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Abstract

To identify effective food packaging compounds that could significantly affect the freshness of stored food, the
efficiency and performance of porous polypropylene film containing mustard oil as a freshness maintenance ingredient
was studied by GC-MS analysis and storage testing of bread. AITC (allyl-isothiocyanate)-emitting properties of
films impregnated with mustard oil were evaluated by GC-MS. AITC was extracted from mustard oil, and used
as a vapor as an effective antimicrobial agent. Films were prepared under four different conditions (the film types
were abbreviated 25SF1, 25SF2, S0LF, and IAF) and the amounts of AITC inside vinyl packs constructed using
the four films were measured. The results showed that the 25SF2 film (width 25 mm, length 20 cm) yielded a
greater amount of AITC than did the SOLF film (width 50 mm, length 20 cm). We confirmed that the amount
of gas emission showed better between layer and layer of the film side than the intemal film. In storage testing
using various films at 35°C for 25 days, 25SF2 film provided excellent preservation of bread compared with SOLF
film. This was in line with the fact that 25SF2 film yielded the highest amount of AITC. Emission capacities
AITC of 2 cm film were measured using bottles various volumes (43 mL, S00 mL, 1000 mL) and both closed
and open systems. The AITC content of the film in 43 mL bottle was much higher than that yielded by other
films in the closed system, and AITC was rapidly emitted, with relatively low residual gas emission after 4 days
in an open system. Mustard oil is a useful freshness maintenance ingredient hence, analysis of AITC emission
kinetics from various films were helpful to develop films with optimal antimicrobial effects, and will allow application
of such films in food packaging systems.

Key words : antimicrobial, freshness maintenance, mustard oil, AITC, emitting, polypropylene

- 810 -

M B FE7IHE A T ATH12). HT S0 AN F
T87} FFIHA AFY AHEG45)00 gk Falo] A
A v AFHE gy A% ol = ety WA A Y= 7k il PAEY] WS Folal AFY
I e =] o5t RS dod Uk AFY AL AZAE A3 st e EAE6,7)0) AR 5SS B
2Fo] QiEwste} Alx 34 FY o7 aglel ) vk UTE TR ol gk H Aol st FAlo] FolAW
stAl WstEold = ok A xFL AFe HAS A 3 st BEARG HA it EES o83k WHE
TS g s Wk oy FA B A o 89)°] o7 744 SHolA A== ok A e
gt E29] sl Allyl isothiocyanate(AITC)w= 151 ],

= w o o
TCorresponding author. E-mail : kykim@seoil.ac.kr, q/\}:}’oﬁx} i‘jﬁ_%ﬁitﬂl O%L %EO}]HE;]%?J?
Phone : 82-02-490-7360, Fax : 82-02-490-7456 Mg A4S ErHeR SARH0. WAt



AHE FA 4%

RS

o
e

A=

(family cruciferae)ol] <3+ Al9], Az, vh=, Ay, vid
g} 59 AEZRE FE AFAEAEE Tl AR 1A
£ 3% a7t 7P 3A JERTHLD. B3 A AE s
o] gFgolde 1 ALl mEt tREd AR gl
A AE F Ae AITCE 71AE HEE 53 4810
o aaFo|th12). AAFslH A& AlEE o] E4EUS
] myrosinase®l] 2J3ll glucosinate”} 7FEE] EHHA]
thiocyanate -, isothiocyanate, nictrile, glucosef7} A443
¥ =H AITCE isothiocyanate 2] 3 F-F°]th(13). ©] &
22 3ol At 59 vl 719 A=A, 71
o] E4E 7HAM s st €435 UERATH14,15). AITC
o] gt a7 UJL Tl F FXE uptal AkA Y
o] &S JAEIA A TA Y S-S Walsith= A
(16)7} Breg]ote] A Zu-S & FYSIAIA AlZuje] 74
AR 758 oA v ok < A & iRg

= A7), 18l o|FsHEe] &S T oA EAY
B0 vy wF(18)%] Ao R YEhar glou ofF
435 A g AA = @ttt AITCE 2F 52 H%
2o A&t Aldl= oMM EAY] EFAME O E ARt
A7 A9 A7) el AR FEES 283
FAAAT0) 2 AEAN} ol TRl HET
£ A x21), AAE HL5 AT {FAAE FAE

o

o
oX,

st SFEZE7I FAe)T 47 Tl ey 1
Fsd AR Al A-E3 A7} vhFskA] ek AITCe]
3L R

H

FaA)20] Ag-o AR-9] Mitsubishi-Kagaku FoodsA}l]
SPApH] 2 Az} gFe] ARG o] 83 A EEIY Y] &
Mste] TAlE x4l o]85 1 Yo Il A=
2 IFLAZ O AG At v Este] st AL

a1 e Aotk AITC7) v g5 = AR
=52 AR FAAR 3 BES Alxste] duE 2
2uko] =9 Wl Q219 FFo] WS Fo
A7) A% AHE FES 5 Yk wEkd] B AT
Me AR A JERoz Ad a4 249 AARS
Ag3tal 3 BES Ax3Y TFAA 2 H 8-S
FolH sh= Aol tg AR Hste] A= FAA17F
x3 o "MSDE &3
A5 N 2 AAE A ol 283l f%

=

A

—4

2

7

N N

%o

=

o]

= FAA, B35 200 oehS 80% (wiv)2k HEA B4
QA AE(EEHSTAIAL, ) S 20% (wiv)E 3
2449 SXHZA] 70% (wiw)oll A& E2A AR

% 03y 9B 459 &

olr

811

F (BT 3AL 3 30% (wiw) = H7leke] BHERiTh

2EM=

EAE e Axsp] A8 EFHZ2LY BEE AR
st2 20 ume] T2 40 ume| FAE Zhe= FEO
AREEATE 20 ime] BES Bl w4s TS

ol AR 7150l AE ] o] BE T Aol
Exso] e A Fd 240l 71eE T SA=E
HEY o =5 5kal 40 ime] 52 B7-oll= 7150
G50l A Bore A Exd Pt S0 9F
EHEHA RS she AR A Aes 3Tt
4 A= AxsT23). o9 v BE<) & 25 mme}

Z10] 20 cm(small size), 250 mme} 2] 20 ecm(large size)<!
I 7FA] A}o]ZE 25SF1(25 mm small film 171), 25SF2(25
mm small film 27J)), 50LF(50 mm large film), IAF(Imported
articles film) 47}A] Z7Ao 2 A¥ o AFESHATH
MMz FX| MBS HETM AT

98% =9 AT FAAHEL AR 02 g& ethyl
acetate®l] =34 100 mLZ F3 ¥, 20 pgild] 15893
etk o] AL 343k 1.0 pg/il, 0.2 pg/hil, 0.1 pg/hil,
0.02 pghil, 001 pghiLe] §-HE THEOJA o] Fole 1 LA
3t GC-MSDZ #Aste] A=A 23 43S okl
GC-MSD E41%7-8 Table 19] YERHSITE

LEE H|E o ZKo| 37| Fol| =&tE AMME FX|HES|
¢ =3

H]D2(26 cm x 28 cm) 7ol Afo]= W E THEO|R 471K

2 279 filme 20 cm® Z2kA Y3l Food SaverAHdH
9] AFEG7IZ DEATE FY 3AIKE ol vl )
o] 7141 gas tight syringe® 0.5 mL% 33}l GC-MSD
2 BAsITE 28 Fof) 7IAIE Hste] 22 e R 24
39t &2 2 A : 25SF1, B : 25SF2, C : 50LF, D : IAF
2 ®7)8taA}; gt

YHE7| ¥ HE =X 2 S7|U EEo o= AlM
T #4829 & £H

3717 94& A 71A] £7](43 mL vial, 500 mL bottle,
1000 mL bottle)oll =71 2 em®] BE-S Zepr] Wi Last
S sl B A A ol &7)ollA BES Ao
head space samplerell 32 ¥ 80CZ 7123} 24 mL vial-S
AL 714 7 5 mLE FH 3t GCMSDZE #4515t 22
WO 14, 249 B $o &7]A BES Ao} +4
Sttt DH A 2 &7|Ue] FE Holsle A=
A R FS 278317 215k 24 mL vialoll 2 em 7]
o] BE5 e} ¥a DEs $ vialoll vlsS ZEobA 7|17}
712 Fpde o] wAUIIEE & JHE WAst] 3




812 FRAEATHE

3AIZE A7 2o vialol| 4] BE-S 7] head space sampler
of Y& ¥ 80CE 7193} 24 mL vial& e 714 F
5 mLE #H3led GC-MSDE EA39Th 22 Wjo g
19, 24, 49 A S LA EHR] &2 e vialol A
255 Ao £4sHAh

AME RX| M9

2.0 pg/uL, 1.0 pg/uL, 0.2 pgfuL, 0.1 ug/uL, 0.02 pg/uL,
0.01 pg/uLe] §H-& THEoX GC-MSDE E4)5te] 4
2~HEHL Fig 13 231 o] wl] AAFF-2] retention time-S
4.5 ming YERAITE 2 1 L E0lUdE A E FA
A0 g E xFOE, YAHAS yFOF sto] A 34
< 283 FAd AS T8k Fig. 29 YR AT

| H2=M

Abundance

1500000

1000000

| 500000

; 2 MW 536845/ R se“

niz=> 5 0 ¥ 4 45 ‘C 53 50 6 10 OB 8 % % 00 105 10

Fig. 1. Mass spectrum of standard solution(retention time: 4.5 min).
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Fig. 2. Calibration curve of standard solution(AITC).
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Fig. 3. Peak area of AITC inside closed vinyl pack by four different conditions films(during the day: 0, 2day; 2, A: 25SF1, B: 25SF2,

C: 50LF1, D: LAF).
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Fig. 4. Comparison area of AITC inside closed vinyl pack by four
different conditions films during lday(A: 25SF1, B: 25SF2, C:
50LF1, D: LAF).
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Table 1. Operating conditions of GC-MS analysis

o HP7694 Headspace Sampler

e HP6890 Gas Chromatography

® HP5973 Mass Selective Detector

Loop size : SmL

Headspace Oven : 80°C

Loop temperature : 90°C

Transfer line temperature : 100°C

Vial EQ. Time : 5min (80°C, 5min heating)
Column : 30 m X 0250 mm X 025 pm DB-1
GC Inlet : 100°C, Splitless

Carrier gas & Flow : Helium, 1.0 mL/min
Oven : Initial temperature & time 50°C, 2min
Temperature rate 10°C/min

Final temperature, & time 150°C, Omin
SIM mode, m/z 99

Gas Chromatography
-Mass Spectrometer
(Agilent, USA)

Headspace sampler

GC/MSD

MSD :

Table 2. Amount of AITC inside vinyl pack from GC-MS peak
area(A: 25SF1, B: 25SF2, C: 50LF1, D: LAF)

Observ. date A B C D

Day 1 6,553,914 20,524,029 11,665,631 2,858,759

Peak area
Day 2 5,857,684 15,284,775 10,904,381 1,559,656
Day 1 1.0019 3.1364 1.7830 04374

Amount (ng)
Day 2 0.8956 23359 1.6667 02389
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Table 3. Peak area of AITC of the film under the closed system
(A: 25SF1, B: Same Size A and Ommission, C: S0LF1, D: LAF)

Observ. date A C D

the day 68,995,879 77,958,582 54,440,923

Vial Day 1 12,452,317 21,115,196 9,286,555
@mb)  pay2 3,282,291 9,445,456 6,083,399
Bottle Day 1 1437251 5,591,456 2,559,569
(500 mL)  pay 2 741393 1,395,564 2,126,524
Bottle Day 1 1,424,838 2,029,776 2,156,578
(1000mL)  pgy 2 498,588 823457 1,897,086

Table 4. AITC amounts of four different films under the closed
system (A: 25SF1, B: same size A and ommission, C: 50LF1, D:

LAF)
Unit: (ug)
Volume Observ. Date A C D
All case the day 10.5424 119118 8.3186
Vial Day 1 1.9032 32268 1.4195
(43 mL) Day 2 0.5021 14437 0.9301
Bottle Day 1 02202 0.8549 03916
(500 mL) Day 2 0.1138 02138 03255
Botile Day 1 02183 03107 03301
(1000 mL) Day 2 0.0768 0.1264 0.2904

Table 5. AITC peak area of four different films under the opened
system (A: 25SF1, B: same size A and ommission, C: 50LF1, D:
LAF)

System Observ. Date A C D
the day 68,995,879 77,958,582 54,440,923
Day 1 730,215 5,150,504 2,594,886
Open
Day 2 85,368 144,443 22,9158
Day 4 47,958 99,532 55,924

Table 6. AITC amount of four different films under the opened
system (A: 25SF1, B: same size A and ommission, C: 50LF1, D:

LAF)
Unit: (ug)
System Observ. Date A C D
the day 10.5424 119118 8.3186
Day 1 0.1121 0.7875 0.3970
Open
Day 2 0.0136 0.0226 0.0356
Day 4 0.0079 0.0158 0.0091
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Table 7. Observation of mold amount and size in the 5 packs
bread under different film conditions packaging during storage
days

Film Conditions
Blank 25SF1 258F2 S0LF
5 day 3 packs/dot
6 day all packsfsmall

Storage days

7 day 2 packs/dot
8 day all packs/small
14 day 1 packfsmall
15 day 3 packs/small
17 day all packs/large
24 day 2 packs/dot
25 day 3 packs/small
26 day all packs/ small
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