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Fig.1 Self-made curdlan-based film
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0.5 167681 13255 1.1328 0.9968
2 1.0 287733 13388 13005 0.998 7
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Table 4 Parameters relationship and correlation
coefficient of DMP . DBP and DEHP migration in n-hexane

H e *X F K KR
7, z=exp (0.129 47-70.034 6 ) 0.993 1
4°C  C,=1545.96w+2.16 09735
DMP
C, 25C  C,=2 106.58w+3.46 0.9749
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7 t=exp ( 0.168 67-100.616 2 ) 0.998 6
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% 4 ¥ %1, DMP. DBP 5 DEHP i) Weibull
BRI Int, 5 TSGR, —HIREEAN,
2 WA [] F 155 9 500 %o 3 B2 g g iz AN [] . e vf DEHP
R, RUITH AR R RS OC T, DEHP i
B HORAE B A, IR B A R R . X ST SOy
4516—3, DEHP BEIREE T, T Al 2.

-26 —



DE BEK, =
AP = B RS IE YB K 7E AT 15 0K B S BE rh 0T BB AR 5%

322 BMURE

H . 435 DMP, DBP #il DEHP 7 1F C ke H 1)
IEREEAL, N TR UFRAI Y TNEE T, K r SR b
TR & i, BEH & S BILY) IE O BEXT
FmEER B O BT B ) Sk Ik
Weibull A HY A R

AHFFE DL & 43 508 0.1% ) DMP., DBP 7£ 4
CF, LA} 0.5% ¥ DEHP 7£ 25 °CF (RS 1E L k],
Xif [} —Hf %) DMP, DBP 1 DEHP A&7 ) 50 f 5 B
SEE SR EAE AT 0T, X EREE AN A 8 iR .

0.22
0.20
0.18

= 0.16

2014

£

]Eq .

2 008

H0.06f o
0.04}

0.02t e

TR E)/d
a) DMP

0.22
0.20

0.18
T 0.6 4 e
20.14 .

gon
5 0.10
D 0.08 o

Hoosl e

0.04} o
0.02}e

o 1 2 3 4 5 6 7 8§ 9
JER )

b) DBP

EFE/(mg - kg™
L ]

o 1 2 3 4 5 6 7 8 09
ERLIa)/d
¢ ) DEHP
8 DMP. DBP #1 DEHP #EIE 2 ¥ iE ¥ & B 38 iE
Fig. 8 Model verification of DMP, DBP and DEHP
migration in n-hexane

A& 8 AL, HIS A Weibull #5580 F T 4%
R ZEER M YTL BN AL RS i S PRl e (., B T (e
SR E B AR NG, THAETRE] (3d 2
J&) , WETBMEILEYIE . MULUE, AR5
ST AT AR Z ki s DMP ., DBP Il DEHP 7 1F & 4%
HHER Y Weibull BT DL WO RS 4 (a8, A
BEHERR I T RE ST

4 Zig

A FE N % T W ISR # DMP, DBP il DEHP
R BRI 1SR 2R, WFSE A 4 Fh iz S S
[ A R A, M nT 159K Z Wi DMP
DBP #il DEHP #£ 1E C\ %t 7 () Weibull iE BB, If:
FH LS S AR fE TR RL GG, AR B LA
it

1) 1€ 4 P ah BTl vh 3 98 50 i 12 A% 5t R 3
MR s TECEE. 50% 2B, 4% ZFR . Z81EK .

2)3 R IR ZERT 3 d N AT e S B B A
FESS 3 d BP IR BER T, T ER IR, HR
FRfaE

3) WA EER TR, B850 R A B

4) EIFNUSINE SR, TR, U
HREFE BN 1% 2 3% B, B EINE %,

5) AWF5T AT E AL A DMP, DBP Fll DEHP 7 1E
CLot H TR R AR R T (5 0 e (L 5 B v, T LA
LA TR N 1 S 0 A S P e R A RS

S 3k

[1] WU C H, PENG S H, WEN C R, et al. Structural
Characterization and Properties of Konjac Glucomannan/
Curdlan Blend Films[J]. Carbohydrate Polymers, 2012,
89(2): 497-503.

[2] MOHSIN A, ZAMAN W Q, GUO M J, et al.
Xanthan-Curdlan Nexus for Synthesizing Edible Food
Packaging Films[J]. International Journal of Biological
Macromolecules, 2020, 162: 43-49.

[3] SUNY, LIUY, LIY Z, et al. Preparation and
Characterization of Novel Curdlan/Chitosan Blending
Membranes for Antibacterial Applications[J].
Carbohydrate Polymers, 2011, 84(3): 952-959.

[4] ARBEHE, XISCHR, MBIRLL, S . LSBT
6 TG SR TE 4 RO [RIBLIY) H AOIERS 470 (0] 2K

-27 -



—

DE €1 %= = f PACKAGING JOURNAL
2021 £ £ 13 & F 2 B Vol. 13 No. 2 Mar. 2021

BHE, 2019, 47(5): 85-88.

DU Yingying, LIU Wendong, HAO Xiaohong, et al.
Study on Migration Behaviors of 6 Kinds of Plasticizers
in Plastic Materials for Children’s Products in 4 Different
Simulates[J]. Plastics Science and Technology, 2019,
47(5): 85-88.

VEOE, M, R B, S OMETE - Bk
FE L S AR T WA 4- FHEE TR IR [J]. 2k
Tk, 2019, 47(7): 93-96.

XU Chao, QU Minghui, XU Ke, et al. Determination
of Benzophenone and 4-Methylbenzophenone in Plastics
for Food by Gas Chromatography-Mass Spectrometry[J].
China Plastics Industry, 2019, 47(7): 93-96.

WRAE, WIBRIE . 25 SR b rh AR DR T IR I 2
B ) 25 AT R W RLARR I T (0], R R LA R A
2018, 56(34): 38-42, 170.

PAN Honghua, HU Yijuan. Study on the Law of
Migration of Phathalic Acid Esters to Drugs in
Pharmaceutical Plastic Packaging Materials[J]. China
Modern Doctor, 2018, 56(34): 38-42, 170.

& %, mEoh, BUREAE, AL B R b I
DEHP 81447 5 SE BT ik i [J]. &b Tolk B,
2013, 34(21): 385-389.

XU Yi, XUE Shan, HE Zhifei, et al. Toxicity
Characteristics and Migration Studies on Plasticizer
DEHP in Food Packaging[J]. Science and Technology of
Food Industry, 2013, 34(21): 385-389.

QIU Y L, LIY. A Theoretical Method for the High-
Sensitivity Fluorescence Detection of PAEs Through
Double-Substitution Modification[J]. Environmental
Science and Pollution Research International, 2018,
25(34): 34684-34692.

BOLAT G, YAMAN Y T, ABACI S. Molecularly
Imprinted Electrochemical Impedance Sensor for
Sensitive Dibutyl Phthalate (DBP) Determination[J].
Sensors and Actuators B: Chemical, 2019, 299.
127000.

TRIFIAR . AT SR 220 / Fe WA 5 R il o S AR
fef A OREE R N [D]. B At B Al R, 2017,
XU Tonglin. The Preparation of Curdlan and Chitosan
Composite Membranes and Its Application on Chilled
Meat[D]. Nanjing: Nanjing Agricultural University,
2017.

[11] HAN B, DING L, SU R X, et al. Migration of

Photoinitiators from Paper to Fatty Food Simulants:
Experimental Studies and Model Application[J]. Food
Addit Contam Part A Chem Anal Control Expo Risk

Assess, 2016, 33(5): 876-884.

WAk, Wk, WIEE, & WL i p AR T
TR TR 14 93 70) 2 ek D 0 AR &84 — FH R R 2%
BRI RS B I A2 7). @3k, 2013, 31(7): 674-
678.

YANG Youyou, XIE Yunfeng, TIAN Feifei, et al.

Determination of Phthalate Plasticizers in Daily Foods

[12

—

and Their Migration from Food Packages[J]. Chinese
Journal of Chromatography, 2013, 31(7): 674-678.
BLERE37 N SR e P R [IB DR R 2 RS9 € it
[D]. dbst: st TR, 2015.

CHI Haitao. Study on Additive Migration Rules and
Models in Food Packaging Materials[D]. Beijing:

[13

—

Beijing Institute of Technology, 2015.

[14] XUE M G, CHAI X S, LI X D, et al. Migration of
Organic Contaminants into Dry Powdered Food in Paper
Packaging Materials and the Influencing Factors[J].
Journal of Food Engineering, 2019, 262: 75-82.

[15] #& b, & W8, fRefe, 5. PVC fR&ffErh DEHP
H DEHA [5) 5 A IE BRI ST (7], B R doR
e, 2018, 36(4): 55-60.

JIAO Xun, ZHAO Peng, XU Longhua, et al.
Migration Behavior of DEHP and DEHA from PVC Wrap
to Pork[J]. Journal of Food Science and Technology,
2018, 36(4): 55-60.

[16] ZHONG Y P, LIU S Y, HUANG C, et al. Effect of
Amylose/Amylopectin Ratio of Esterified Starch-Based
Films on Inhibition of Plasticizer Migration During
Microwave Heating[J]. Food Control, 2017, 82: 283-
290.

(171 F WL, 48 5%, MEE, 5. PF T Edh 6 #

AR P RRIR S R T A LAY (0], Hh Ry
2, 2018, 18(3): 53-58.
WEI Hang, ZOU Qiang, LIN Chunying, et al. Study
on Migration of Six Phthalate Plasticizers in Biscuit
Products Processing[J]. Journal of Chinese Institute of
Food Science and Technology, 2018, 18(3): 53-58.

[18] YANG J L, SONG W Z, WANG X J, et al. Migration
of Phthalates from Plastic Packages to Convenience
Foods and Its Cumulative Health Risk Assessments[J].
Food Additives & Contaminants Part B, Surveillance,
2019, 12(3): 151-158.

[19] SHAHZAD I, WITTCHEN S, CEPUS V. In Situ
Migration Analysis and Diffusion Coefficient
Determination of Bio-Based Plasticizer from NBR
Using FTIR-ATR and Estimation of Migrated Plasticizer
Contents by TGA Analysis[J]. Macromolecular

- 28 —



DE BEK, =
AP = B RS IE YB K 7E AT 15 0K B S BE rh 0T BB AR 5%

Symposia, 2019, 384(1): 1800158. Activities[J]. Food Microbiology, 2007, 24(4): 372-
[20] FERNANDEZ A, LOPEZ M, BERNARDO A, 379.
et al. Modelling Thermal Inactivation of Listeria

Monocytogenes in Sucrose Solutions of Various Water (FiEpiE. F24)

Migration of Phthalate Plasticizers in Curdlan-Based Packaging Film

PAN Leiqing, ZHU Jingyi, WANG Qian, HAN Lu, ZHANG Chong, PENG Jing, TU Kang

( College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: The curdlan-based packaging film was taken as the representative of bio-based packaging material,
dimethyl phthalate (DMP), di-n-butyl phthalate (DBP) and di (2-ethylhexyl phthalate) (DEHP) were selected as the
research objects. The migration of plasticizer was determined by gas chromatography-mass spectrometry (GC-MS). The
migration into n-hexane, 50% ethanol, 4% acetic acid and distilled water food simulants from curdlan-based films with
plasticizer mass fraction of 0.1%, 0.5%, 1% and 3% were studied at low temperature (4 °C ), normal temperature (25
°C ) and high temperature (40 °C ). The migration models of three kinds of plasticizers in n-hexane were established by
using Weibull distribution function. The results showed that the migration amount of the three plasticizers in the four
food simulants was in the descending order: n-hexane, 50% ethanol, 4% acetic acid, water. With the extension of time,
the migration of plasticizer increased gradually at first, the balance was reached on the third day to the maximum. With
the increase of temperature, the migration of plasticizer increased, and the larger the initial amount was, the greater the
migration. The three plasticizers were more likely to migrate in n-hexane and should avoid contacting with oily food
in practical application. The Weibull migration model of DMP, DBP and DEHP based on three parameters of C,,, 7 and
J was established with certain predictability and could be used to quickly predict the migration amount of phthalate
plasticizers.

Keywords: plasticizer; curdlan-based packaging film; migration law; Weibull migration model
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