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Suitability of Migration Testing for Food Packaging Materials
Using Tenax®
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Abstract This study aimed at examining the suitability of Tenax® for the migration testing of food packaging materials,
which is currently approved in the EU as a dry food simulant. The results are used as a basis to examine the feasibility
of introducing Tenax® to Korean regulation. The OMVs of test specimen into various solvents (diethyl ether, ethanol, pen-
tane, and acetone) after exposure to 100°C for 1 hr were compared. Diethyl ether showed the highest OMV (1.33 mg/dm?)
among the solvents tested. When the tests were conducted with different amounts of Tenax® of 2, 4, or 8 g per specimen,
the OMVs were 0.75, 1.33 and 1.40 mg/dm?, respectively. The OMV obtained with a closed system after wrapping with
aluminum foil showed a significantly higher OMV (1.61 mg/dm?) than that without aluminum wrapping (1.318 mg/dm?
w) and an open system without lid (1.06 mg/dm?). The specific migration rates of surrogates spiked in the polyethylene
test film and paper samples into Tenax® were compared with those into liquid food simulants including 95% ethanol and
n-heptane, and actual foods such as starch, skim milk, and sugar. In general, the specific migration levels of surrogates
into Tenax®™ were similar compared with n-heptane, however those were significantly higher than into actual foods. These
results suggest that Tenax® may be used as a food simulant for the long-term preservation of dried foods and paper prod-
ucts. However, more studies need to be conducted to investigate the factors influencing the migration into Tenax®, such
as the types of foods and packaging materials tested, migration conditions, and surrogates properties etc.

Keywords Tenax®

M

o

2EE B7IEA A Al TeFe @A e HrHeEol
ARSEEE, ol3s Ed ¥ ol E v|o=do=m Hrtd
&2 EV(non-intentionally added substances; NIAS)e] %
Al Wol| zHFate] 21F 0= olgiate] Am|ate] 7A7Fd 3l
FAE o718 & dom, AFe] A5 FH IS

a4 oP. webA, A7 ZsrelldE 2EEA e tiek

*Corresponding Author : Keun Taik Lee

Department of Food Processing and Distribution, Gangneung-
Wonju National University, Gangneung 25457, Korea

Tel : +82-33-640-2333, Fax : +82-33-647-4559

E-mail : leekt@gwnu.ac.kr

, Overall migration, Specific migration, Food simulant, Food packaging materials

SRS nsl) s TRl AGHAL HFOE of
Pl BA FF L Pl o /1F A% B A9
2 AR B k. e, 2 Sk A 8 A 2
§710049] ol Ay B 4 vla Ao sk ),
FEAREV) 2 V] J1F FA4% 4R 2 e

HEPS W Aoldo] Bol olo] tig xse] Bege A
1or, 53] ofrlol F7kselNe] ol Y AL AT
] S 2 270 Dol Tl A9 BaK

o] YL ST,

F, B e JA FEE e AFe] B ol
A AL d8Y ) B 715l we)h A3 AlBTRES AR
S 735 A ol Alolvhs AR VR 7Esdol
th &, A A ERES] S AR WA}t HES T



98 Usiz -y -

ojgfo] o]Foi |}, AP AFe] 739 A AA 9 HES}
A o= 757 7] wiel] oldle] B = S
T2l eJste] ol o] STHE 7= Utk B3, Fol
2 X7 sl AANRNEDEES ARSI AP o, 714
B F27E 237w, FolA| EgAe T e 2
Al ol HEFES R she AEUE =98 9
EUIA & Tenax®2] Porapak, Amberlite, S I
Celite 5ol 3t 28 71e4dS AESIY g0, 2 A}
EUIME 717 A7 HE £l Tenax®7} EU Directive
82/711/EECS] 22t 704 doll ] Ao APPA A)&2] AL
£ ZEhg TA) giAl AEHER A AT, Tenax®™
= AEHeH, GC FHAZ Bol AREEA A3, vy
2 Je|2 Az, stego] [poly(2,6-diphenyl-p-phenyl-
ene oxide] == modified polyphenylene oxide?] Al&o]t}.
T3 Tenax™= L2004 ePg3lH, 3 B2 S godo
2 I{G 7 o, SRl ¢ AEE A AR
dHA TP,

EUAME 23] NEHE(Tenax®) =Y FolE Tenax®9t
FRI0Z AMEEE 0|3 A} At opyg), Ay A
S5, AaFY 2 FAFIOUD) 5 EUdA ZAAETE
Ag gidol He thdet A AEF Tenax 5 AR o]
A v ATE F3) Tenax®2] 2-& WS sy o]
o] A& HES sttt

B

Table 1. Characteristics of surrogates selected for paper board
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Surrogate MG bp (°C) Vapor pressu(fe Log Po/w CAS No Use
(mmHg at 25°C)

Benzophenone 182.22 305.4 2.57E-01 3.18 119-61-9 Photoinitiator
Methyl stearate 298.50 443.0 1.36E-05 8.35 27234-05-5 Photoinitiator

Dodecane 170.34 216.3 1.80E+01 6.10 112-40-3 Stabilizer

Diphenyl 1,2-phthalate (DPHP) 318.30 403.0 7.92E-06 4.12 84-62-8 Plasticizer
Bis(2-ethylhexyl) adipate (DEHA) 370.57 417.0 8.50E-07 8.10 103-23-1 Plasticizer
4-Isopropyl thioxanthone (ITX) 254.35 412.0 1.90E-08 3.59 83846-86-0 Photoinitiator
Methyl naphthalene 142.20 244.0 5.00E-04 3.90 1321-94-4 Plasticizer
Diethyl phthalate (DEPH) 222.24 295.0 4.59E-02 2.42 84-66-2 Photolnitiator
Methyl benzophenone 196.25 326.0 1.64E-08 3.34 134-84-9 Photoinitiator
Naphthalene 128.17 217.9 8.5E-02 3.30 91-20-3 Plasticizer

Table 2. Characteristics of surrogates selected for film
Surrogate MG bp (°C) Vapor pressu(fe Log Po/w CAS No Use
(mmHg at 25°C)

Diphenyl 1,2-phthalate (DPHP) 318.30 403 7.92E-06 4.12 84-62-8 Plasticizer
Bis(2-ethylhexyl) adipate (DEHA) 370.57 417 8.50E-07 8.1 103-23-1 Plasticizer
Acetyl tributyl citrate (ATBC) 402.48 173 7.97E-07 4.29 77-90-7 Plasticizer
T“S(Z’4'dl'z'lkr’;g‘égh‘l’gl)) phosphite |04 5 527 6.47E-09 13.6 31570-04-4 | Antioxidant
Butylated hydroxytoluene (BHT) 220.35 265 5.16E-03 5.1 128-37-0 Antioxidant
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Table 3. Change in the residual amounts with time after addition of surrogates

Sample name"

Addition Bay | GA

|

NBKP ] NEW ] Dual

Surrogate amount

Drying time (min)

(mg/L)

30\120]360|30\120\360]30\120\360]30|120\360]30|120\360

Residual amount (mg/L)

Naphthalene 92.69 | 76.93 | 36.74 |159.22|105.79

45.23

178.82|143.74| 70.08 [121.79|137.20{124.82|113.31| 88.41 | 65.42

Dodecane 70.55 | 62.13 | 27.49 |101.34| 71.84

30.87

26.50 | 27.42| 0.00 | 38.63 | 31.00 | 29.37|23.02 | 0.00 | 0.00

Benzophenone 96.45 |137.11| 97.33 {169.82|201.78

110.75

191.15/162.75150.91|206.22|215.76|197.90|154.19|146.40| 114.12

DEPH 193.76/183.23|163.06(241.64|252.13

211.23

260.35/260.09|250.53|270.02|273.44|234.46|215.92|229.12|209.72

4-Methyl

benzophenone 19967

188.86/165.27|273.31|261.10

300

225.08

255.48|275.63|259.80(273.03|1277.14|243.68|220.64|233.29|219.47

Methyl

naphthalene 196.11

202.56|184.27|302.35|313.02

328.72

256.96|268.79|262.82|273.61|277.20|239.73|230.64|238.60|224.52

Methyl stearate 197.76/189.44|188.31|230.64/257.83

227.58

308.14|311.18|273.15/302.41|288.63|249.90|234.88|246.98|240.28

ITX 130.67/184.09|187.61{199.89|253.73

220.78

267.14|280.17|267.55|314.94/287.76|260.86|251.43|242.82|232.34

DEHA 183.83/187.08/197.00(207.89|272.42

236.20

317.56|316.88|300.47/303.05|272.46|265.11249.00|254.13|245.13

DPHP 123.97|153.37|147.52|183.54|241.88

207.47

272.25|277.45|251.92|294.10/269.60|225.46|235.34/209.94|199.71

DCommercial name of paper board sample.
*All values are the means (n=3).
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Table 4. Physical properties of paper board

Properties Unit Measured values
Grammage g/m’ 428.2
Thickness pm 653.4
Bulk cm’/g 1.53
Density g/em’ 0.66
Air Resistance sec/100 mL 27.8
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Table 5. Experimental conditions according to the EU and Korean standards

Country Simulated for long-term storage (25°C/>6 min) High temperature heating (175°C/1 h)
Simulant Testing condition Simulant Testing condition
Korea n-Heptane 25°C/60 min n-Heptane 25°C/60 min
Vegetable oil or alternative simulant 60°C/10 d
EU Tenax" 175°C/1 h
Tenax" 60°C/10 d
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Table 6. GC / FID and GC / MS conditions for specific migration test

Parameters

Analysis conditions

Column

DB-5MS column

Oven program

At 60°C holding for 1 min — raising to 100°C (10°C/min) —
raising to 280°C (5°C/min) — at 280°C holding for 19 min

GC Inlet temp. 280°C
Injection mode Split ratio 5:1
Injection vol. 1 uL
Carrier gas He (1.0 mL/min)
FID Temp. 280°C
Transfer line temp. 280°C
MS
EI source temp. 230°C
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Table 7. Overall migration values depending on the extraction solvents

Testing condition

Extraction solvent

Diethyl ether

Ethanol

Pentane Acetone

100°C/1 h 1.318+0.033°¢

0.869+0.066"

1.13340.044° 0.902+0.0422

* Amounts of Tenax™: 4 mg/dm?. *All values are means (n=3). *The values with different superscripts are significantly different (p<0.05)

Table 8. Overall migration values depending on the extraction time and temperature

Testing condition

Extraction solvent
70°C/1 h

100°C/1 h

70°C/2 h 100°C/2 h

Diethyl ether 1.169+0.042°

1.318+0.033°

1.392+0.033° 1.644+0.033¢

*Amounts of Tenax": 4 g/dm?. *DThe values with different superscripts are significantly different (p<0.05). *All values are means (n=3).
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Table 9. Overall migration values depending on the covered amounts of Tenax

mg/dm? 01°d9] 73$-9} 7o) Tenax"= AlEHo| T} Yo
U 8 mg/dm®} ko] Tenax™7} A2 F44 €<l
$ F AT FOWFE R0)H Aol F e gk
o2 FAEATHp>0.05). A=HoE AFE v 9 A
29 Tenax"g EZIETH ol 4y Aol 217 o
o mIAIA| o}, BU IA| ABTE AFYHe) ANE Te-
nax*e] AMg- ¥1€<l 4 mg/dm’o] A 2o I
S, petri dishe] W olio] mWE FolAF AP
petri dish®] 5745 ©A 942 799 FolF 2 1.060 g/
dm?) o}, EUoA el A3 HPHOIE petri dishe] 54<S
Qe A9 FoldgHe 1318 g/dm’ | tH(Table 10). 2
u, Tenax®l 28 E4o] o3y & A3 v}
A FEE dZ2ulF 3YE A D3 A ol o)
1.610 gdm’2 2 Z7Fe 210 3RI%|o], Han 52| HEe
U g offo w2 ol vl A7Pe} fAlSE A
7} vebtth webA, surrogatese] FFol wel 221 o]
3 AFe] 257t =2 A 7ol oJsle FEE] AlREE
HE surrogates”} Tenax®ol] $H3] S2w)] K3l ojF-2
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®

Extraction solvent

Amount of Tenax® (g/dm?)

2

4 8

Diethyl ether 0.754+0.035%

1.324+0.040° 1.365+0.035°

*Migration condition: 100°C/1 h. *All values are means (n=3). *®The values with different superscripts are significantly different (p<0.05)

Table 10. Overall migration values depending on the tightness of petri dish

Leak tightness (g/dm?)

Extraction solvent

Open system

Without lid

— Closed system*
With lid

Diethyl ether 1.060+0.408*

1.318+0.033° 1.610+0.035¢

1) Amounts of Tenax®: 4 g/dm?; 2) Migration condition: 100°C/1 h; 3) *9The values with different superscripts are significantly dif-
ferent (p<0.05). *Petri dish was tightly wrapped with Al-foil. *All values are means (n=3).
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Fig 1. Specific migration amounts from a paperboard spiked with surrogates into different simulants and actual foods under the long-

term storage conditions.
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