 500 LH  0.62+0.03
13 S-13 600 R 0.56+0.08
14 S-14 500 KE: 0.71£0.02
15 S-15 500 WL 0.75+0.07
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Tab.2 Setting and combination of series working conditions
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Fig.1 Overall migration analysis results
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Fig.2 Average particle size and sample classification
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Fig.3 Size stacking of microparticles generated under various working conditions
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Fig.4 Concentration of microparticles
produced under various working conditions
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Fig.5 Morphology of microparticles produced under various working conditions
E: 124 70 °C+60 min, 114 70 °C+W60, 111 4 70M+W60; E a. b FF G B FE AL /N,

AT, HRXHTS LR SCP B BHU™
A B OB TG, BF9E SCP B & AE & DI AIR T
%Fﬁiﬁﬁ%ﬁmﬁ%\ﬁimﬁﬂ%%M%%o
R REN, 1 L IR B Sk R S
#IiE T GB 4806.8—2016 £ & 42 firh F 4 48 M 1 H1
FE o XS R W) IR 3T N A YR B
L, FOBORL R AR EEAEAE 0~500 pum, DEARL
FRT 500 um ZF AR FNERIR S RUBUR A £ ZIE S,
I HA I 358 ATt A5 28 2R () OOk 28 S e — i . 1
T v T A S e R e N AT A K R R R R
PEREIE— 20 R S AE R AR 70 °C. B[]
60 min ARIALL S5 AE T 77 AR B SIUBURE 500 FIORE A o TR
XX 2 AR R R B — a2 22 5, (B Rt
T TR LS A R B T X SCP & & i
WORLE RIS . B MUE A WEE R, A4 T
2 R Z U0k AR £ 3% 1 IRV B S B AR

AN, CHEEL D &R e R B S & &
Hap, XXk sar#ﬁ%%éAF$Mﬁ%ﬁMﬂ

RS EIF ARG IR, —J7 i, & G RUBR S A 1Y

4 @ B PR A LA A 2 R G S A eV s B — T
T, 3K S ARmRE K WG B 8 T 228 3 5 RS ) 5 5 de bk
T AR

S E 3k

[1] MUSTAFA G, ARSHAD M, BANO I, et al. Biotechno-
logical Applications of Sugarcane Bagasse and Sugar
Beet Molasses[J]. Biomass Convers Bior, 2023, 13(2):
1489-1501.

[2] SZCZERBOWSKI D, PITARELO A P, ZANDONA
FILHO A, et al. Sugarcane Biomass for Biorefineries:
Comparative Composition of Carbohydrate and Non-
Carbohydrate Components of Bagasse and Straw[J].
Carbohydrate Polymers, 2014, 114: 95-101.

[3] JIANG H, WANG G, CHEN F M, et al. Degradation
Characteristics of Environment-Friendly Bamboo Fiber
Lunch Box Buried in the Soil[J]. Forests, 2022, 13(7):
1008.

[4] W%, Rfafe, SHKIE. YT AR PR A
Hg e fa FUrot b R (3] A% TR, 2022, 43(7):
63-74.



+ 138 -

(-

2023 3 H

(7]

[14]

[15]

[16]

[17]

HU Yi, YU Wen-wen, HU Chang-ying. Research
Progress of Plant-Based Degradable and Disposable
Tableware and Its Potential Hazards[J]. Packaging En-
gineering, 2022, 43(7): 63-74.

LIU C, LUAN P C, LI Q, et al. Biodegradable, Hygie-
nic, and Compostable Tableware from Hybrid Sugarcane
and Bamboo Fibers as Plastic Alternative[J]. Matter-Us,
2020, 3(6): 2066-2079.

SU Yu, HU Xi, TANG Hong-jie, et al. Steam Disinfec-
Micro(Nano)Plastics Sili-
cone-Rubber Baby Teats as Examined by Optical Pho-

tion Releases from
tothermal Infrared Microspectroscopy[J]. Nature Nano-
technology, 2022, 17(1): 76-85.

FADARE O O, WAN Bin, GUO Liang-hong, et al. Micro-
plastics from Consumer Plastic Food Containers: Are We
Consuming It?[J]. Chemosphere, 2020, 253: 126787.
RANJAN V P, JOSEPH A, GOEL S. Microplastics and
other Harmful Substances Released from Disposable
Paper Cups into Hot Water[J]. Journal of Hazardous
Materials, 2021, 404: 124118.

DU Fang-ni, CAI Hui-wen, ZHANG Qun, et al. Micro-
plastics in Take-Out Food Containers[J]. Journal of Ha-
zardous Materials, 2020, 399: 122969.

NELMS S E, GALLOWAY T S, GODLEY B J, et al.
Investigating Microplastic Trophic Transfer in Marine
Top Predators[J]. Environmental Pollution (Barking,
Essex: 1987), 2018, 238: 999-1007.

CARBERY M, O'CONNOR W, PALANISAMI T. Trophic
Transfer of Microplastics and Mixed Contaminants in the
Marine Food Web and Implications for Human Health[J].
Environment International, 2018, 115: 400-409.

JENNER L C, ROTCHELL J M, BENNETT R T, et al.
Detection of Microplastics in Human Lung Tissue Using
LFTIR Spectroscopy[J]. The Science of the Total Envi-
ronment, 2022, 831: 154907.

KUHLMAN R L. Letter to the Editor, Discovery and
Quantification of Plastic Particle Pollution in Human
Blood[J]. Environ Int, 2022, 167: 107400.

RAGUSA A, SVELATO A, SANTACROCE C, et al.
Plasticenta: First Evidence of Microplastics in Human
Placenta[J]. 2021, 146:
106274.

PRATA J C, DA COSTA J P, LOPES 1, et al. Environ-
mental Exposure to Microplastics: An Overview on
Possible Human Health Effects[J]. The Science of the
Total Environment, 2020, 702: 134455.

CELINO A, FREOUR S, JACQUEMIN F, et al. The
Hygroscopic Behavior of Plant Fibers: A Review[J].
Frontiers in Chemistry, 2014, 1: 43.

JIANG Huan, WANG Ge, CHEN Fu-ming, et al. Effect

Environment International,

[18]

[19]

[20]

[21]

[22]

[23]

[24]

of Accelerated Aging on Bamboo Fiber Lunch Box and
Correlation with Soil Burial Degradation[J]. Polymers,
2022, 14(19): 4220.

GB 31604.1 —2015, &4 E5hRE a8 filds
A i it 1 A% 1 56 18 U [S].

GB 316041—2015, National Food Safety Standard
General Rules for Migration Test of Food Contact Ma-
terials and Products[S].

W, KRR, WIRKE. TN AR 0w A AL
PR A T[], G028 TR, 2021, 42(17): 39-46.
HUANG Xin-qian, YU Wen-wen, HU Chang-ying.
Analysis of Mold Deterioration and Composting Bacte-
ria Bury Degradation of Starch-Based Meal Boxes[J].
Packaging Engineering, 2021, 42(17): 39-46.

WANG H Q, WANG J L, SI S R, et al. Resi-
dual-Lignin-Endowed Molded Pulp Lunchbox with a
Sustained Wet Support Strength[J]. Industrial Crops and
Products, 2021, 170: 113756.

GB 4806.8—2016, %2 FEEbRME £ i H il 14
AR AR B il 5 [S].

GB 48068—2016, National Food Safety Standard Food
Contact Paper and Board Materials and Products[S].

HU Yi, ZHOU Xiang-long, HU Chang-ying, et al.
HS-GC-IMS Identification of Volatile Aromatic Com-
pounds of Freshly-Cooked Rice Packaged with Different
Disposable Lunchboxes[J]. Journal of Hazardous Mate-
rials, 2022, 438: 129516.

KHRISTOVA P, KORDSACHIA O, PATT R, et al. En-
vironmentally Friendly Pulping and Bleaching of Ba-
gasse[J]. Industrial Crops and Products, 2006, 23(2):
131-139.

JIA W C, ZHOU M F, YANG C F, et al. Evaluating
Process of Auto-Hydrolysis Prior to Kraft Pulping on
Production of Chemical Pulp for End Used Paper-Grade
Products[J]. Journal of Bioresources and Bioproducts,
2022, 7(3): 180-189.

PRABHU R, GANESH S, MAHESHA G, et al. Physi-
cochemical Characteristics of Chemically Treated Ba-
gasse Fibers[J]. 2022, 9(1):
2014025.

NURAZZI N M, ASYRAF M R M, RAYUNG M, et al.

Thermogravimetric Analysis Properties of Cellulosic

Cogent Engineering,

Natural Fiber Polymer Composites: A Review on Influ-
ence of Chemical Treatments[J]. 2021,
13(16): 2710.

WANG Lu-yu, WANG Meng, ZHOU Yi-han, et al. In-

fluence of Ultrasound and Microwave Treatments on the

Polymers,

Structural and Thermal Properties of Normal Maize
Starch and Potato Starch: A Comparative Study[J]. Food
Chemistry, 2022, 377: 131990.

SRS R



