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Migration of Di-(2-ethylhexyl) Adipate into the Fresh Meat
Wrapped with Plasticized PVC Film Depending on Fat Content,
Thickness, Storage Temperature and Period
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Department of Food Science, Kangnung National University

Abstract

The effect of fat content, thickness, and storage temperature and period of fresh meat samples on the
migration of di-(2-ethylhexyl) adipate(DEHA) from plasticized PVC film was investigated. Pork samples were
prepared to have different fat contents by mixing with pork loin and pork backfat and stored at 5C for 2 d.
The migration values of DEHA into the pork samples were increased with a high fat content. There was a
gradual increase in the DEHA concentration as a function of prolonged exposure period and elevated storage
temperature when the pork samples were stored at —2, 5 and 10T for up to 7 d, respectively. The migration
of DEHA into fresh pork and beef was limited only to a small depth under the meat surface(<2 cm). The
migration value was higher when the pork belly was wrapped double with plasticized PVC film compared to
once after storage at ST for 3 d. However, when the samples was minced and repacked with new film after
2 d, and kept for a further 1 d, these showed lower migration value compared to the above two intact samples.
Mlgratlon values exceeded in most cases the upper limit for DEHA migration proposed by the EU(18 mg/kg or
3 mg/dm ), even though no limitation is currently set in Korea.
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Bzl kAl Aol we g0t e A48 o

Eoo] olgige] AA F7HE 9ol Uk
7heA] = o] AlgEo] & di-(2-ethylhexyl) phthalate

(DEHP)= FEAEAA AF2a, Z_} FA 7t 2 723
AETA W opyletn Ak =
dute Hnz FuerMe @Al Abgel Ex[Ho] 9l
(JECFA, 1989). ¥8 DEHPQ] thA] B2 = dA 4, 7=
g Zol|x] Bo] 1851 9li= DEHAE Ziuthe] World
Wildlife Fund(WWF)&} 432] National Institute of Health
Sciences(NIHS)ol|l 4] W &u]A] ol 8 Ed 2 EFF L 9l
t}. Z12)v} DEHAS] Wl2H Al ol o Fol it o}
AesiA =] UA Lol HAAH R o]F &g
71EX = vldEo] 921 &S Atgo]t}. European Commi-
ssions®] Scientific Committee for Food(SCEFYEEC Commi-
ssion, 1993)e]]A41%& tolerable daily intakes(TDD)Z 19 Al
Az kg9 0.3 mgl & 3} 1, EEC Commission Directive
(EEC Commission, 2001)l| A=
2 Azglo]l AZ WA | dn’F 3 mg, 2E 1 kg 18 mgo
2 IARE Hstdrt

7] PVC el rxJE_o] A 3
DEHA?9] o] &g FAstiL o] EH et
) Y3t} Ay A7 AHrE Had H} D} Page %
(1995)0] ALY vlol] W2R £5, 7135 2 ol folA 247
2.9~27 pglem’, 3 72 pgfem’ L H 1 130 pg/em o] DEHA
7} o]g" Aoz Flx|Yr) Castle S(1987)& =28t
o Q=9 vryoa] zhzb 2.1~36.3 mgkgd} 10.5~53.1
mg/kgol], 23 ZE|E garlet vl e 247 94~
48.6 mgkg¥} 2.1~7.8 mg/kego]l HAEHJTn Husith
I3 Kozyrod 9} Ziaziaris(1989)2] Aol 2] ahd A4S A
49~151 mg/kg, X Z=olA 31~429 mgke, 2] Sl 40
mg/kg, 283 M=} woa] 64~325 mg/kgo] ©]PH
gtk sk

olst o] AFANE ASFel FAd| PVC % 25
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foflAe] DEHA £& 2 24

Lee 5(2001)e] whHofl uwie} olgA)7]l Alg= Hlo]A o
2 70%(v/v) acetone% ANEs} AR HE E2x2E) Yo
T 1087 Aol 253 FZ319th Acetone-2 What-
man No. 1 J3x|of| oJJA|A FHZuf7]o D3 acetone &
9] 1/3% 2] methylene chlorideZ #7138tk AEE 5
3} 9Fo] n-hexane-& 0] gato] Ao 2Ttz 5ET) T
acetone . 2 Y A pge v ow

233 WEHe] ARGORY

E] DEHA7} 2hd3) Zr%ﬂ_‘?_% sttt o] 3530z B
gxlo] e BEZ)E vl B2 F B0 Hg2~3
W 7}2~2 wFHA] 20427F shaking3tgith Shaking & 3}=
1S dlolFAdl] £A4 ol n-hexaneS ¥ 587F o)A
283 F&5m ANt 2R $74 9ih o] 3
g Al 33 eIt olgA) FEHE 9L FEdld]
n-hexane . 2 50 mL A& & [ mLE o] 2 mL vialol]

71 g1 ¢43] FFA1A 100 mg/Le] H%EE n-hexaneo]
=91 WH-EFE3 benzyl bezoate 1 mLo)| ThA] =t GC
B A28 27 045 me] PVDF membrane filter 2
o7 F vialel]l g&oprh

DEHAZS| ZzkM

& EZ 24 DEHAE n-hexaneo] 10, 50, 100, 5003}
1000 mg/L7} Z+zt ha-E] A Hekd T8 88 9= 5 )
FRFEZQ benzyl benzoate 100 mg/LE 24z} A 71549t
83 A7 045 yne} PVDF membrane filter® oJ3} &
GC(Shimadzu GC-14B, Japan)& ©]-8-3}] Table 13} 22 =
Ho gz EMs%ct GCE 7 &3 DEHASL WH-EF 52 9
HAHZ yzkol tiglsle] DEHAS] 3k xE mg T2 At

Table 1. Analysis conditions of GC for the determination

of DEHA
GC model Shimadzu GC - 14B
Alltech AT'™-5 (5% Phenyl
Column -95% Methyl-polysiloxane)

30 mx0.25 mmXx0.25 m

He, 1.07 mL/min

Carrier gas flow rate
gas & (constant flow)

Injector temperature &

300°C with split ratio 80:1
mode

Detector temperature 320C

140°C(5 min) — 15°C/min

t (!
Oven temperature . 280°C(5 min)

& 4= gl9lth. DEHAS] AL A3 A(R%)7} 0.99970]
3 718717F 07852 3 A4S Bt

HE A

u]=r Environmental Protection Agency(EPA)9] Method
8061A(1996)2} Code of Federal Regulations(CFR){(1996)<]
uiH o)) Wl zb AR E 73] B4 3 method detection limits
(MDL)YE AlI4FFHTE & MDL = (1. 099) XS.D. 2 AlAEE]
A=, A7NA th- 1S 99% A1FE 9] student's value, S.D.:=
EFUAE JERATE GCE ©]-&3F DEHA) A&3A =
3.4 mgkgow BIE ]

e

g9 X|atget 55
471 S ol 83t &Y AL JPAA & v
o] 2ol 100~105C2] dry ovenol| ] &4 A=
I desiccatorol| A SHEERE WA F vlo]A] FAE =
sto] AR E Y] Mol FEAIHE oA FA|e}e] AHE
&5t o 2 Ao wep AuE

F

M=~;—Ml % 100

Mo A %)

M; : B3 o] ol r(g)
M, : ARE 2] A o)A B
S A2 BAE

AZ2S0{A{2| DEHA 32
A5 E)4 9 DEHAS] 51?% = s R g
AR T4, 417 AT ddoldel DEHAE 100 /g
THE spikedtA T 2 F Al Bo|A e} DEHAE 737 9F 22 o
WO R FZ3lo] GC-FIDR A sl DEHAS] 34&& 7
Ak th

dn { o3

KolMol DEHA g+

®o2 o|g¥l DEHAE AF3l] S8l sleag 24}
sl o 7 AF= Table 29} 29kt}. DEHAS] 3)458& =)
A a17) A A 91.2%, A7) AN 90.2%, 2
71 SellA 88.9%, mielm arr] ol 80.5%2
22 Jebst). 2 Al8elA9] DEHA 3|5-&¢] AdEsA
ZHE 0.6~7.9% HAATE B AFol|lA] AR 4] FellA
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Table 2. Recovery ratio of DEHA from pork and beef

samples

Sample Fat Re'coverl); RSD

content(%o) ratio(%) (%)
Pork belly 274 91.2+0.9" 1.0
Pork loin 3.9 90.2+4.6 51
Beef loin 17.0 88.9+7.0 7.9
Beef round 6.9 80.5+0.5 0.6

Average 87.7%£33

b Average £ S.D.

DEHA 3]5&3 JulZEAA= v|= FDACA F3t 7%
Z|(FDA, 2002)E “}3lsle E2 Aggich

Ciebst =714 DEHAZS| o|afzt

5TolA 29 &<t PVC & FFoz FAsle] A7k A
g0 Awatwd DEHAS) ola)zke Ak 59, 13.99)
29.6%0l4 Z+z}t 22.1, 41.99F 794 mgkgo® ZFH Yt

(Table 3). wh2bA] A|g&9] A ehako] Fold 4= DEHAZ)
olgigro] F7HE A& AT 4 AUtk Petersen F(1998)
T A HFgkaro] 8.82F 19.4%Q1 43 Hix| 7] & ST A &
& A4S o ZH2} 6.29) 18.0 mg/kge] ol@ S U
Efujo] Aol 2845 DEHASL] o|3)ako] Z7}19)
3 gk bk gioh

F8h3]=] A 239 A 23(2003)

Aol 11.5%7 HA A 27] SA% SAE-E Hof
A Bl thete] ALz} 717 DEHAS] o]8 &
3 A= Table 49} 2tk 1U3}F A|SE - 27T A
7a-% 16.0 mg/kg, 5T E 27.8 mgkg, 2831 10T

352 mg/kgo. 2 UEhydt) o|2d ZAae A 241 3
M= FARHA dehdd AFLErE EoldsE
DEHAS] o] &2 F71H = 72 afo] =it =3k -2T
oM 1<, 3d 5 78 T4 AGst oY TG FAIG An}
160, 35.5 @ 453 mgkgl 2 2715l A4S Yeh T,
STSH 10CAN S A7izie] Aojdss ojsare] 5718
S BAF 5 Uitk B A7 Aas} v 2 AFLE
7b golAlm Ag7ke] A4B4S DEHAS) olsgte] =
7VStA Tk Startin 5(1987)3 Lee 5(1990)2] oA =
Bug u} ok

X7 349 b S da)slo] AbAARS
€ © DEHAS] o8¢ 2ALG A T
she} Quk B AYE A ol 82 T
A 5 7180 AAAE & B8]
ol 78 E= fAA EE oA Y] wjEe]ch
DEHAS] o] 832 5 2 ‘"%’5‘}?—% w 28.9 mg/kg
o 7V kA, thee w2} 25.7 mg/kgo]
Easy Al

e, 29 F A4 H T BF

X ol e 2

e

bl

sColA) A4l
Table 59} et
Hog ¥As}
ANEASE A

Joh
N

Table 5. Migration of DEHA from PVC wrap film into
pork stored at 5C depending on packaging

Table 3. Migration of DEHA from PVC wrap film into method
pork stored at 5C depending on fat content Fat Storage No. Migration of
1 Storage Fat Migration of DEHA Sample c;ntent tciime il Olf _DEHA -
Sample time(day) content(%) me/ke mg/dm* (%) (day) 1m layer mg/kg mg/dm
Minced 3 single 25.7 55
ince
P 59 221 38 Pork double 28.9 6.5
ork 2 13.9 419 7.1 260
(loin+ : : : belly 941 single, but repacked 136 33
B 2D
backfat) 296 79.4 13.5 after 2 days
Table 4. Migration of DEHA from PVC wrap film into pork depending on storage period
Migration of DEHA
Fat Storage Storage temp.(‘C)
Sample content period
%) (day) ~2 > 10
mg/kg mg/dm’ mg/kg mg/dm’ mg/kg mg/dm”
1 16.0 2.7 27.8 4.7 352 6.0
Minced Pork s 2 - - 37.8 6.4 71.8 12.2
(loin + backfat) ' 3 35.5 6.0 493 8.4 - -
7 453 7.7 - - - -

- not determined.
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ola o] 13.6 mgkgo = 744 W ERdTE 2 A 1
W DEHAE 23 ¥&3px @& AgForREE
| olgRhe AS 22T 5 Uvh B 29 F A
o =

A @gol| Al DEHAZ} AA 7A&9 A

Ae} DEHA <o) gA4¥ Aoz detgdck

DEHAZ} of&] Alg5e FASFHE drpd oldds A
A3t A¥E Table 60 YERNQITE SA]317] A4 Aol A
EHA 1 em7ZR Y] Alg2] 725 ol o] 220.9 mg/kg
2 eElton 1~2 eme] 7oA & 19.4 mg/kgo| ot
2 cm oA Zole] AlBo M HEDA o3ty olA TS
Jerith A 17 SAldMe EHA 1 am7bA| 9] o] 8
o] 39.0 mgkgelL 1~2 em FAA = 20.8 mgkge]
olg g B Fr) 1 ¢ =X TSI H5v] dHolH
X 79 FA1E e BT o9} o] PVC & &
Bog TAgE X1 H5r]oxe DEHA ol &k
N AEF HEE § BHAA YAHFE ol Fo] W

Ehem 2 am o) Qol|AE DEHAZF #2514 e

PN

o rr

=

(¢}

P

oz BaHch

BT A% -20eM 19 B AFEAY 28 F AE
AANE A RES A v o) A=A DEHAS]
oleigol fHALS F1EAY 18 mekgS Ee Ao
sIEIgiTh PVC oz E4E 4 FRNM DEHAS] o]

o] RYALS NEAF ZAATHE AL ATIME B
Il Kozyrod and Ziaziaris, 1989; Startin et al.,
1987). ¥]& Zulol= @A) DEHAS o] kol th3l 7|3
7} AR E ] A BA T AFe] EAA kA Asl A

Table 6. Penetration of DEHA from PVC wrap film into
pork and beef stored at 5C for 2 days

Fat Sample Migration of DEHA
Sample content depth
%) (cm) mg/kg mg/dm*
0~1 220.9 17.0
Pork belly 322 1~2 19.4 1.8
2~3 n.d n.d
0~1 30.0 34
Pork loin 3.9 1~2 17.2 1.5
2~3 n.d n.d
0~1 39.0 34
Beef loin 17.0 1~2 20.8 1.8
2~3 n.d n.d
0~1 35.0 2.9
Beef round 6.9 1~2 12.8 1.2
2~3 nd n.d

n.d : not detectable.

o] 4] DEHAY] o|g &g Z4A7]7] 3 Wjte] A= o]
AoF & Ao AdtE.

PR 179 H 05 kst 2oz PVC § 2502
zaela ARSI S W Al8R o]gH DEHA 7paA S ¢
< zAtsteh WA ) S A 2FEe AT &
22 5.9, 13.99) 29.6%= 7+ 9
2UZ ARG A Aol &

ol e TUHE
78S At SIX & -2, 59 [0TAA] 2zt 274513
S o A 717ke] ARE D AR Lwr) AT FE o|P ek
o] Z7lete AE¢S Bk aglm ] x4E =79
2 R ol A4 %

EPREERREEREECE S
[e]

=

%
o &8 o AFAE ARl ool F AZE MK
ojgfeto] o YAl UElGtLE o= DEHA o)) &kof of
71Ee] QAT GEATS 71EA 3 mydm® EE 18
mg/kgoll TATHE ZALE tlFEe AJREA o] V|FAE
2113 Aoz Jehgrh

UAtel 2

B A7E HARAR RA B ) EATN A A9
(HMP-00CH-18-0017)e] 9]ale] o]20jx Aolw, A7H] |
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