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Research on Improving the Migration Test Method for Large-capacity
Food Equipment and Containers
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Abstract According to current standards of the Ministry of Food and Drug Safety (MFDS) of Korea, migration tests
for food containers are required to be conducted by filling the container completely with food simulants. However, for
large-capacity containers, excessive solvent consumption not only causes economic, environmental, and practical prob-
lems but also results in a dilution effect in the volume to surface area ratio. To address these limitations, this study
designed and validated alternative testing methods, such as partial filling, single-sided migration, and double-sided migra-
tion, by standardizing the volume-to-surface area ratio to 2 mL/cm?. To intentionally increase the migration amounts, a
comparative analysis was performed using 20 L high-density polyethylene (HDPE) containers containing 20% calcium
carbonate (CaCO;). When tested with a 4% acetic acid simulant, the overall migration was 17.9 mg + 3.5 mg/L using the
conventional filling method. However, the proposed methods recorded significantly higher concentrations of 42.6~45.7
mg/L. Furthermore, these alternative methods reduced solvent consumption to 1-7% of the conventional volume. More-
over, a ‘Tiered approach’ is introduced as a practical strategy, allowing for the selective and stepwise application of the
most suitable test method depending on container characteristics. This framework is expected to foster a more sci-
entifically rigorous, cost-effective, and environmentally sustainable food safety manage system.

Keywords Migration Test, Large-capacity Containers, Alternative testing methods, Food safety management, Tiered approach
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Fig. 1. Schematic representation of the three alternative migration testing methods for large-capacity containers: (A) partial filling, (B)
double-sided migration, and (C) single-sided migration using a migration cell.

(A) : ®)

Fig. 2. Tllustration (A) and actual image (B) of the migration
cell for single-sided migration testing.
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Fig. 3. 3D scanned images of a 10 L PET container, (A) 3D scan of the entire container, (B) scanned image for calculating the diameter
and height after sectioning, and (C) surface area and volume measurements via software after sectioning.
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Table 1. Regulatory standards and surface-to-volume ratio by countries

57

Region

Regulatory standards

Surface-to-volume ratio (V/S)

South Korea Standard and Specifications for Utensils, Containers and Packages

2 mL/cm?

European Union (UN)

(EC) No.1935/2004
Commission Regulation (EU) No. 10/2011

100 mL/2 dm? (0.5 mL/cm?)

EN 1186

USA FDA 21 CFR 10 mL/in? (1.55 mL/cm?)

Japan Public Notice of the Ministry of Health and Welfare No. 370, 1959 2 mL/cm?

China National Food Safety Standard (GB31604) 6 dm¥kg (L) (1.66 mL/cm?)
Bt oF 2% Uj9le] UE AAEE BTk R AN F7 80 218 2L 5 Adch 53] 20L o9l o)
ARG 201 §7)(HDPE+ ¥V4n)e) A%, 44l T8 3 $71oIxe 8 AHSRS 71E i) 08% 7 4
(S 7095 el sl =01 296em= HASAL Y F e A0 rgrh o AP vl Faw
o AA F97F 1,402 mLE S7gEo] EEX|Q1 1,420 mL ozt He 5 AskE thge] HAS Ao =A A
@ 132%9) 98 bk olel@ Ak 3D 27 ARERE wEe sl 294 W M A9
J 7lzol 8719 =719 dﬂ%"ﬂ 44741%‘1 | % &5 =4 e ARE oldSs sl AlEdit)

(2 mL/em?)y& FHE ol f&

3. M% &g St oy za AT X WM NEE

2. Nggiol e 80 AHF X FHEH, EH 284 B3
g 4 Fo] BAF §ujE ARgsl] AEY 7 TEEFS Y]
A3 715 Q5= W Aok Al 7] A AlEE 23S W, fFF T e AFS olw] FHol Fgst
o] AEgv| M-S val B3 A3}, Table 204 Ho| H01 Aol BE AFolA b 7121 30 mg/Lolske] e
+ el 2ol thAl AEHE =Y Al 7180 8l W.& S HAATKTable 3), A1EH 7he] WEst x4 HAES
7t RIS 53] 16 L &% 28719 745, 3 ERIsploll= eAI7E AU ololl, fF AFe] e ¢
W A4 Al 16,200 mLe] 7 807t A8 EHE @E&, - AE FH3AL WA AlFEe] a9dS Ao R YFst
B 83908 oF 1,800 mL(E3 tiv] 11.1%), “<Fa/chd 7] 918, BAFEH(CaCOy)S E95 o3 og 38
S5 o 200 mL(A3 Y] 1.23%)2] Srfoz A S X3 20 L HDPE A2k 8715 &8313nH, 259
g o] 7FssIsit. ol9] tet fF AFS o= AL Q8 24 Al B 108] v RS [t
A% A, B SEHe dJ oiv] oF 11.1%°01A (Fig. 4).
45% TEOR, ‘FHMAH SEEH L 6.25%4 1.23% T 20L A7 2719 AS-, HYHLS 24,420 mLe] B2 &0

Table 2. Comparison of simulant consumption between current and alternative migration testing methods for commercial containers

Samples Test Method Required simulant volume (mL) Ratio to current (%)
- , Full Filling 16,000 100
Large A“zll%htL)Comamer Partial Filling 1,800 111
Double-sided 200 1.25
- _ Full Filling 12,000 100
Large A“('tllghi)comamer Partial Filling 1,800 5
Double-sided 200 1.6
. Full Filling 6,000 100
Storag&cf)mamer Partial Filling 1,920 32
Double-sided 200 3.33
- . Full Filling 3,200 100
Freezer A(I?‘zgli)comamer Partial Filling 1,450 45
' Double-sided 200 6.25
_ Full Filling 4,400 100
L‘(‘j‘“:rLJ)ar Partial Filling 900 20
Double-sided 200 4.54




58 Old= -OIxlt -2y - HES - HTE gt 2 Zkst 3| K|
Table 3. KmnO4 consumption and overall migration of various food containers by migration test methods
KMnO Overall Migration (m
Samples Test Method o - - & (mg/L)
Consumption (mg/L) Water 4% Acetic acid | 20% Ethanol n-Heptane
L Aitialh Full Filling 1+0.36 2+0.58 3+1.15 3+1.00 7+1.15
arge Airtight - -
Container (16 L) Partial filling 1+0.00 3+1.70 3+1.00 1+0.00 1+0.00
Double-sided 1+0.00 3+1.53 7+1.15 5+0.00 10 +£2.00
o Full Filling 1+0.00 2+£0.58 2+£0.58 4+1.53 7+0.58
Large Airtight 0 lling 1£0.00 31283 6672 1£0.00 6411
Container (12 L)
Double-sided 1+0.00 6+2.00 8+2.00 15+4.51 16 £5.13
] Full Filling 1+0.00 4+0.58 2+ 1.15 4+£2.00 8+£0.58
S“’rag&CLO)mamer Partial filling 1£047 42216 5082 2:082 6+7.07
Double-sided 1+0.00 4+1.73 5+2.31 6+3.46 19+ 3.06
. Airtigh Full Filling 2+ 0.00 2+0.58 5+£1.16 5+0.58 7+£1.15
reezer Airtight . -
+ + + + +
Container (32 L) Partial filling 3+0.47 3+0.58 8+1.53 5+1.15 6+1.53
Double-sided 2+0.00 3+2.31 9+3.61 6+2.31 9+3.01
Full Filling 1+0.00 2+0.58 2+1.15 4+346 3+1.15
Liquor Jar (44 L)| Partial filling 1+£0.00 2+0.58 4+1.53 5+1.00 6+2.00
Double-sided 1+0.00 3+231 3+1.15 5+3.06 6+2.00
(A) Full filling (B) Partial filling

(C) Single sided migration

Fig. 4. Migration testing of the fabricated containers: (A) full filling, (B) partial filling, (C) single-sided migration, and (D) double-sided

migration.
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Table 4. Comparison of consumption of simulant and volume to surface area ratio between current and alternative testing methods for

fabricated containers

Test method

Parameters - - — - - — - —
Full filling Partial Filling Single sided migration | Double sided migration
Width (cm) 222 222 - 5
Length (cm) 27.5 27.5 - 5
Height (cm) 40 2.96 - -
Surface Area (cm?) 4,586 710 100 100
Volume (mL) 24,420 1,402 - -
Calculated volume
(2 mL/cm?) (mL) 9,172 1,420 200 200
Ratio to current (%) 100 5.81 0.82 0.82
V/S Ratio 5.325 2 2 2

Table 5. Comparison of overall migration (mg/L) from 20% CaCO; HDPE containers by migration test methods (n=10)

Test Methods

Simulant Full filling Partial filling Single sided migration | Double sided migration
Water 13.1 £2.7%" 13.5+3.9% 15.0 +5.0° 10.7 £2.9°
4% Acetic acid 17.9+£3.5° 42.6+5.5° 457+ 6.9° 43.6+7.2°
20% Ethanol 54+2.1° 83+3.2° 10.6 + 3.6° 46+2.8°
n-Heptane 63£2.3° 6.9+3.4° 14.2+5.9° 9.4+2.1°

*Different letters in the same row indicate a significant difference at p < 0.05 by Duncan’s multiple range test.

Table 6. Inter-laboratory comparison results of overall migra-

tion in 4% acetic acid by test methods (n=3)

Test Methods
Laboratory Full filling | Partial filling Doup le §ided
mlgratlon
A 13.3+£2.5%" | 40.7+5.0° | 393+64°
B 77+2.0% | 653+2.5° | 443+6.5°
C 134415 | 441+3.6° | 452+3.8°

*Different letters in the same row indicate a significant dif-
ference at p < 0.05 by Duncan’s multiple range test.
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