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Abstract

This study investigated the inactivation effect of intense pulsed light (IPL) on various packaging films. The UV-C transmittance
irradiance varied depending on the packaging materials, with the control group having an irradiance of 3.959 W/m’. For the
thinnest layer of 30 pm, polypropylene (PP) had an irradiance of 3.258 W/, polyethylene (PE) had an irradiance of 3.193 W/
m’, and oriented polypropylene (OPP) had an irradiance of 3.200 W/m’. In contrast, polyethylene terephthalate (PET) exhibited
a significantly lower irradiance of only 0.065 W/m’ for its thinnest film thickness of 100 um. The light transmittance of the
packaging materials was similar, with values of 91.3%, 89.7%, and 89.5% for PP, PE, and OPP, respectively. In contrast, PET
exhibited a significantly lower light transmittance of 1.8% compared to the other packaging materials. These findings have
practical implications for the food packaging industry. According to the packaging film material, the sterilization effects showed
that the E. coli sterilization effect of PP was the highest, followed by PE and OPP, which were similarly effective. At the same
time, PET exhibited the lowest sterilization effect. For PP film with a thickness of 30 um, a 6.2 log reduction in the E. coli
population was observed after 20 s of IPL treatment. Ultimately, inactivation was achieved after 60 seconds. Both PE and OPP
films, which had a thickness of 30 um, showed a 5.9 log reduction in E. coli after 30 s of IPL treatment, followed by complete
inactivation after 60 s. The inactivation rate for PP, PE, and OPP films showed minimal variation regardless of thickness, al-
though it gradually decreased with increasing thickness. For PET, achieving a 1 log reduction in E. coli required 180 s of IPL
treatment at 100 pwm thickness and 210 s at 120 um thickness, indicating the influence of film thickness on inactivation rate.
Even after 300 s of IPL treatment, the inactivation effect for PET remained around 1.5 log, the lowest among all packaging film

materials.
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o] TReAE EAC o]8E= AZE2 polyethylene
(PE)©] 43.61%, polypropylene (PP)o] 17.75%, polyethylene
terephthalate (PET)7} 12.05% <02 o] AMgE I 3t}
(Song et al.,, 2017). PP (polypropylene, Zz]ZZ=Zd))e] 3}t

e (CH,olm, Ful, B3, PEsiol ool U, vF
o] 0.90-091% 7P 7}go] o3ty Ty, vweA, 4

9, Wggol Ssteh et Ak Rahs} o} 3
el Wad W ATHE FHoh} ZPsHdy
(PVDC, polyvinylidene chloride)-S- & &4 AFg-31H, A4 7]
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AEt Fol 71 2, W PR 5 AAXge] Qe
2 2olul, W A2 T HAF TAOIE AT Shubhra
et al, 2011). PE(Z2]ol| &, polyethylene)= ol & #l(ethylene)
7h2o] FAloIRE 7Y WA sk E2] SHEA &
A2, AUx Z o g a(LDPE, low density polyethylene), 77
L% Ze]oD=I(HDPE, high density polyethylene), A% #]
Hx Zg]o dA(LLDPE, linear low density polyethylene), =
A x Zg]o|d&l(VLDPE, very low density polyethylene) S
o] A}&-% 2 9tk PEQ] s}&rz4]e -CH-CH-CH-CH-Z,
H|Z-2 0.93-0.960]™, FExbetd, Wstehd, Wed, 714
Fadol =aL 7HA0] A gsitk LDPEE #A|a® 3
E2AZE gAfo|| F2 ALS-¥lTKSara, 2017). PET (polyethylene
terephthalate, Zz]ogdl dlH|zeeo|E)= JEdzg=
(ethylene glycol)=} Bl @] E-2Kterephtalic acid)e] =3 =314
olr, 318122 (CoHiO0)), 22 H|F2 14o|H, 7|A|A Z=
7t =3, B4, A2, A kg, WA, WSk, Ab
@go] gk Aotk &-F1o] =ol B <1 W(boil-
in-bag), YEZE 3}-9-%|, 0|52 E-8(dual ovenable), T}U3H
8719 FAld) oz 20tk F2 Bk aL AA AEFE
7|2 2roleH], FAZE 719 EH|Eo] AE, AA
A 2 AR AL, agte] BRI Eofgloje kst
A o=, fe thAl AREE AL Stk PET HE9] xpet
S 5 7RI EEspdedl 1Y 258 B
AL RS Q8 TReSolu X, 2rA T 2%
of, ¢FrES ¥ T PET 52 &9 9 ¥ 539
9 ¢l ¥kX(bag-in-box) FEHS] o] ARE-ETHPark et al,
2000; Sin & Tueen, 2023).

F 2 7 AFd €8 AATIA & xAE A
HE AEs 44T F o AA4EFY] fF5rlghs o
A g e BI7EE 7hrlEelth 4 P4 “intense
pulsed light (IPL)”, “pulsed white light (WHL)”, “broad-spectrum
white light” 5 o2 7}4] o]go= &, Wl FARRH
H2Q1 UV (ultraviolet)F-E] 2] 2] M(near infrared)7}4] H-2
Helo BS #2 Al Bt Akl AN AFe] B
of EAlshs AES APEAZICZHN] AFe] e B B
E717Hs 58w Zlselth ¥ H& Ve Aed UV o
o ol ZF 94 NIR F7bA] Z3hsiths HollA
7152 UV Atk €t Chung, 2011). FE 2 7]
A, HL T AdxFot S} e FEAE,
opa, NFAE, &7 B k= T A A FHg v
AXE Tl A8shs A7t o]Fox 3L UrHKim et al,
2013a, b). zhupdolnt xR o] AR 2 vl ElS o
F s T)e] g diFo R ofsiA|N, AHjAbE
o] =7l= 4leld AFtel Avhs el drhAllende et
al,, 2006; Kim et al, 2010). 33 2= 7|&olAe FHo E
goll whet dleo] A7), g, pulsed] 5 HAIZE A®
oF F Atole] A7t Fa dAfelw, AT AF FF

oF ZAA, mE] 54, AAAEL AF FHEe A
= 2Hslof stk Aatsiele i AEe] WA A7)
w2} lampe] 7H<E2t wiA], pulsee] 717} @}z tBarbosa-
Cénovas et al, 2011). 33 2~ 2 2] AloE= Z(pulse)
7} 0.1-50 Jlem ¥ 9]2o] ol x| H(energy density)S 71X,
1 ps-0.1 s8] 7+7 9] flash Fel 2 FAbSHAl H=d], 745t Y
= oFF &2 ATkl A3Eel Theted, AE FHe] rdES
atetAd B OEA, AFE W fevdE 5
AAAZ)AL 2] §5718He A FEE =017] ¢
3} 22 0 2 ARR-3FCHChung, 2011; Park, 2017).

B W2 A ANE PG Wl 577 (capaciton) 23
B grh} ey 3REE S22 9 wE A7) JuxE
WEe] Werbh A$-duml, ol2A wEel Y e A
7] AUAE, 4E] FQ GokE Azstaks W9 delA
Ngol drht BAHOR AGY & YA bt Fa
Sll(Shin et al., 2010). o|w] F HX 7] Alof|= 2]Ee] 2
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Ao A8 u|WE-S Escherichia coli (ATCC 10538)%
2733 B nAERZEAE(Korean Culture Center
of Microorganism, Seoul, Korea)ZH-E] HoFdlo} A3}
o} Boro £ coli= T colonyE #$F T tryptic soy agar
(TSA, Difco Laboratories, Detroit, MI, USA)ol| A|th vl %5}
xrce] Loy naksEA AMgSITh BE2 o] A}
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200 mL2] tryptic soy broth (TSB, Difco Laboratories) <} ]|ul
Ag e AnEetaze) HEskT 37CA 124170 A
Falglon, Wl Elg AR wle] 1% et
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5, 2pia R 98] AR&-E+= OPP (oriented polypropylene)]
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Fig. 1. Schematic diagram and photography of the intense
pulsed light treatment system.
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A 7153 B2 4= 1-50 pps (pulse per second)o] 37, 13]9])
GEY S+ Qe Ao A 0ROk FU Fge A
= 7haz £3 Hel 9 A Ae] Al E(Heracus
Noblelight XAP series lamp NL4006, Heraus Noblelight,

Cambridge, UK)ZS A}8-3}5ith FdoA dAlsh= gl A
le 3L Wil el A21E J1zos a0, £
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o] B 4 A 9l M= o Aol I E(PP, PE,
OPP, PET)S Y A+t Aga 72 elA 2d2 AE
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(220280 nm), UV-B (280-315 nm), UV-C (315400 nm), RAD
(400-1,050 nm) ov, & =742 33] wHEslo] HFHS
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E. coli WoFHNS 4000 ppmo 2 1057 AAE2](Gyro
406G, Gyrozen, Daejeon, Korea)dle] A o2 44~(NaCl
085%)% 28] AIH3 T, FAsHA ADste] ALgshATE
AR gl TAHoR Haske] 01 mLy mypic
soy agar (Difco Laboratories) 33+ A|ufA]o] T@ale] 3
A2 A28e) AERE spRe] 2 3 ) AL 2
ZE(PP, PE, OPR, PENS B F 1 Ad2 aink
FEA X7 T 36°Col|A] 24-48A)7F wjjkste] o u)=x] o
A E 2K colony)FE AlFEte] CFUMLLO E eRfdch
e 303007 Alole] A& ASSIATh HlgEe] A
71Nyl Tk 2 2] § AarN)e] HlE NNy

e] =

= as

2 ARksie] 2 ol BAISQCH, AR 32 W A
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Kinetic &4

o B AR Ans) sls) A1) o] 13
ol el7Asle] aasla Arsae] 71 871=RE AbEs
EXAAKE e e, 2)@)ol ¢Js] D ZHD-value, decimal
reduction time)2 AF&3}$3 THChun et al., 2002; Mok & Jeon,
2012). 2] thzobe gel A wEbA tailingo]
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B2 A A UVCel B F3}
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.H_

k& JERA AT
%194 735, UV-Cel 33 WARRS 3595 Wm’'e]9]a,

C B7gFe %7 30 pmol| A= 3.258+0.014 W/m’, 40
pm—t— 3.147+0.024 W/nr, 50 pm&} 70 umi= 7z} 3.110+0.026
Wi, 3.003+0.047 Wi’ 0. 2 Z 2 FAlo] w2 o] Tk
of & Zpol= gl = AA o] FATE FA N w
g} FateFo] Hojx| = 3¢S Btk PES] Ao UV-C
o] B 30 pmoAE= 3.193 Wi, 40 pumE 3.163 W/
m’, 283 50 pymé} 70 umi= 7}z 3.108 Wi, 3.003 W/
m’Z PPRURE o] £33o] thi wou} 23 AF T
of & Yo FHFl= F AolE HOWE oo
A7} Z7 skl wet —Er?JrEkOl oA = S YER AT
OPP2] UV-C E#}2Fe 30 umojA= 3.200 W', 40 pmi=
3.168 Wm* = ura}ur PEL} PP9} 7o Ak Wt} PET
= 5] F717} PP, PE, OPPE Bt} 578 o] 2 UV-C
o] FEx}gFo] - tro} 100 umel A= 0.065 W/m’, 200 um
o 0057 Win'e] ze Btk AAFos nE FE9
A TA7F 27Kk wEl UV-CY B34-8-2 vldste] 7+4
3tk UV-A¢} RAD o1 27 H 59| A Ao} 7|9
dagle] FAZE 7K wet RaES WolAl= A
Btk 7 2 H5 A 7P gk FAE Vel R
UV-Co] T8-S ME8(%)=E YeRH PP, OPP, PE= 7}
7} 91.3%, 89.7%, 89.5%%] o1, PET:= 1.8%= Ueh} U=
o] AAF} FAC wE gl HEA UERE 02 o
= ATk

o A 9 3 PISE 2300

s RS

LPN N

Table 1. Energy density of transmitted light as packaging films by intense pulsed light treatment

(unit: W/m?)

Wave Lenoth UV-C UV-B UV-A RAD
gt (220-280 nm) (280-315 nm) (315-400 nm) (400-1,050 nm)
Control 3.567+0.004 4.054+0.022° 1.659+0.005" 2.453+0.014°
30 um 3.193+0.016° 4.022+0.038" 1.6610.010™ 2.456+0.005°
PE 40 um 3.163+0.031% 3.995+0.021% 1.663+0.006™ 2.455+0.017°
50 um 3.1080.047° 3.984+0.036° 1.654+0.004" 2.4554+0.022°
70 um 2.947+0.052° 4.019+0.044% 1.667+0.006" 2.476+0.013°
Control 3.567+0.004° 4.054+0.022° 1.659+0.005° 2.453+0.014°
30 um 3.258+0.014° 3.990+0.024" 1.652+0.038" 2.478+0.017°
Packaging PP 40 um 3.147+0.024° 4.028+0.033® 1.657+0.008° 2.458+0.008"
f;‘ln? 1 50 um 3.110+0.026° 4.018+0.021" 1.665+0.004° 2.4700.016°
fatenais 70 um 3.003+0.047" 4.015:0.044" 1.6612:0.006* 2.440+0.013"
Control 3.567+0.004° 4.054+0.022° 1.659+0.005" 2.453+0.014°
OPP 30 um 3.200£0.031° 4.015£0.025° 1.6620.004" 2.455+0.015°
40 um 3.168+0.037 4.006:+0.024° 1.652+0.002° 2.471+0.013°
Control 3.567+0.004° 4.054+0.022° 1.659+0.005" 2.453+0.014°
PET 100 pm 0.065+0.001° 0.65140.010° 1.650:£0.005® 2.446+0.010°
200 pm 0.057+0.002 0.517+0.010° 1.648+0.004° 2.44440.008°
YMean+SD

**Means are significantly within the same column at p<0.05 by Duncan’s multiple range test.

Treatment condition: 1,000 V, 5 pps, distance: 1.5 cm
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30& OMM] “+ AP aksick PP 30 umA 79 202 A7
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Fig. 2. Effect of inactivation on E. coli as packaging films (PP (A), PE (B), OPP (C), and PET (D)) and thickness (30-120 pm) by
intense pulsed light treatment. Treatment condition: 1,000 V, 5 pps, distance: 1.5 cm.
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Fig. 3. Inactivation of E. coli as treatment time by intense
pulsed light with various packaging films. (o) Control, (m)
PP 30 pm, (¢) PE 30 pm, (©) OPP 30 pm, (¢) PET 100 pm.
Treatment condition: 1000 V, S pps, distance: 1.5 cm.
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Fig. 4. Inactivation kinetics of E. coli cells by intense pulsed
light treatment as treatment time at various packaging films.
(o) Control, (m) PP 30 pm, () PE 30 pm, (o) OPP 30 pm, (¢)
PET 100 pm. Treatment condition: 1000 V, 5 pps, distance:
1.5 cm.

S} }\] 7¥1 D

hul

e Atate] Table 23} Fig. 402 LERHS)
ok WA g2 kg 0329 s7e]lem, D 7.0029

. ¥ A AR WE E coli AFAYN AFEEEE
PP7} 714 wkgkar PE, OPP7} 2 PP} A9] FA}alA Rt H]

S9AL PET= 7P =3tk 53] PPe] -9 k gt Dglo]
ot wi-g- fFAkste] APESETE 7 wE 2w U
Epytth PP2] k; 742 PP 30 umol|A] 0.303 s™', PP 40 umoj]

Table 2. Inactivation rate constants and decimal reduction times of E. coli by intense pulsed light treatment with various

packaging films
Inactivation rate constants (s ) Decimal reduction times (s)
ki ks D, D,
Control 0.329 - 7.00 -
30 pm 0.303 0.024 7.60 96.0
PP 40 um 0.300 0.026 7.68 88.6
50 pm 0.296 0.028 7.78 823
70 um 0.287 0.031 8.02 74.3
film PE 40 pm 0.287 0.028 8.02 823
materials 50 um 0.281 0.029 8.20 79.4
70 pm 0.273 0.031 8.44 74.3
OPP 30 pm 0.292 0.026 7.89 88.6
40 pm 0.287 0.028 8.02 823
PET 100 pm 0.018 0.003 127.9 767.7
120 pm 0.014 0.003 164.5 767.7
Treatment condition : 1000 V, 5 pps, distance : 1.5 cm
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9] k, 3tS PE 30 pmejlA] 0.026 s™', PE 40 pmej| 4] 0.028 s,
PE 50 pumojlA4 0.029 s, PE 70 umel|4] 0.031 s'o]2137, PE
o] D, %+ PE 30 pmol|A] 88.6%, PE 40 umol|A] 82.3%, PE
50 umell A 79.4%, PE 70 pmol|A] 743%= Jebsith PE 2
59 FA7E vt et AFEEES] Aol A9 fIAAL
k 7t D gk 2% PP U3 502 219 fAKSE 2102
UEeRTh OPPL] k, 3HS OPP 30 pmejl 4] 0.292 s, OPP 40
pmol| 4] 0.287 s'91 37, OPPL] D, 7 OPP 30 pmof|A] 7.89
%, OPP 40 pmol|A4] 8.02% =% v}e}sttk OPPY] k, 7+S OPP
30 pmojA] 0.026 s, OPP 40 umei|4] 0.028 s'o]157, OPP
°] D, ZkS OPP 30 umof|A] 88.6%, OPP 40 umoj|A] 82.3%
2 Uehsith OPPE] 735, IE2] FA/7t sofddl m&E A}
HEEo] 2pol7k Ao AL k 73 D 7k APEEE7F PE
of Auxo=z dX|gt= Ao UERTE PETE] k; g2
PET 100 pmoj4] 0018 s, PET 120 um% = 0.014 s'¢}
3, ky 3 100 pm, 120 pm 25 0.003 s' o2 =AH Q)
PET®] D, k& PET 100 ume| 4 127.9%%1 37, PET 120 um
oA 164.5%=, D, FtS 100, 120 ym 25 767.7%= e}
v oE 24 dE A vls] B A Al At S5
7t 71 =%tk

B2 AR A 2 AE A nE ¥ FH&3 E
coli®] a3 PP7F 718 =9kaL, 18l v 2
Al PE, OPP7} =9kow, PETE= wil-¢- Wolt) ujahA
B2 A Al AFe] ¥3EE AZd== PP, PE, OPP7}
A3telH, PET+= A 3telA] @vial detEch g2 kg
S0 g2 2% I5 = PP,
PE, OPPE &8 + glom 7 dFe] Aux7t U=
o] Fh2x Al 2dle] Agslol gloja] & FHe] & Ao
2 A7tk w=gk AR A9 Fresh cut 2+ 9 A =0
T2 AMEE PET A2 Ag A3 332 A Al 23
AMAE AgdsiA] for g 2S5 WA PP, PE, OPP H&

2 2§ A HE) EF

A2 A BIE Bl AES 5718 Sk AME A
Sh2 Qs WSk 712 A/ ES Faske ol4e]
e Ao Azkait

o o] 3
i) =

2 AFMs 28 59 Add mE FE2o] At
Fbol tisiA Lolrgith ¥4 DE] AFel w2 UV-C
o] FeFe thETE 3.595 W/m’e]gl o, PP, PE, OPP9] 7}
4 QFS F7)9l 30 pmojA] PPE 3258 Wi, PE= 3.193
W', Z18]32 OPPE= 3200 Wim'glom, PETE 73 gk
A9l 100 pmoflA] 0.065 W’z wj-¢- Giglr). o] £}
£& PPE= 91.3%, PE= 89.7%, OPP= 89.5%=% A8l
PET+= 18%=2 T2 5 AR} 9ith ¥4 I& A4
o W At 3= PPO E. coli A G347t 71 =9k,
o} 0 & PES} OPP7} §AKSHAl =9tom, PETE At &
I7F 7P WA vkt PP 30 ume] 739 202 Et #
A A7 Al 62 loge] AbE 532 HloH, 602 A8 &
o= BE o] APdsiSit) PE, OPPO] 73-9- 30 ume] F7)
oA 30% st FHXE A2 A E colidl] tial 59 loge] At
g g3E B, 60% Fols ZE o] APEES . PP,
PE, OPP2] 7¢- HE2| Ao & AP Lol 72| Ao]
7 o FAE Frskel wel JAp sk P
Btk PETE 1 logo] Abd &= ¢J84] 100 um= 180
Z, 120 pm= 2103 Bt FE2 X7 AlZke] ash 1o
2 JER} PET 229 A7} E colie] AFE-&9] 93ES 1)
A= Aoz AztEm 300% w9 e Ao a3t
15 log W2 4 I5 5 7P Lotk

# AT TEENAE AdeR sEyFTEE
W7re] ARTPIRIAE TeNEARIGIA B7E E4
sk = s ) g L P B - B e B L L

sho] AL woh ATEUAFHTH322018-4).
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