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Fig. 2. Total ion chromatograms of epoxidized soybean
oil (ESBO) and epoxidized linseed oil (ELQO)

A: methyl palmitate, B: methyl stearate, C: 1,3-
dioxolane derivative of methyl epoxyoleate, D, E:
1,3-dioxolane derivative of methyl diepoxylino-
leate, F~I: 1,3-dioxolane derivative of methyl
triepoxylinolenate
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Fig. 3. Mass spectra of 1,3-dioxolane derivatives of (A) methyl epoxyoleate, (B) methyl diepoxylinoleate and (C) methyl

triepoxylinolenate

Table 1. Effect of Extraction Solvent on Extracted Levels of ESBO and ELO from Containing Samples

Extracted level (mg/g)

Material Contained
compound  Dichloromethane Acetonitrile Acetone : Hexane Acetone : Hexane
(1:1) (3:7)
Wrapping film 1 PVC ESBO 21.0 (1.00)* 34.2 (1.63) 33.8 (1.81) 34.7 (1.65)
Wrapping film 9 PVDC ELO 6.30 (1.00) 4.20 (0.67) 8.00 (1.27) 8.60 (1.37)
Cap sealing 1 PVC ESBO 5.40 (1.00) - 5.40 (1.00) 5.47 (1.01)
Cap sealing 10 PVC ESBO 352 (1.00)* - 374 (1.06) 399 (1.13)

( ) The ratio of extracted level based on that of dichloromethane

*Sample showed gelling.
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Table 2. Recoveries of ESBO and ELO Spiked in Wrapping Film and Cap Sealings
Contained Spiked Recovery
Material o
Compound Amount {(mg/g) Compound Amount (mg/g) (%)
Wrapping film 1 PVC ESBO ESBO 50 93.1%£4.0
ELO 50 926+2.3
Rapping film 9 PVDC ELO 8.60 ELO 20 96.4+%7.3
Cap sealing 1 pPVC ESBO 5.47 ESBO 20 1044%£3.1
ELO 20 101.1+58
Cap sealing 10 PVC ESBO 399 ESBO 800 1009+16

Each value of recovery is the mean®S.D. of 4 trials.

Table 3. Contents of ESBO and ELO in Wrapping Film and Cap Sealings on the Japanese Market

Content (mg/g)

Material Compound

Mono Di-1 Di-2 Tri Total
Wrapping film 1 PVC ESBO 14.5 8.37 11.8 - 34.7
Wrapping film 2 PVC ESBO 21.5 3.65 5.46 15.7 46.4
Wrapping film 3 PVC ESBO 24.5 12.6 17.3 - 54.4
Wrapping film 4 PVC ELO 23.8 13.9 19.6 - 57.3
Wrapping film 6 PVC ESBO 28.2 14.6 20.4 - 63.2
Wrapping film 6 PVC ESBO 28.1 16.0 22.8 - 66.9
Wrapping film 7 PVC ESBO 31.9 18.5 26.5 - 76.9
Wrapping film 8 PVC ESBO 34.7 19.6 28.5 - 82.8
Wrapping film 9 PVDC ELO 3.23 0.74 1.14 3.49 8.60
Wrapping film 10 PVDC ELO 4.50 1.00 1.47 4.46 114
Cap sealing 1 PVC ESBO 2.34 1.36 1.77 - 547
Cap sealing 2 PVC ESBO 4.60 2.85 3.61 — 111
Cap sealing 3 PVC ESBO 60.9 38.9 52.2 - 152
Cap sealing 4 PVC ESBO 70.7 49.3 66.6 - 187
Cap sealing 5 PVC ESBO 92.5 60.1 83.6 - 236
Cap sealing 6 PVC ESBO 100 62.0 91.1 - 253
Cap sealing 7 PVC ESBO 123 70.6 102 - 296
Cap sealing 8 PVC ESBO 141 80.5 115 - 337
Cap sealing 9 PVC ESBO 140 84.4 121 - 345
Cap sealing 10 PVC ESBO 158 97.0 144 - 399

Mono: epoxyoleic acid, Di-1: diepoxylinoleic acid-1, Di-2: diepoxylinoleic acid-2,

Tri: sum of triepoxylinolenic acid-1-4
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Survey of Epoxidized Soybean Oil in Cap Sealing for
Bottled Foods

Shinji Kanno, Yoko KawaMura', Motoh MuTsuca and Kenichi TANAMOTO

(National Institute of Health Sciences: 1-18-1, Kamiyoga, Setagaya-ku,
Tokyo 158-8501, Japan; ' Corresponding author)

Epoxidized soybean oil (ESBO) was surveyed in the 103 samples of cap sealing for bottled
foods on the Japanese market. Most of the sealings were made of polyvinyl chloride, while a few
were made of polyethylene or acrylic resin. All the sealings contained ESBO in the range of 0.006—
42.4%. Sealings for baby food, jam, efc. contained higher levels of ESBO, though those for
beverages contained lower levels. Sealings in lug caps and press-on twist caps contained higher
levels of ESBO, though that in pilfer-proof caps contained lower levels. Some sealings in screw
caps and lug caps also contained other plasticizers, for example, di-2-ethylhexyl phthalate and
diisononyl phthalate, and their ESBO contents were 1/10 of those in sealings containing only
ESBO. In this survey, ESBO was the most common plasticizer in cap sealing resin for bottled foods
on the Japanese market.

(Received March 2, 2006)
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mol/L b+ b Y v L7 1 mL 204 TH 30 BERE
3%, FEEROERERE L. CoRREKRE I
2~100 &7 R % GC/MS/SCAN THRIFE L 1. BB
ld ESBO FEMFERE % H O TR L 7.

6. ¥+ v T—UVThOHETNSHDOEE

GC/MSOD L= At vra= &3 acBVWT,
ESBOLIADE = D= R Ry b BT —F R—2ic &
DiE L, AR EHEE I NS, BEAEA O

BRI AREL, BEBERB LU R 27 b s—E
TEHEIEICLDHERL .

7. F oo T y—UrTOMERH

) XA vvad A RIS

SR DR ABILR TRICREN LSS FTHRLL
%, Bl Ems v THUBRPICAN, REZBREL
to. BEAEEUAESICREREEE TS LML

2) FT-IR

HEE A7 b v-~F3 2y @ N IREIC—BRREL
%, EERTHESETCFTIR O 2RSNRIAIEERICED
AFE L7z, BoNffmARIRA =7 b VEEEZ ~T L
EHE L THE R .

ERFERBLIUER

1. F+wTOBRELUS—U TOHE
HHEOTIBICHEBET 2 MERML 103 RIEZINEL
FRLDEEF v v IBIUBHRINALY—-) Y TIZow
THEEET-7. 2055, AFARINO* v+ » TOE
W, v—U v oMEB LU ESBO &F &% Table 1 i
L7

AENE L 72F v v 7R ZF OTRD S5 T O 4 I
SEHaN, R Ya—F ey TR AROOR VIS
b THFr v 7R UDEESRTEY, WE, HE <
FH—X, BE—F oy YNy —HEBRETHERINTL
fo. ST F e TEF vy TICF VTR BE O Y
by, OO VELLEG->THERHINS, Vv b,
E—7—F, LIZEY, B7Lr—72, XXy —HE
5ok CiERS N, SEIOEECEESE» o/, i,
FLRAVYYALRNPDF vy 7TE, F vy 7HEIICE
ety — 0 v IIHICHO R VIEVIAATEEREAS
HEEETEEERR VW TBY, YE—-T7—-FB
LU L N=—R=XbPD2AIBETH > 7. —7, BN
Ty —=FN—7 PP)* vy TRMES TN =9 ATH
Bick v 3 v v HATEW L CRROIHLEES DT, /)
BoOfRE 4 BiRicER s TV

NAWY 2 54 YRIEB L OFTRMRINR R Tk D
=) S OMBRHMAETT - E A, 103 A 100
B OT% B PVCTH-1. £, PP+ v 7D2RR
EMREYVTF LY (PE), R7 Ja—Fvv 701 BREN
T UNEIETH o7, TOLDILY— Y ISOMER
F v o 7ORRPABERICOLD ST, KEHHPVC
TH -7,

2. ¥=UvhDESBOEFHE

ESBO @HEN LEHEICT NTO v~ ) v I SBHE
nt-5, ZOSHEEIE 0.006~424% REHC LD 1A
EhoESRONI. v— ) v 7OMERITE, PEB X
U7 2 ) uiEElE 0.006~0.148% & B - 72h5, PVC
£13 0.045~42.4% EILWVEDSH » 1<,
HNEERBICHET B E, RE—T7—F, Yy oBLU
A =2 DY) VTR 20~40% EEHW
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Table 1. Food Type, Cap Shape, Sealing Resin and ESBO Content in Cap Sealing for Bottled Foods
)
Food type Cap shape? Sealing resin Number of ESBO content (%)
samples Minimum Maximum Mean£SD
Baby food PT PVC 19 21.0 29.3 248%2.1
Lug PVC 6 31.5 35.5 338+16
Jam Lug PVC 23 3.80 424 30.8+11.7
Screw PVC 1 — - 1.10
Tsukudani® Screw PVC 8 0.089 15.1 2.36+£5.16
Lug PVC 4 319 375 34.7%£25
Fish products Lug PVC 6 0.659 38.0 27.1%£134
Screw PVC 5 0.045 30.9 182+129
Vegetable products Lug PVC 6 1.88 36.3 28.3+13.1
Meat products PT pPVC 2 187 24.2 215
Pasta sauce Lug PVC 4 26.5 37.6 327146
Seasoning® Screw PVC 3 0.519 14.2 5.33£7.68
Lug PVC 2 0.438 27.0 13.7
Mayonnaise Screw PVC 3 13.1 195 172436
Bread spread? Screw PVC 5 0.095 0.685 0.3641+0.252
Lug PVC 1 — - 35.6
Screw Acrylic resin 1 - - 0.148
Beverage PP PVC 2 8.37 9.22 8.80
PP PE 2 0.006 0.012 0.009
Total 103 0.006 424 22.1

a Tug: lug cap, PT: press-on twist cap, Screw: screw cap, PP: pilfer-proof cap

b Tsukudani: seafood or mushroom boiled in soy sauce

° Seasoning: soup base, spicy oil, fermented soybean and red pepper paste, grated garlic, etc.
4 Bread spread : peanut butter, black sesame cream and honey

Table 2. Cap Shape, ESBO Content and Other Plasticizers in Cap Sealing for Bottled Foods

ESBO content (%)

Cap shape Sample number Other plasticizers
Minimum Maximum Mean®+SD
Lug cap 46 26.5 42.4 34.2+35 —
6 0.438 456 2.55+1.79 DEHP, DINP, DIDP
Press-on twist (PT) cap 21 18.7 29.3 2465+24 —
Screw cap 10 5.30 30.9 16.0£10.2 —
16 0.045 13.1 1.33%£3.17 DEHP, DIDA, ATBC
Pilfer-proof (PP) cap 4 0.006 9.22 0.88%0.06 —

DEHP: di-2-ethylhexy! phthalate, DINP: diisononyl phthalate, DIDP: diisodecyl phthalate, DIDA.: diisodecy! adipate,

ATBC: O-acetyl tributyl citrate
—: not detected

EBFEERL, FWRE, ¥—F o vy - ED/ VBT
M1 & CERENTIZ1E 20% DUT &8 - 7e.

7, F+ o TORRTHETSEE, PTH+ o 7T
~NTCESBOEEEWI8TR LI ELEL, PPF+ v 7
0% LT EEr ot —, 597 % % o 7 TRTDEL
PE20~40% EEmM - fehs, —HBIC IR KBEOSD SRS
Nt T, A7 YU a—F 4y 7T 0.045~309% &IF
LOERNKEM T

3. FETEEH|

27 a—Fp oy TRITF v TICBTBESBOE
HFEBO S>> X0ERERFLALETS, Fr v TORK
BXUOREREROEE I XD T 5L ESBOESHE
ORTRIc—EDERMB RSN B I LA L 7 (Table 2)
TEH| A5 ESBO ® & 03kt - W T ESBO &FE % HiK
F2E, SUF ey THEH2% EREDES, K0T

PT * + v 7H245%, 227 Y a—F+ v 7H160% T
HY, PP+ v 7 Tld088% L& -7, —7, ESBO
DA OEBRISKBHENLT T+ vy 76 REB LT R
7Y a—F v 7 164D ESBOSEEIZ, 15255
BLU1.33% LW Fhn bK<, ESBO DADHEKED 1/10
VITTH -1

ESBO 04 shics 7d v v 7TBEURX 7 Y 2 —
* v v 7 Tld, ESBO TR & L CHERICAMEN
TWBDITKL, foTBHHET ZHGICREN LN
FEEHITH YD, ESBO REEHEFALEAIERL LT
WEHDERINE N b L HES N

Pk, $+vv7v—Y v/ HOESBOEEFE
B+ v v 7RIC L - THENRRON B, ThicdkET
BEBROEEIC L D KX CRBUD T EBAL .
HEFTSERELTR, 7B Y @ FNF VI
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2500, W MWD < ELE E OEREIC & D o BEIC AR
BANTEAIEERELTV A, '
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EB X USRS ~D DEHP Off gt asncc &
Mo, Y=Y v SOEABRN T 7 VERT XTIV S
ESBO it a N TE /T &MRE N,

#® #

OHIEOHERROESEBF v+ v 7 103 BKIC> 1T,
ek, ®fantv—1) v 7 OME, ESBO&FE, HE
WA EAFAE L, v S OMEI 97% SR Y
e =LThHh, T—ERE)zFLryB8EUTIY
WS TH » 7. ESBO kv — Y v 7 oLkikd 5 0.006
~424% OEBETCHRIEN, -7~ F, Yy bl
ETREL, BB ETREr o F, 0¥ T
PTFULRAYYA A MFyy TTHEHEL, BTy =7
W=7 F 3w 7TIREL, A2V a—F vy 7TEHIESD
XPKEDoT. AV Ya—F vy TBIUS I F v v 7
O—» 5 12 DEHP, DIDP 1 & O B BEA S EE I N
Xh, Ihoov—Y v 7OESBOSHEEDOEEIE,
OM/OHEFRAEESE L VHDOD 1/I0 LT EEL -7, &
HOREEICLY, DHETHRETSE2F+ v V- ) ¥ ID
KBAMWESBOZESH L TEY, 80% ERERITH 5
T EHPERL 7.

Boo®m

AR O~ IZFR 16 EEEAEFBLHYFEBEHEDS
BROLZEEEEHEETEEE ARARE - BHEE%
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Determination of Epoxidized Soybean Oil in Bottled Foods

Yoko Kawamura', Shinji KannNo, Motoh MuTtsuca and Kenichi TANAMOTO

(National Institute of Health Sciences: 1-18~1, Kamiyoga, Setagaya-ku,
Tokyo 158-8501, Japan; T Corresponding author)

A determination method for epoxidized soybean oil (ESBO) in bottled foods was developed
and used to survey bottled foods on the Japanese market. The amount of sample required was
decreased to 20 g and the standard addition method was adopted for the quantification, because
lipid in foods interrupted the hydrolysis of ESBO. The recoveries were 87.1 and 98.9% and the
determination limit was 5.0ug/g for a 20 g sample, be cause lipid in foods interupted the
hydrolysis of ESBO. The recoveries using the internal standard method varied widely, because
hydrolysis of the internal standard, cis-11,14-eicosadienoic acid ethyl ester, was affected more than
that of ESBO by coexisting lipid in the sample. ESBO was not detected in any of the bottled baby
food samples examined (14 samples), though it had been frequently detected in previous European
surveys. This difference may be related to the low fat content and low fluidity of the bottled baby
foods retailed in Japan. On the other hand, ESBO was detected at levels of 25.7-494.0 ug/g in liver

paste, pasta sauce, Sungan in spicy oil, and spicy oil.

These foods had higher fat content and

higher fluidity. However, ESBO intake from these foods appears unlikely to exceed the TDI in the

EU (1 mg/kg bw/day).

(Received March 2, 2006)
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T R F VLREH (ESBO) if, KEMdo x5 REafilg
B ThrtvAd vBBLUY / - VEBRO EEES S AR
{LkEPBMILBIC XD RF ULLELbDT, 52
Fu o QE[BRELREERELT, RVELE=L
PVOYBIDF v v Y=Y VIR Ty 77 4 M LEHILIC
ELERAEN TV A,

Castle bR F v v 7V —YU Vs, 5977 4 bnisd
BE7 525 » 7 8IFICESBODPETFT 2 L2 R0V
LY, ZNoXERICHEBITTZIEEFHLMITLADS,
5T, 1997 HEM S 2002 Fiic T3 — 0 v N THRES
NE—7— Ffo ESBO IcBd 2@/ ENITHOA, ¥ —Y
VI OBITLEERBEDESBOBRE -7 — Fh ok
a9 Fantoni & OEiENC L, BE~NEe -~
7 = F 248 fAD 5 B 95 Bk » 5 ESBO SR x h

ZOEEI315~1352mg/kg TH -7, ITHhoDH
PPt Ts
* EVERRESEETER: T158-8501 HEHHAEALSK
A" 1-18-1

15% 330 mg/kg LIEEBLTBY, 4% R3EMNES
(EU) oBBITERBROREMETH % 60 mg/kg 2HBA T
Wi

ESBO @ﬂré K25V TH, 1995 FEh SN ERESDER
M F L B4 (SCF) TEEUFMmMAITbNh, 5 v bD2
Efaﬁiifg?’%%aﬁ%ﬁwmﬁm JUBRoEEENCHT 2k
REHE 140 mg/kg AE/BE2 b &I, WEME—
BHUE (PTDI) 1 mg/kg A&/ B0RES N, 1999 Fic
EX72 TDI & ant, 2004 Ficd, BREmNY - &5 -
IR - ARREMIRE Y2V (AFC) BAXE — 7 —
FOREHEREE LD, AYMBIEIEEL I ORBEENVE
, L LBREHENEVIH, 6~12»HKETIE TDI
D 4~5fELI it 2AIHEMES S B L4 L, ESBO O
HEMEEZREST B LD ICBE L7Y.
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1. & #

AR RVEfbe=VBly— ) v IrngERIhicg
B vy 7 TEHINLSS AMEAR 20 E (NE—
7= F 148k, Los——2 b 28K, w3 XX, ¢
Ay =R, FT—lEFA T, T—HE1BRE

LRIV RRE—7—F. LMLV TFADRE—7T —
F 2k (No. 1 ¥+ v EHFEDONY T, No 2 [ &8
OFUES A1)

TN 513 2004~2005 FEICHFEEAL L UHENER
THEAL.

2. & -3

ESBO: T#H, 71 b TEEOR (= R+ vk
EOfK: =¥+ b4 v vEE40%, =R F (LY
/ —VEE-125%, [E-2 35%)

T by, Vriuvmityy, ~NEH v BREBHEAN
A, Blkrryoa, 224-bY 2AF Ry v HE
MLy T=eTIWE Y v F Vet (BB

vomRyy )y FEY, =7 bR EYIF
I - F VK 1114V RFvafay Bz F
(cis-11,14-eicosadienocic acid ethyl ester): FiE 98%
Pl Sigma-Aldrich #+%Y

7k: MILLI-Q SP (Millipore #18Y) iz & 2 #B#iK

Y FA VEEA F VR n-b ) FA VB A F OV (R
bR TEGOED 400 mg 2BV O L, 7E Fv-—~F
+ (3T IBRICERL T 20mL & Lk,

FPYT LA NFYNER FrYoLXbESF (B
B 95.0%, FUMbETEGOR) 100mg =2 7/ —IbiZ
BRELT100mL & L.

ESBO #E#e&E: ESBO %2 Y7 muo X ¥ VILERLT
10 mg/mL & U7z,

3. EEHLURE

HRA7 v b5 7 /BESWE(GC/MS): GC 6890
Series PLUS, MS 5973 LI Agilent #1#!

+EJF 4+ —: POLYTRON, Kinematica AG &

FLVBFELERE . CVE-100, HRIE/LZEM R 8

4. GC/MS R

# 5 4. DB-Ems (B & 16m, R 0.25 mm, IKE 0.1
um) Agilent &, # 5 4 EE: 140C—10°C/min—
300°C (15 min), FAORE: 260C, FZ3 27 7—3
4 VIBEE: 280°C, 44 v{bzxAF—: 70eV, F+
¥—#H2Z: He 20 mL/min (EH&E), FAE: 1ul, X
71y bE 1001, BIEE—F: SIM, EERAB LU
HHT7S AV MAA Y. m/z 3687 BLU L5 (4 v
fbA VA VR, m/z809 B&L U277 (= HF kY / —
V)

5. HEBARORES

1)
HERLEEREVFA ¥ -t L oig— (Ll kE
L, S—MiEA voidxAv=0saiXE e L. 2020
gHEE—H—ITHY, TEbr-—~FHv(1:1)IERKI00
mL A2MATHhEIF A4 F—ToL ALK, EEEHD
BT b y—~F4 v (1: 1)K 100 mL 204 TH
EhdiBAL, EiEEabe THEKRES P v L850
gxMA .. AHEABEIT-> TAHREBEMMDOF 275
2D, o=y ) —xNEL— 5 -THEEEFELT
BSOEEZAELL. Uk, BE»07gllEicisf
B, TO—ER - THEEMETOD, ThEdbOD
USIEEEENEEZ L EICBED 07T g UTIREA LD
FEHREUE A U .

2) FEEALEB LU GC/MS HIE

S P Yva R bF Y FERK S mL, KRR
Y a2 g AMATREML, BR%0COERT v~
NN THEEENRA LSS 2EBEMEL . BE
ERRER, 224-F Y AFNRY S EML, YRy
g/ v3mL, Z7v{bdoRYTFLT—TIVEKOS
mL ZMA CED 30 RS 5 L. 2mol/LigL
F MY U LA I0mL 2INA THI0MEIRE S Lk
BARBAKE LT GC/MS/SIM THRIEEL, = #+ vt
) = VEBOD 2D Y — 7 OFEAFAN.

3) EEEFRINE
FEHizBwToEF L) —VEESIRE SIS
i, BERINEL LD EREZT - 4Bor—-h-T¢%
i 1) EEIBOREPER D, MR- TRIEZT- 12,
7L, EEIBVTESBO &FESEHD TH W & ¥l
X, HEeldo ESBO Bk & % 600 ug LIT
KB & ICHEHRIEZR U, BohiEsDs b2
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EEMML 2) O FEA(LETT - /2. ESBORIE & GC/
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(A) Retort baby food No.1

LA a s
9 10 1 12
Retention time (min)

a (B) Spiked with ESBO
(151 9/g)

S0

b C
oty Ak.
9 10 11
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Fig. 1. GC/MS chromatograms (m/z 309+ 367) of retort baby food and the spiked with ESBO

a: derivative of epoxyoleic acid

b: derivative of diepoxylinoleic acid isomer-1
c: derivative of diepoxylinoleic acid isomer-2

Diepoxylinoleic acid isomer- 1

200
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Peak area ( X 10%)

0 ) 1] )
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Diepoxylinoleic acid isomer - 2
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0 i ] 1
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Fig. 2. Peak area of diepoxylinoleic acid isomer 1 and 2 spiked in residue of retort baby food No. 1 and No. 2

Indicated fat content: No. 1—3.3%, No. 2—0%.

SIM & — FCHIE L 2% —75, REBAROHRIEL,
EUlc B 2FHEY»OLEEIC Castle 5D HE?2, F b
LK 30 g icREEEE LT 1L14-Y xR+ vz a4y
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THIEER A 12

RN B VT, 28 v{bd V1 VEBRBEIBEIC
sk Fig 1), cox £+ bt L1 v,
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RE ML D EHRIENTVWEYO —F, =&+
by s —ngERe REShish -7, Z0ky, BRd
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AEd, z8F L)/ —ABO 2 KDY~ 7 245HO
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1L4-YzRF v A a4 VB F VO—ED, »F L
SNTRIFAMEDZTEVFFV 5/ {LanTVEDOLTE
Hahiz, Chodlihs, BsBEN1gLITTH-T
b ESBO @ x 2 7 VA EMES R LD LHEE SN
ZIT, ABREAE30gh520gBELELECA, K
ISRONEEIRI 59, Eoo&E s/ &<, ¥—2ik
EbHEINL UL, EERZPNo 2LHKT S L
No. 1 @ E— 758 3P0 ED - 72,
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Table 1.
Standard Method

Recoveries of ESBO from Spiked Retort Baby Foods Determined by the Standard Addition Method and Internal

Indicated fat Determination

Recovery

Sample ..
content (%4) limit (ug/g) Standard addition method Internal standard method
Retort baby food 1 3.3 5.0 87.1178 111.2+12.3
2 0 5.0 98.9+2.3 955+59

Samples (20 g) were spiked with 15ug/g of ESBO.
Each value is the mean®SD of 3 trials.

Table 2. Food Species, Fat Content, Cap Shape and ESBO Contents in Cap Sealing and Bottled Foods in Japan

Indicated fat

ESBO content

F Cap shape

00d (Company) content (%) ap shap Cap sealing (%) Food (ug/g)

Baby food 1 (A) 0.1 PT 21.0 <5.0

2 (A) 1.3 PT 26.9 <5.0

3 (A) 2.9 PT 24.3 <5.0

4 (A) 1.7 PT 254 <5.0

5 (A) 2.0 PT 25.3 <5.0

6 (B) 0.2 PT 29.3 <5.0

7 (B) 0.2 PT 28.4 <5.0

8 (B) 0.3 PT 23.1 <5.0

9 (B) 1.4 PT 23.2 <5.0

10 (C) - Lug 35.0 <5.0

11 (C) - Lug 35.5 <50

12 (C) - Lug 315 <5.0

13 () - Lug 324 <5.0

4 (C) - Lug 33.6 <5.0

Liver paste 1 13.0 PT 18.7 25.7

Liver paste 2 9.5 PT 24.2 <125

Mayonnaise 76.9 Screw 13.1 <50.0

Pasta sauce 7.2 Lug 32.8 59.3

Sungan in spicy oil 17.1 Lug 30.6 67.4

Spicy oil - Lug 27.0 494.0

Lug: lug cap, PT: press on twist cap, Screw: screw cap
—: no indication
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Analysis of vinylidene chloride and 1-chlorobutane in foods packaged
with polyvinylidene chloride casing films by headspace gas
chromatography/mass spectrometry (GC/MS)
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Nagoya 467-8615, Fapan and *Division of Food Additives, National Institute of Health Sciences, 1-18-1, Kamiyoga,
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Abstract

A headspace gas chromatography/mass spectrometry method was developed for the simultaneous determination of
vinylidene chloride and 1-chlorobutane in foods packaged with polyvinylidene chloride casing films. The solid foodstuff was
homogenized with an equal mass of distilled water. The homogenate was incubated for 1h at 90°C in a sealed headspace
vial, and the headspace gas was then analysed by gas chromatography/mass spectrometry in selected ion-monitoring mode
using a bonded porous polymer-coated capillary column. The recovery rates of vinylidene chloride and I-chlorobutane in
foodstuffs were 94.5-103.9 and 85.8-120.3%, respectively. Among 13 samples tested, vinylidene chloride was detected at
0.001-0.020pugg™" in 11 foodstuffs, and l-chlorobutane was detected at 0.004-0.040ugg™' in all 13 foodstuffs.
Furthermore, vinylidene chloride was detected at 0.04ugg™" in one casing film, and 1-chlorobutane was detected in all
casing films. The results indicate that these compounds migrated from the casing films into the foodstuffs.

Keywords: Vinylidene chloride, 1-chlorobutane, polyvinylidene chioride, casing film, packaged food, headspace gas
chromatography/mass spectrometry (GCIMS)

Introduction 1.6-26.2pugg™" in various household and industrial
films (Birkel er al. 1977; Hollifield and McNeal
1978). Gilbert et al. (1980) also found VDC at
0.005-0.01 pgg~! not only in PVDC films, but also
in film-packaged foodstuffs such as cooked meat
products. The results indicated that VDC migrated
from PVDC packaging films into foods. However, it
was not detected in PVDC casing films or household
wrapping films by Motegi et al. (1976) and Tan and
Okada (1979). The UK Food Standard Agency
(2003) reported no detection of VDC in PVDC

Polyvinylidene chloride (PVDC) has an extremely
low permeability to gas and water vapour. It is
suitable for the long-term preservation of food, and
is widely used in the food industry and domestic
applications for food packaging as a casing and
wrapping film. In particular, PVDC casing film is
frequently heated to more than 100°C for steriliza-
tion with hermetically sealed foods and is used in
direct contact with foods for several months during
storage. Therefore, residual chemicals such as the

monomer, additives and impurities in the film may films and.foods. b b Oh
migrate and remain in foods. A previous paper by the present authors (Ohno

Vinylidene chloride (VDC), also known as et al. 2005) developed a headspace gas chromato-
1,1-dichloroethene or 1,l-dichloroethylene, is a graphy/mass  spectrometry (GC/MS)  analytical
volatile toxic monomer used in PVDC polymeri- method for residual vinyl chloride and VDC.in
zation. Several surveys of residual VDC in PVDC polyvinyl chloride and PVDC products. During
films were carried out in the 1970s and in 1980. development, an unknown peak was detected from
Among these surveys, VDC was detected at some PVDC casing films used for sausage products,
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which was identified as 1-chlorobutane (1-CB), as
described below in detail. However, no reports have
been published on the presence of 1-CB in PVDC
films. The purpose of the present study is to
investigate whether VDC and 1-CB are present in
foods packaged with PVDC casing films, such as
sausage, fish sausage, boiled fish paste (‘kamaboko’
in Japanese) and cheese. VDC and 1-CB were
determined simultaneously in 13 foodstuffs by
the headspace GC/MS method developed for this
purpose. Furthermore, these compounds in the
casing films were analysed by modifying the above-
described method for vinyl chloride and VDC.

Materials and methods

Chemicals and reagents

Vinylidene chloride (VDC, 99%) was purchased
from Aldrich Chemical Co., Inc. (Milwaukee, WI,
USA). 1-Chlorobutane (1-CB, >98%) and N,N-
dimethylacetamide (DMA, special grade) were
purchased from Wako Pure Chemical Industries,
Ltd (Osaka, Japan). 1-Chioropropane (>99%),
which was used as an internal standard, was
purchased from Tokyo Kasei Kogyo Co., Lid
(Tokyo, Japan).

Standard solutions and internal standards

Stock solutions of VDC and 1-CB were prepared
in DMA at 3000 and 1000 pgm]"l, respectively.
Working standard solutions were prepared by
diluting different volumes of individual stock
solutions with DMA. The concentrations of VDC
and 1-CB were 0.6-60 and 1-100 ugml_l,
respectively. Internal standards were prepared in
DMA at 100ugmi™' for foodstuff analysis and
at 1000pgml™' for film analysis, respectively.
All solutions were stored in a freezer at —20°C.

Samples

Thirteen samples packaged with PVDC casing films,
such as sausage, fish sausage, boiled fish paste and
cheese products, were purchased at supermarkets in
Nagoya, Japan in the autumn of 2004. At the same
time, sausage, fish sausage and cheese products,
packaged with films other than PVDC (polyethy-
lene, polypropylene, nylon and cellophane), were
purchased as analyte-free samples. All samples and
analyte-free samples were stored in zip-lock plastic
bags at 4°C and analysed before the best before date
within 1 month after purchases. Consequently, the
samples had been packaged with the casing films
for 1-2 months, except the cheese products,
until analysis. The cheese products had been
packaged for 5-6 months.

Foodstuff sample preparation

The foodstuffs were removed from the casing
films and immediately homogenized for 1min at
15700 rpm using a food blender (Oster 16 Speed
Blender) with an equal mass of distilled water cooled
to 4°C. The homogenate (5g) was weighed into
a 20-ml headspace vial and the internal standard
(251 of 100pgmi™) was added for foodstuff
analysis at a level equivalent to lpgg™! in the
foodstuff. The vial was immediately tightly sealed
with a silicone rubber septum with polytetrafluoro-
ethylene (PTFE).

Film sample preparation

The casing films were prepared by modifying the
previous method (Ohno et al. 2005) as follows.
After removing the contents, the films were washed
with tap water and wiped with a soft tissue to remove
food residues. A sample (0.5g) was cut into small
pieces (approximately 0.5 x 0.5 cm), then dissolved
in DMA (2.5ml) in a 20-ml headspace vial and the
internal standard (25 ul of 1000 pgmi™!) was added
for film analysis at a level equivalent to 50 ug gt
The vial was immediately tightly sealed with
a silicone rubber septum with PTFE.

Headspace GCIMS analysis

The vial was incubated for 1h at 90°C with
occasional shaking, then the headspace gas (0.5ml)
was removed manually using a 1-ml Pressure-Lok
gas-tight syringe (Precision Sampling, Baton Rouge,
LA, USA) and injected to the GC/MS. For the
calibration curves of sausage, fish sausage and
cheese, analyte-free samples identical to those to be
analysed were homogenized as described above.
Standard solutions were spiked in the respective
homogenates (5g) at levels equivalent to 0.0024—
0.24pugg™! for VDC and 0.004-0.4 ugg™! for 1-CB
in foodstuffs. The calibration curve of fish sausage
was also used for boiled fish paste. For film analysis,
standard solutions were spiked in DMA (2.5ml)
at levels equivalent to 0.06-12pgg™! for VDC and
0.1-20ugg™"! for 1-CB in the film.

GC/MS analysis was performed with a HP 6890
and 5973 GC/MS system (Hewlett Packard, Agilent,
Palo Alto, CA, USA). The GC conditions were
as follows: column, CP-PoraBOND Q (0.25mm
i.d.x25m, 3um thickness) (Varian, Palo Alto,
CA, USA); oven temperature, 80°C (for 1 min)
at 10°C min~! rising to 250°C (for 10min);
injection temperature, 200°C; transfer line tem-
perature, 250°C; carrier gas, helium at 57kPa
(constant pressure); injection volume, 0.5ml (split
ratio 10:1). MS conditions were as follows: electron
impact ionization mode; ion source temperature,
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230°C; ion source voltage, 70 eV. For quantitative
analysis, the GC/MS system was operated in selected
ion-monitoring (SIM) mode. The monitored ions
were m/z 61, 96 and 98 for VDC, m/z 41, 43 and 56
for 1-CB, and m/z 49, 63 and 78 for the internal
standard. Calibration curves were constructed by
plotting the peak area ratios of VDC (m/z 96) and
1-CB (m/z 56) versus the internal standard (m/z 63),
respectively. The limits of quantitation were set at
a signal-to-noise ratio of 10: 1. The GC/MS system
was operated in full-scan mode to identify an
unknown peak. In this case, 1 ml of headspace gas
was subjected to GC/MS with a split ratio of 5:1
for highly sensitive detection. The mass spectrum
referred to the National Institute of Standards
and Technology (NIST) database.

Results and discussion
Identification of an unknown peak

A major unknown peak was detected from some
PVDC casing films for sausage, fish sausage and
cheese products at a retention time of 12.1 min by
GC/MS in full-scan mode. The total-ion chro-
matogram obtained for the casing film of sample
number 1 (sausage) is shown in Figure 1(A). The
mass spectrum (Figure 1B) agreed with 1-CB with a
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more than 90% coincidence rate by reference to the
NIST database. Accordingly, the 1-CB standard was
obtained and analysed by GC/MS in full-scan mode,
with the result that its retention time and mass
spectrum were the same as the unknown peak.
The unknown peak was identified as 1-CB.

Headspace GCIMS analysis

A CP-PoraBOND Q capillary column was used to
analyse residual vinyl chloride and VDC in polyvinyl
chloride and PVDC products, as reported by Ohno
et al. (2005). This column is a bonded porous
polymer-coated capillary column and is suitable for
the separation of highly volatile compounds includ-
ing VDC and 1-CB. Therefore, it was also used for
simultaneous analysis of VDC and 1-CB in the
present study.

In SIM mode, the ions at m/z 61 and 56 had the
highest sensitivity for the trace analysis of VDC and
1-CB, respectively. However, a coexisting com-
pound peak with nearly the same retention time
as VDC in several foods interfered with the VDC
determination at m/z 61. By using m/z 96, VDC
could be determined without interfering with any
compounds, while the sensitivity of m/z 96 was
a little lower than that of m/z 61.

VDC and 1-CB were quantified using the
internal standard method. The mass spectrum

A v
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Figure 1. Total-ion chromatogram (A) obtained in full-scan mode for the polyvinylidene chloride (PVDC) casing film of sample No. 1

(sausage) and mass spectrum (B) of an unknown peak.
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Figure 2. Mass spectra of 1-chloropropane (A) and pentane (B).
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Figure 3. GC/MS chromatograms for the foodstuff of sample No.1 (sausage).

of 1-chloropropane used as an internal standard is
shown in Figure 2(A). Initially, three major ions at
miz 29, 41 and 42 were monitored for 1-chloropro-
pane in SIM mode; however, these ions could not be
used as monitor ions because of interference by mass
ions of pentane (Figure 2(B)) with the same
retention time of l-chloropropane. In addition,
pentane was detected in many foodstuff samples in
this study. Thus, three ions at m/z 49, 63 and 78
were monitored (quantification ion: m/z 63) for
1-chloropropane and determined successfully with-
out pentane interference, although these were minor

ions. GC/MS chromatograms for sample number 1
(sausage) are shown in Figure 3.

Calibration curves and quantitative limits

The respective calibration curves of foodstuffs such
as sausage, fish sausage and cheese were linear in the
concentration range of 0.001-0.24ugg™" for VDC
and 0.002-0.4pgg™' for 1-CB. The correlation
coefficients were over 0.9993. The quantitative
limits were 0.001 ugg™" for VDG and 0.002pugg™!
for 1-CB. On the other hand, the calibration
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Table I. Recoveries of VDC and 1-CB in foodstuffs.
vDC 1-CB

Sample number Product Spiked (ugg™')  Recovery* (%) CV (%)  Spiked (ugg™')  Recovery* (%) CV (%)
1 Sausage 0.012 101.9 3.8 0.02 120.3 2.7
0.06 99.7 2.0 0.1 112.5 0.8
2 Sausage 0.012 103.9 3.7 0.02 102.2 4.6
4 Fish sausage 0.012 94.5 2.4 0.02 89.4 4.8
0.06 96.6 3.7 0.1 90.3 4.9
5 Fish sausage 0.012 95.2 0.5 0.02 93.7 1.6
6 Fish sausage 0.012 98.3 2.3 0.02 98.4 1.3
7 Fish sausage 0.012 97.1 6.0 0.02 85.8 5.6
8 Fish sausage 0.012 94.8 5.7 0.02 95.3 2.6
9 Fish sausage 0.06 96.1 1.4 0.1 97.3 2.9
10 Boiled fish paste 0.012 96.5 0.7 0.02 101.3 2.1
0.06 97.7 2.9 0.1 103.5 1.7
12 Cheese 0.012 97.3 7.4 0.02 97.3 5.9
0.06 98.4 7.6 0.1 102.9 9.2

* Average of three trials.

curves of the casing films were linear in the
concentration ranges of 0.03-12pugg™! for VDC
and 0.05-20ugg™' for 1-CB. The correlation
coefficients were 0.9995 for VDC and 0.9992
for 1-CB. The quantitative limits were 0.03 ugg™"
for VDC and 0.05 ugg™" for 1-CB.

Recovery

The recovery test was carried out in three trials for
each concentration and performed by spiking VDC
and 1-CB in ten sample foodstuffs (numbers 1, 2,
4--10 and 12), as shown in Table 1. Both compounds
were spiked at levels equivalent to 0.012 and
0.06ugg™" for VDC and 0.02 and 0.1ugg ™" for
1-CB. The recovery rates were 94.5-103.9% for
VDC and 85.8-120.3% for 1-CB. The coefficients
of variation were 0.5-7.6% for VDC and 0.8-9.2%
for 1-CB. A satisfactory recovery was obtained
using the proposed method with good precision
and reproducibility.

Lewels of residual VDC and 1-CB

Table II shows the levels of VDC and 1-CB
in 13 foodstuff samples. VDC was detected at
0.001-0.020pugg™" in 11 samples and 1-CB at
0.004-0.040pgg™" in all. In casing films, VDC
was detected at 0.04ugg™' in only one sample
(number 1) and 1-CB was detected at about
0.3-9.2ugg "’ in all samples. The results suggested
that VDC and 1-CB in the casing films migrated into
the foodstuffs and remained during storage, while
almost all residual VDC in the films was lost due to
volatilization during food processing with heat,
and a long storage time. Consequently, VDC was
detected at a low level in only one sample.

Table II. Contents of residual VDC and 1-CB in samples

Sample No. Product VDC* (ugg™") 1-CB* (ugg™")
1 Sausage 0.020 0.040
2 Sausage ND 0.013
3 Sausage 0.003 0.022
4 Fish sausage 0.008 0.022
5 Fish sausage 0.003 0.008
6 Fish sausage 0.003 0.011
7 Fish sausage ND 0.005
8 Fish sausage 0.011 0.024
9 Fish sausage 0.003 0.005

10 Boiled fish paste 0.001 0.004

11 Boiled fish paste 0.005 0.018

12 Cheese 0.009 0.030

13 Cheese 0.010 0.031

* Average of three trials.
ND <0.001 pgg™.

Regarding the 1-CB levels in casing films, there
was some doubt about artificial generation.
Accordingly, when the PVDC casing films were
heated, 1-CB generation was confirmed from the
films experimentally. This suggested that 1-CB
was generated in the films by heat during the film
manufacturing process. However, since it could also
occur during the heating process in headspace
analysis, the detected levels (about 0.3-9.2pgg™")
might have been higher than the true levels.
A method to obtain accurate 1-CB levels in
the casing films has not yet been established.
Considering the 1-CB detection from all foodstuffs,
it is concluded that 1-CB was generated during the
film manufacturing process and migrated into the
foodstuffs.

The International Programme on Chemical Safety
(2003) set a tolerable daily intake of 0.05 mgkg™!
body weight for VDC based on the critical effect from
oral exposure, minimal hepatocellular mid-zonal fatty





