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Investigations for Ensuring the Safety of Packaging Materials for Processed Meat Products
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Table 1. Type and uses of plastic packaging materials being used for meat products

Polymer name Specific type Uses

Low density PE (LDPE)

Polyethylene (PE) Linear low density PE Sealing layer of film, pouch, and tray
(LLDPE)
PP Tray (general uses, microwave uses)

Polypropylene (PP) Oriented PP (OPP) Printing layer of film, pouch, and tray
Cast PP (CPP) Sealing layer of retort pouch
General purpose PS (GPPS) | Tray for general uses

Polystyrene (PS)
ysty PS paper (PSP) Light—weight tray

Gas barrier layer of vacuum packaging film
Heat—resistant film or pouch

Polyamide (PA), Nylon

Gas barrier 1 f kaging fil
Polyethylene terephthalate as barrier layer of vacuum packaging film
Tray for microwave use

(PETP) Heat—resistant film or pouch

Polyvinyl chloride (PVC) Plasticized PVC Wrap film

Polyvinylidene chloride Retorted products for high—gas barrier

(PVDC) Shrink film (usually coextruded with ethylene vinyl alcohol)
Ethylene vinyl alcohol (EVOH) High gas barrier layer of vacuum packaging film and shrink film

Wrap film, stretch film

Ethyl inyl acetate (EVA
ylene vinyl acetate ( ) Heat sealing layer

Tonomer Heat sealing layer

QA AMRFZ 207 ol u X ALY 21352 5+ EEC (N-nitrosamines, N-nitrosatable), EU Regulation
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trine, threshold—of-regulation (TOR), generally rec-  ©l thet 5% 7]=7F2 2l Commission Regulation
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Fig. 1. Migration cells used for the tests (left: single—side con-
tact cell, right: double—side contact cell)

Table 2. Uses and specifications of packaging films used for the experiments
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Sample No. Use Thickness (um) Composition
1 Bottom 150 CPP
2 Bottom 120 PA/PE
3 Top 90 PA/LLDPE
4 Vacuum pack 60 PA/PE
5 Top 110 CPP/PA/LLDPE
6 Tray 970 PP
7 Bottom 130 CPP/LLDPE
8 Bottom 145 OPP/NY/LLDPE
9 Top 145 CPP/NY/LLDPE
10 Top 150 CPP/NY/LLDPE
11 Top 115 OPP/NY/LLDPE
12 Retorted sausage 40 PVDC
13 Retorted sausage 40 PVDC
14 Retorted sausage 40 PVDC
15 Retorted sausage 40 PVDC
16 Pouch 100 NY/LLDPE
17 Pouch 100 NY/PE/LLDPE
18 Tray for microwave 660 PP
19 Lid film (easy peel) 140 EVA/EVOH/PE
20 Top 420 PP/EVOH/PE
21 Top 90 PP/EVOH/PE
22 Top film for vacuum and skin pack 80 PE/EVOH
23 Top film for skin pack 90 PA/EVOH/LDPE
24 Tray for oven 40 PET
25 Shrink film 60 PA/EVOH/LDPE
26 Top film for microwave 110 CPP/NY/LLDPE
27 Tray for oven 700 PP
28 Tray for oven 710 Expanded PET
29 Tray for oven 590 PET




- o954 9u]0] 7 9 7] (mg) ~ B A1 8 olF=d FE= Sl AEE 1 dmX(100 mm
SEETmgll)= (mg) A3 8- ] 3} 2] 2 (ml) #1000 X100 mm) 7|2 Zreh Aol 55 50% o) sk= A

e A Ao E] ol A 24A17F F<F WA g 35
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232 A¥AeF o] A o] ATy 3 DCM 15 mLE 7}3F th2 40 Coll A 48417t &
oF &35k th =3 92 0.45 um PTFE A 2 2]
2321 F=x1 I 2 o] 73519 (Gas Chromatography/Mass spec-
AutA o7 FEHEu= AEY A HES= trometer (GC/MS) 412 93 FA| A|BE AL
AAL] FAe wel g2 A Aelec) ek At}
A ydE, A4 PVCH PETP 53 12 24
M ] FE5 8 AR, R R o] &% 2322 4717] 9 9
g2l 749 PO (polyolefine) 7|4 2] v Za| A FF B2 GC/MS (GC-7890A, MS-5975C,
o] =& 98l AFEH T} A 1E PS (polystyrene)  Agilent Technlogies, Palo Alto, CA, USA)E A}-&-31o]
9} t}eke] 71 aA7F 7Y A A (plasticized) PVC B E Aok AgE AHS HP-530 m X 0.32
9} o] T IS 2 ZYHEY FES Y% mm 1D, 025 m)o] o, 28 5= 60T
A7 ] AEe- ulg- of g dofrh ZEm ] A 437 A v 310 C7HA] 9 10T e
% G52 methylene chloride (DCM)Z 40CollA 18 o7 523kt A 8= 28 £ (10:1)
AFold 28w el o] A Tl ¢ o wEt 2 WE TSt ¢ AFS A E AL
T A 0% HAEQITHEC, 1994-1997). 2301 1.5 m/min®] F5 0= FA T AR
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Table 3. Overall migration values(OMV) obtained from various packaging materials used for meat products in Korea

Thickn. oMV Sample Thickn. oMV
Sample No. (um) (mg/L) Cell type NOF_J (um) (mg/L) Cell type

1 150 8.3 Single 16 100 11.5 Single
2 120 8.9 Single 17 100 1.9 Single
3 90 6.1 Single 18 660 15.5 Single
4 60 8.7 Single 19 140 19.5 Single
5 110 11.3 Single 20 420 32.0 Single
6 970 39.6 Double 21 90 18.5 Single
7 130 35 Single 22 80 15.0 Single
8 145 7.6 Single 23 90 7.5 Single
9 145 12.8 Single 24 40 15.5 Single
10 150 2.4 Single 25 60 19.5 Single
11 115 9.9 Single 26 110 32.0 Single
12 40 23.1 Double 27 700 18.5 Double
13 40 17.3 Double 28 710 15.0 Double
14 40 20.2 Double 29 590 7.5 Double
15 40 20.2 Double
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Fig. 2. A summarized GC/MS chromatogram for the detected
substances from the samples No. 1~29.

10. caprolactam, 19. phenol, 2,4—bis(1,1—dimethylethyl) —,
26. diisobutyl adipate, 37. 7,9—di—tert—butyl—1—oxaspiro[4.5]
deca—6,9—diene—2,8—dione, 41. dibutyl phthalate, 47. dibutyl
sebacate, 52. tributyl citrate acetate, 58. triphenyl phosphate,
65. erucyl amide, 66. bis(2—ethylhexyl) sebacate, 71. Irgafos
168, 72. Irganox 1076, 73. Irgafos 168 oxide.




Table 4. List of detected substances from various packaging materials used for meat products in Korea using a GC/MS

F:\?:k Retention time Substances Synonyms CAS No. Samples Use
10 16.271 Caprolactam — 105—60—2 2,4 PA monomer
Phenol, 2,4—bis 3, 8, 24, 25, 27, | Degradation product
19 19.331 - —76—4
9:33 (1,1—dimethylethyl) — 9676 28, 29 of Irgafos 168
26 21.188 Diisobutyl adipate DOA 141—-04—-38 12, 14 Plasticizer
7,9—di—tert—butyl—1— .
Degradat duct
37 23.711  |oxaspiro[4.5] deca— 6,9—diene— - - 6,28 ceradation procue
] of Irganox 1076
2,8—dione
41 24.055 Dibutyl phthalate DBP 84—74-2 13, 14 Plasticizer
11, 12, 13, 14
47 25.847 Dibutyl sebacate DBS 109—43—3 ’ { 5’ 136, ’ Plasticizer
11, 12, 1
52 26.642 Tributyl citrate acetate ATBC 77—90—7 58, { 4’ i 5’ 3 Plasticizer
58 27.941 Triphenyl phosphate TPP 115—86—6 7,11 Plasticizer
Lubricant, antistati
65 30.592 Erucyl amide Erucamide | 112—84—5 1,56 10, | “oricant anusaue
agent
66 30.732 Bis (2—ethylhexyl) sebacate Bisoflex 122—62-3 7, 11, Plasticizer
1,2,3,4,56,7,
Tris (2,4 —di—t—butylphenyl) Irgafos 8,9, 10, 11, 16, .
. 1570—04—4 Antioxidant
n 35724 phosphate g | 217070 17, 18, 20, 24, foxican
25, 26, 27, 28, 29
Octadecyl—3— (3,5—di—t— 1,2,3,4,5,6,7,
7 38 butyl—4—hydroxyphenyl)  |Irganox 1076| 2082—79—3 | 8,9, 10, 11, 16, |  Antioxidant
propionate 17, 18, 24, 26
1,2,3,4,56,7,
Tris (2,4—di—t—butylphenyl) | Irgafos 168 8,9, 10, 11, 16, | Oxidized product of
. 95906—11—9
& 38161 phosphate Oxide 17, 18, 20, 24, Irgafos 168
25, 26, 27,28, 29
Al3E O

H A7 A A
T2 olg= 349

= 07T &

=5t} Caprolactam-=
2 ks op7lsheE AoE dH A

[}
plas

1T

2422 7V A
ZEAE XA oA ThAaA = 7,

S THBomfim et al., 2011). 7] ={| 4] caprolactam 2]
7158 21 CFR, §177.1500°] WA %o} Ql&=H),
A A v} 7)=0] ohE Wb, a1 EUS A = 5
T 15 mg/kg ©. = 5 ASIHFDA, 2015; EC, 2011;
210k2] | 2015).

Bomfim 5(2011) & 4091 59| S7Ma%
EFAE T35 e-caprolactam®] & FAF
A, F 16712 A 5elA EU 540138 7]+
15 mg/kg(EC, 2011 =335t HEH As
Qlak3iT.

Jet (O ot ofo

& 3HH(Cano et al., 2002; Page and Lacroix,
1995). 7FaxA| 748 PVCA| 220 AHE-5 &= 28
g|o] EZ| 7}A4AQ] di-2-ethylhexyl phthalate (DEHP)
= AA PVC e ©F 80% 4 =5 AHAIskaL lk
(Bhunia et al., 2013). Acetyltributyl citrate(ATBC) = 2] &
£ PVDC 7|9t FHAF ] 7R T2 AR
I At} o] 9]e|% di-n-butyl phthalate (DBP),
dicyclohexyl phthalate (DCHP), butyl benzyl phthal-

ate (BBP), diheptyl adipate (DHA), heptyl adipate
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Table 5. Substances being regulated in the EU (positive list of EU No 10/2011) and Korea among the detected substances in the
experiment (EC, 2011; FDA, 2015; 412FX{ | 2015)

EU
Use as monomer or
Peak | Substance CAS N Korea** | se as additive or | other starting substance L
No EE 0. (ma/L) . Specific migration limit
- [¢] polymer production or macromolecule (SML) [ma/kal
aid (yes/no) obtained from microbial 9/kg
fermentation (yes/no)
15
10 | Caprolactam 105—-60—-2 15 yes yes (expressed ad caprolactam)
41 DBP 84—74—2 0.3 yes no 0.31)
47 DBS 109—-43-3 X yes 1o 60
(expressed as the sum of
52 ATBC 77—90—7 X yes no the substances)
65 | Erucyl amide | 112—84—5 X yes no
71 Irgafos 168 | 31570—04—4 X yes no
72 | Irganox 1076 | 2082—79—3 X yes no 6

1) Only to be used as: (a) plasticiser in repeated use materials and articles contacting non—fatty foods; (b) technical support

agent in polyolefins in concentrations up to 0,05 % in the final product.

Positive list system (PL): A list of institutions that regulate the use of the licensed materials used in food packaging materials
that are performed in the United States and the European Union and elsewhere. That are not listed in the list of substances can

not be used.

Currently in Korea, a positive listing system of food—contact substances is not implemented

(HAD), heptyl octyl adipate (HOA) 5-©] LREA Q]
7haA| 2 ARE-E 3L QltH(Sablani and Rahman,
2007).

Dibutyl sebacate (DBS)

ZAFE A B F 11,12, 13, 14, 159 2 169 A2
oA =% dibutyl sebacate (DBS)= &2t~ E 9
THAaA 2 AFEE = H7FAIO] T Petrova (1976)=
A =8} 7S 0] 2o M UERASE A
= I3 A A2 = FEof| 2] DBSS o]
&5 Frlekd =, 76~137 mg/kg S 2 Bl WA =
S TR A A& EAsgl o] =4 o
Al m]=9] 21 CFROll AFE-7]0] Al E] o] Qlal,
EUSNIA = 60 mg/kg ©13t=2 AHE- 7Faek vbd, =
U A58 719 9 8724l A At
o] SITHEC, 2011; FDA, 2015; 22k, 2015).

4

Tributyl citrate acetate (ATBC)

B ooAo|q AL A8 5 F 70, 8, 11, 12,
13, 14937} 159) A 5S4 ATBC7F AZ5
t}. Badeka 2} Kontominas (1996)+= PVDC Saran ¥
Eol 288 2US Y€ 10, e SHFE Y
3 8E-7F AR QI A 7 Z247; 7FA e - ATBCY]
ol AAde A 742t 73.9 mg/LE} 4.1 mg/
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Triphenyl phosphate (TPP)
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