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Investigation on the Material and Migration Tests of Gas Impermeable
Plastic Vacuum Packaging Materials for Food-Contact Use

Jung Pyo Lee, Youn Kyu Lee*, and Keun Taik Lee*

*Department of Food Science, Kangnung National University, Gangneung 210-702, Korea

Abstract Twenty eight gas impermeable plastic films for food-contact application were collected in the domestic mar-
ket and material and/or migration tests for overall migration, antioxidants, potassium permanganate consumption, heavy
metal, and plasticizers were carried out. The average overall migration values for NY/PE or NY/LLDPE, PETP/PE, and
PVDC packaging films obtained by using n-heptane as fatty food simulant were 7.6, 6.9 and 14.1 mg/L, respectively.
These values were much lower than the limit values of 150 and 30 mg/L for polyethylene and polyvinylidene chloride
prescribed in the Korea Food Code. In almost of the packaging materials tested, the antioxidants such as Irganox 1010,
Irganox 1076 and Irgafos 168 were found. The migration test result showed that almost of all samples except PVDC film
contained Irganox 1076 and Irgafos 168, while the maximum migration value of Irganox 1076 into n-heptane was found
in the Ny/PE/LLDPE(15/25/50 um) sample at the concentration of 216.9 ng/g. From the plastic packaging samples
tested, plasticizers such as DEP, DPRP, DBP, DPP, BBP, DCHP, DEHP, DEHA and observed above the detection limit.
Consumption amount of potassium permanganate was much lower than the limit value of 10 mg/L. In the material test
for heavy metals, cadmium and lead were determined at the concentrations far below the limit value of 100 mg/kg. The
migration test for cadmium and lead showed a lower value than the detection limit. Therefore, it can be concluded that
the safety status of the plastic films tested met the requirement of limit values as prescribed for the material and migration
tests of food packaging utensils, containers and packages of the Korea Food Code.
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Table 1. Analysis conditions of High Pressure Liquid Chromatography(HPLC) for the determination of antioxidants
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Instrument

Shimadzu LC 10A system

Column

Macherey & Nagel [Nucleosil C18(5 mm)]; 250 X 4 mm

Column oven temperature

40°C

Mobile phase (A) methanol (B) water

Gradient 85%(A) - 5min - 100%(A) - 15 min - 100%(A) - 10 min
Flow rate 1.2mL

Detector uv

Wavelength 276 nm

Injection volume SmL

Table 2. Analysis conditions of Gas Chromatography(GC) for the determination of plasticizers

Instrument

Shimadzu GC 14B/FID

Column Alltech AT-5(30 m x 0.25 mm i.d., 0.25 mm thickness)

Oven temperature

200°C(1 min) - 10°C/min - 250°C(5 min) - 10°C/min - 300°C(10 min)

Flow rate

He, 1.07 mL/min(constant flow)

Injector temperature 280°C

Injection mode

Split, split ratio 80 : 1

Detector temperature 300°C
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Table 3. Overall migration values(OMVs) from various gas impermeable plastic packaging materials into n-heptane

Sample Thickness | OMVs Sample Thickness | OMVs Sample Thickness | OMVs
(nm) (mg/L) (nm) (mg/L) (mm) | (mglL)
NY/PE/LLDPE | 15/30/40 | 10.3 |NY/PE/LLDPE 25/20/50 8.2 |PETP/EVOH/PO™ 12/15/50 6.3
NY/PELLDPE | 15/25/50 | 14.2 | OPP/NY/LLDPE 60/15/105 6.4 | PETP/PE/(PE/ EVOH/PE)" | 12/15/50 | 8.6
NY/PE/LLDPE | 15/25/50 3.4 |NY/PE/LLDPE 15/20/50 8.9 | PETP/PE/PE/ EVOH/PE)’ | 50/40/60 | 2.9
NY/PE/LLDPE | 20/30/40 3.0 |NY/PE/LLDPE 15/40/45 9.2 | PETP/PEAPE/ EVOH/PE)" | 150/25/60 | 7.8
NY/PELLLDPE | 15/25/50 | 12.6 |NY/LLDPE 50/75 8.4 |PETP/PE 250/150 8.9
NY/LLDPE 15/85 44 g}: /NY/EVOH/ 60/102 7.7 |PVDC-1 40 15.9
NY/LLDPE 15/85 5.8 |NY/LLDPE 15/20 128 |PVDC-2 40 16.1
NY/PELLDPE | 15/25/50 3.8 |NY/EVOH/PE 15/5/65 6.8 |PVDC-3 41 10.3
NY/NY/LLDPE | 30/40/75 0.9 |NY/PE 15/70 3.8
NY/LLDPE 15/70 6.4 |NY/PE 15/85 14.1

*Coextruded layer, **PO;

polyolefin
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Table 4. Overall migration values from nylon/polyethylene laminated films when tested at high temperature conditions as recommended

in the regulations of the USA, EU, and Korea, and considering a worst-case scenario

Overall migration value(mg/dm?)
Sample Thickness (pm) n-Heptane 95% Ethanol 95% Ethanol
25°C/1 hr 100°C/2 hr 100°C/30 min — 40°C/10 days
NY/PE/LLDPE 15/25/50 5.7 1.0 1.5
NY/PE/LLDPE 15/25/50 5.0 1.3 1.9
NY/LLDPE 15/85 5.1 2.0 43
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A ZollM Z2E 80.0~173.5, 86.4~330.12 197.4-299.1 mg/g
o] W9E HAEHU} 183l PETPAl &4 Irganox
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Table 5. Overall migration values from PVDC films into n-heptane, 95% ethanol, 4% acetic acid, and soybean oil as recommended in
the regulations of the USA, EU, and Korea, and considering a sterilizing condition under the worst-case scenario

Overall migration values(mg/dm?)
Sample Thickness (pum) n-Heptane 95% Ethanol 4% Acetic acid Soybean oil
25°C/1 hr 121°C/2 hr 121°C/2 hr 121°C/30 min
PVDC-1 40 6.4 82 6.6 7.7
PVDC-2 40 6.4 9.2 6.3 15.6
Average 6.4 8.7 6.5 11.7
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Table 6. Antioxidant contents determined in the various gas impermeable plastic packaging materials

EKI

L 0I5 -

Of-e

Sample Sample Antioxidants contents(mg/g)
number BHT Irganox 1010 Irganox 1330 Irganox 1076 Irgafos 168
NY/LLDPE (PE) 20 n.d. 80.0-173.5 (3) n.d. 86.4-330.1 (20) | 197.4-299.1 (5)
PETP/PE n.d. n.d. n.d. 92.2-277.0 (5) n.d.
PVDC n.d. n.d. n.d. n.d. n.d.

( ): detected sample number, n.d.: not detected

BolA ARAL AslAIel BHTZF SRR ¢kgol H|Fo]
B o Azt s R FiH o= o ko] v
Elus 28R dHAskAIQ] Irganox 1010, Irganox 1076,
T Irgafos 168 502 A ARSEIIE ZloR wcher)
ol et IEA} sl E FL3 2)Fe] A oM A
EAF grksiAlel] wlste] AYEHA FellA wihA e 73
© 2 et (Gandek et al, 1989; Goydan et al., 1990).

3. UK EY °1¥T 5T

A FEGFA ERAA RSN A AE A ES
EQl n-heptaneS: o|-&-ste] itsiA|e] Eold S 4
St 3= Table 70 VRS vlel Zth PVDCe] XAAE
A|£]s NYZ PETPAl Al89] tjF-Eo|A] Irganox 10763}
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PETPAl ZEoX Z+7zb 26.0-216.99F 24.3~147.0 mg/g2]
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Table 7. Specific migration values of antioxidants from various gas impermeable plastic packaging materials into n-heptane

Sample Sample Specific migration values of antioxidants(mg/g)
number BHT Irganox 1010 Irganox 1330 Irganox 1076 Irgafos 168
NY/LLDPE (PE) 20 n.d. n.d. n.d. 26.0-216.9 (20) | 71.5-128.6 (3)
PETP/PE 5 n.d. n.d. n.d. 24.3-147.0 (5) n.d.
PVDC 3 n.d. n.d. n.d. nd. n.d.

( ): detected sample number, n.d.: not detected
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Table 8. Potassium permanganate(PPM) contents in various plastic packaging materials

Sample Thickness| PPM Sample Thickness| PPM Sample Thickness| PPM
(um) | (mgL) (um) | (mgL) (um) | (mgL)
NY/PE/LLDPE | 15/30/40 0.26 |NY/PE/LLDPE 25/20/50 2.52 | PETP/EVOH/PO** 12/15/50 0.13
NY/PE/LLDPE 15/25/50 0.23 | OPP/NY/LLDPE 60/15/105| 0.32 | PETP/PE/(PE/ EVOH/PE)* | 12/15/50 0.20
NY/PE/LLDPE 15/25/50 0.23 |NY/PE/LLDPE 15/20/50 2.35 |PETP/PE/PE/ EVOH/PE)* | 50/40/60 0.26
NY/PE/LLDPE | 20/30/40 0.20 |NY/PE/LLDPE 15/40/45 0.65 |PETP/PE/(PE/ EVOH/PE)* | 150/25/60| 0.16
NY/PE/LLDPE | 15/25/50 026 |NY/LLDPE 50/75 0.51 |PETP/PE 250/150 0.59
NY/LLDPE 15/85 026 |CPPANY/EVOH/PE)* | 60/102 0.40 |PVDC-1 40 0.33
NY/LLDPE 15/85 0.23 |NY/LLDPE 15/20 022 |PVDC-=2 40 0.26
NY/PE/LLDPE | 15/25/50 0.26 |NY/EVOH/PE 15/5/65 0.28 |PVDC-3 41 0.59
NY/NY/LLDPE | 30/40/75 0.16 |NY/PE 15/70 0.01
NY/LLDPE 15/70 020 |NY/PE 15/85 2.15

*Coextruded layer, **PO; polyolefin

Table 9. Heavy metal contents in various gas impermeable plastic packaging materials

Thickness Heavy metal(mg/kg) Thickness Heavy metal(mg/kg)
Sample Sample

(B) Cd Pb (G)) Cd Pb
NY/PE/LLDPE 15/30/40 0.003 0.211 NY/LLDPE 50/75 n.d. 0.084
NY/PE/LLDPE 15/25/50 0.006 n.d. CPP/(NY/EVOH/PE)* 60/102 0.001 0.075
NY/PE/LLDPE 15/25/50 0.004 n.d. NY/LLDPE 15/20 0.001 0.045
NY/PE/LLDPE 20/30/40 0.006 n.d. NY/EVOH/PE 15/5/65 n.d. 0.053
NY/PE/LLDPE 15/25/50 0.006 n.d. NY/PE 15/70 n.d. 0.049
NY/LLDPE 15/85 0.005 n.d. NY/PE 15/85 n.d. 0.022
NY/LLDPE 15/85 0.002 12.58 PEPT/EVOH/PO** 12/15/50 0.004 821
NY/PE/LLDPE 15/25/50 0.009 0.85 PETP/PE/(PE/EVOH/PE)* 12/15/50 0.003 n.d.
NY/NY/LLDPE 30/40/75 0.012 5.43 PETP/PE/(PE/EVOH/PE)*|  50/40/60 0.003 0.406
NY/LLDPE 15/70 0.002 6.36 PETP/PE/(PE/EVOH/PE)* | 150/25/60 0.009 5.393
NY/PE/LLDPE 25/20/50 n.d. 0.040 PETP/PE 250/150 0.001 0.072
OPP/NY/LLDPE | 60/15/105 0.002 0.050 PVDC-1 40 0.003 30.23
NY/PE/LLDPE 15/20/50 0.003 0.053 PVDC-2 40 0.003 28.83
NY/PE/LLDPE 15/40/45 n.d. n.d. PVDC-3 41 0.002 18.32

*Coextruded layer, **PO; polyolefin, n.d.: not detected

PES} PVDC Ade] 5 287H4] 458 371ad
2 YEES A5 SRAFEEOIF), s, 2
R, a5, 28 AL ZEaAd] ok AEAE
HEe §EHAE FoaM ol RSl HU 7IEt
Aol AR oo} BN S Tetsisith. A
FEAFETNZA] n-heptanes ©]-&-3te] AT Foly o
HdZE NY/PE 5 NY/LLDPE, PETP/PES} PVDCOl
A Z47b 7.6, 69, 223 14.1 mg/Lo|AT}. o]#FF Fo|8)
Fa> =W 2FFl BAIE PE PVDC Aol thak
71211 1507 30 mg/Lol HlaLate] wi-¢- W o9
th Z2AME AL g XA AIZECNA Irganox
1010, Irganox 10763} Trgafos 1687+ dAksiA|Eo] A&
Atk 5ol A3 A3 PVDCE A|Qlg BE AR
Sl Irganox 10763} Irgafos 168°] o3 ZHo g gl

HA+=dl Ny/PE/LLDPE(15/25/50 um) A1 &% Irganox 10760]
2169 pg/g ©18E Aol 7H =& ghold Zo= Bly]
ATt ZAE AR BN TIAAIES BF AETHA o)L
2 2Rlo] E7Fsslaen, I HIEEARERS Hu 7]
290 10 mg/LETE A e Eo|9o] ERIESTh
A BE AEY JleEs 3] e S 7R
100 mg/kgh th mj-¢- S o]l o] A& o]
skl ke Bk =9 B wapellxle = AES &
71EZA el gk PR Ak A £EAFe] VE
25 A9t W) BE A AN E A AEE
2 AP & uigk A3 71E Fel Afst Ao=
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