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Abstract In this study, the effects of intense pulsed light (IPL) treatment on microbial inactivation and quality in rapeseed
sprouts were investigated. Untreated rapeseed sprouts exhibit a high level of total aerobic bacteria (TAB) (1.2x10” CFU/
g), coliform bacteria (coliform) (3.3x10° CFU/g), and pathogenic E. coli (PE) (2.1x10° CFU/g). The microorganisms found
on rapeseed sprouts decreased with exposure to increasing light intensity and treatment time. The greatest reduction in
microbial content was observed with a treatment of 1000 V, 5 pps for 10 min, where TAB, coliform, and PE levels
decreased to 1.0 log CFU/g, 1.6 log CFU/g, and 1.8 log CFU/g, respectively. In agreement with these data, the microbial
inactivation rate increased with the increase in the distance between the light source and the samples during IPL treatment.
After IPL treatment of rapeseed sprouts, water content and vitamin C content decreased.
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o] 7R FHavksAFel tE
o2 T o, ol HAVFAES 2
T glo] PAESE kA
Utk ol FAES 3l
A &g v7tE Ao hE A7t 7
=4 o8 ¥7tE AHEZE Z3%(high
hydrostatic pressure), 22 B2 7] (high voltage pulsed
electric fields), %1% A}7] % (oscillating magnetic fields), 42
(intense pulsed light) 5] =€]4 WH3 FZ9) AFsk(photocata-
Iytic oxidation), 17153l <=(electrolyzed water) 52| 318 W,
vle| 2] 2 4l (bacteriocin)} 72 AAGFEZE o]k AEE
A W 5ol ATHG).
FH 2 7]%2 intense light pulse (IPL), high intensity broad
spectrum pulsed light 522 E2]= H|71E A4 71€9] 31H6,7)
2A A fARg Mo gge] Zhe e Ue e AIE

al

QF 2]Fe) ARSI 2F HH EASkE PSS AFEAA B
£ 7S dFslE 71€B9E W &2 A AL A8 oY
A 7, ZEFEY HEA o S /A e AR oY
] ATH10).

Fg2o) o3k nAEe] APEE %Y (photothermal), 43}8H]
(photochemical), 2] 3-&2]% (photophysical) &3}l 2]3+ 7o
2 o] & o= shte oJsixEtr] BErhs HHE A8l oaf o
o= AR A Aok 7t 4s 7H gl wAlEoe] =

29 49 AL EWe) Lt 373 Jsiel 84 2gol o
s} Abglo] olFol/lw sul, A% We] FH Js) ATl



AZete] 9377} o] FolX| 7% s, AdeA ZALE = A
o] AlxEUje] DNAS] &4 e FHE doA AMES dod|s
AoZ BIET Jrke6-10).

B ARE AAHe] AFe R oy Ao tdEAl AME L
Ao Tt ATo] BUbsd AN A4S iR H7HE At
71ER] FEXE Ves ALt s AMbdEdE Aeit

e %

Al
=

X
AR ARSE AR e AlSellA]

oA, 2], 45 459 Aol Eo3le Al 7 7]X] (Wangin
bioland, Youngam, Korea)s A|99] thg-f-Fulgdolr Fste]
ARESIATE 457 Al disl F4 AANE B3 7P B
o] EAlsteE FA AEES B Ao oY AlEE AR

fz o
Fu

B2 2 AlAH 9 X2l wH

2 Aol ARgE 382 A7 A= Kim Shin(11)°0] AR
g A e AXZ AAITFT, 2], 2L AL
2 o] Siok Aol ARgE Hd9hE AC 220 V, 60 Hzo| &
Fagoln, Agxox WA 7Fssk H2 = 1-50 pps (pulse per
second)°] 22, 13]e] #Ed 4= = AU A7 60oltt. FF
22 Aol AR FYUL 50 kPa®] U4HOE xenon gasE X
Sk 24 g a2 2] Heareus Noblelight XAP series (type NL 4006,
Heraeus Noblelight, Cambridge, UK)Z F4 A= 7}<2>(xenon
gas)= FRE o] = FEE ARSI FdA LA EE= Y
o] A7l e AGe A7V FdedA dAEE 9 9
UAE F7|8t & F et £ Adolxe Fdd ==
Aol A7IE 7o R AAETh AEe] FE2 HeEe {4
3 g& Pl Z=A FF F At 700, 850, 1000 V, 2 4= 5
pps, AL A 88} Frtele] Agle AR wlE] AX|Eo] 3l
= spacers F-83l0] 6.79.7 cme] ZA0NA 120-600F Atole] ¢

ofo] NZHE Adgste] Asiitt.

g+ EH

FH2 A2 s A8 AdTE SA] Hsted BESHAIA|
(plate count agar), Desoxycholate lactose agar, MacConkey sorbitol
agar (Difco Laboratories, Detroit, MI, USAYS AF&-&}S] T} 482
A sHA] & A5} A e ARE 717} 3¢S FHst A
*(NaCl 0.85%) 27mLE Y3 2 7](stomacher, Stomacher lab
blender 400, Seward Ltd., West Sussex, UK)S AF&-3}o] oF 40%
502 w43t A7 § Hd ARAETE ARSSle] Al
s ofsf) Hdgt 54 wijFE AT M AEE &
Astaat e wol TRl 2w Ha s =k & 37°Ce]
A 24X 7F Bt & 3R] F4E s Alesiinh
4= 303007 Atole] AL AGSIH o™ CFUgeZ e S

, 28 H2 Aol mE 7R APEEE 2T IN)el g A
g T ALTN)E BES Altele] FAEeH, BE Ade
Z+ N 8T 33 98 dyste] S48k

R

% HIEI C & &H

2 A o] Alge] g Wsks S48 fsl A
B 3g& Al "ol HES471(MA3S, Satorius AG Gottingen,
Germany)E ©l-8&-3ste] S35t HIERl Co] 2 AR 2¢g
o 20mLe] 10% WERIHE-AS 7Fste] 1087 HEA & A

o

F AR 2 4] At 37

Table 1. Microbial contamination level of the rapeseed sprouts

Microorganisms Contamination level (CFU/g)

(1.240.37)x107

Total aerobic bacteria

Coliform group (3.3+0.45)x10°
E. coli O157:H7 (2.1£0.28)x10°
Staphylococcus aureus (4.9+0.65)x10°
Salmonella (1.7£0.11)x10°
Listeria monocytogenes (4.3+0.33)x10"

T 5% HERIMHE NS Yol #d5e § A RS 100 mLY]
AT 7|3 Ao 5% WERIAE §dom 87185 A
L F w2z Tol F3ke] 100mLE 3 F 022 mme] mem-
brane filter= 3t F A5 AA A2 rFET I HPLC, 1100
series, Hewlett-Packard Co., Palo Alto, CA, USA)Z A3} t)
Z ¥ (column)> p-Bondapak NH, (3.9x30 cm, LD., Waters, Mil-
ford, MA, USA)E AME-3I93L, &l (solvent)?} SE&=(flow rate)
2 Z}7} 0.05 M KH,PO,:acetonitrile (60:40)3} 1 mL/min®.Z 3}
gom, UV 333 FHK(injection volumeyS 254 nme} 20 uL3A
th(12).

SAIXz|

2E A3 dole= 33 £43t] SPSS ver. 18.0 (SPSS Inc,
Chicago, 1L, USA)S ©]8-38l BAIX2sor, tl-3-XE & ttest
A0 gt HlmE AANEIAIL, 9 FEL p<0.05 FEo|th

Mzl so| 29

2 Agof| 288 FAEe] FwF(total aerobic bacteria)y= 1.2
x107 CFU/g, ™7+t (coliform groupy 3.3x10° CFU/g, LA
t, Staphylococcus aureus, A2 Salmonella) 2 €] 2=H| 2o}
(Listeriay= Z}7} 2.1x10° CFU/g, 4.9x10° CFU/g, 1.7x10° CFU/g,
43x10* CFU/ge] 2 9=E YERI Kim 5(13)l o3ta Al
SAEFY T, W, &8 B F3o] ol gk AA A3
ZHFE 3781 log CFU/gRE & FF9| #o] HAEHE A
o2 ByEgen, £ v, A%, 5=, ZEFA A 7 log
CFU/g ol’de] AMlsto] AZHUL, 45, FvE, 75, AY 5o
ME 2 log CFU/g®] thg+tw=e] HEH AT B3 Bae 5(14)%
Z 2059 A FAFAAN w2 T 278w digetel
295 A= AR BISIGTE AR AaFe] vAES] kA
TS Grketet o AEFHdE A LF tig vAE
4 514 7|2 EEe] UA o, dFHHA] AFe o
& mAEH o 7IEXEA T 10° CFU/golst= A4 8haL
AUk 2 Aol ARE FARE] 79 ol#g b JEXE o
B 23 o] 2 A 9 A, 7Y & AF Tl A

o] A& Aok & Zoltk(15).

so| M7let Xal AlZ| THE AT}

U Aol RS AP T B Gee v
we) 719 A2 Ao, Belolx wAsE el 4]
2o e E Age] A7 BSFE el vire] FHo]
= 718 A 7INA BES Rl T ol wat WAy
we) o] WolxA| Ho] plAEe] Ale] wr} EHolrk(6).
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38 =2 Z35k8] %] A 48 WA 1 & (2016)

1.E-01

Survival fraction (N/No)

1.E-02

1.E+00

1.E-01

Survival fraction (N/No)

©

1.E-02

Treatment time (min)

AAR QT AYe] M7= YeRleH, H2 5 5 pps, %
A3} A7 ALele) A7) 6.7 cm@] BLF 2o Wel A7) 700,
850, 1000 V& 3} 1027F X123kt
Aubdle] A$ A 1.0 log CFURES] AHHES L}E‘rk‘l
om, 700 Vo] We A7|oME 1087 HEIAe W o 0
log CFU/g, 850 V, 1000 VolAE 1.0 log CFU/g =9 APEE
< Ho] Wol AZ7t Al wekx At &3t SUksE 7
zﬂz— L}Ewu}(ﬁg 1A). Park 5(17)& F AL olatsd g
T2 XSRS A olitsdaFe] Fre uief AFs
?%7} t2A L}E%MHJ 200 ppmellA 2087+ A2 EHS B¢
AukAlFo] oF 1 log CFU/g AES] TAa¥E JYepler, &€
A i E 55°Cel 2087t P/l 319& 7% 1 log CFU/
gl & mA= ﬂﬁfwlﬁ— yehdle] 17= Fd 27t A7 8
4 Ay G5 Ao}t vlawsiA H]f‘é HAY =& AFEES Y
Bl A2 Hth
I7E A HEe o diAgFEe] A £9E HH(Fig
1B) dukdgRTE o7t B& g 32 yehfo] 1000 V,
850 VollA= oF 1.6 log CFU/g2] A}“é%% Hom, 700 vl
ke "ol A7]oM % 1.2 log CFU/gdE2] APEES BT ¥
A4 ATl e ditdgoly TRt 5 APE
< veRle] 1000 V, 850 VellAlE Z+7t 1.8 log CFU/g, 1.7

o
filo

1.E+00

1.E-01

l_E_Oz 1 L 1 1
0 2 4 6 8 10

Treatment time (min)

Fig. 1. Survival fraction of total aerobic bacteria (A), coliform
group (B) and pathogenic E. coli (C) on rapeseed sprouts as a
function of light intensity by IPL treatment at S pps (pulse
number) and 6.7 cm (distance between light source and
samples). ¢ 700 V, @ 850 V, ll 1000 V

log CFU/g«] APEES BHon, 700 VIlME 1 log CFU/gel AF
=R \/}E}HJ‘}iB‘r(Flg 1C). Anderson 5(18)3 Rowan 5(19)2
I73e FY Aol sl Rl Eo] Jal_o_/ﬂ A=Y ) 2 Bw B2 VA
FApe] AR RIZs] Wheele] e AMEES Hole e
R332, MacGregor 5(20) Vgn S Tk sk Ao

AT AAE 512 ps ZARERS W WU AHE col)F L
monocytogenes®| WA 6-7 log CFU/mL Fx=2] AFE&S el
Wt 3190, Ghasemi 521y 100 B2, & 9 Jo| oy
& E coli®}t Salmonella®| ZA 89S Wl 9 log CFU/mL 7+4-s}
Atk B3It 28]32 Han (22)1: nAEL] E7E dEs)
o, & 2H-3ddF(Salmonella Typhimurium, E. coli O157:H7) 2

Trg} TaHFdt (Listeria monocytogenes, Bacillus cereus) 2%
o FF2E AEg vl 2ESAE o] IHFHES =2 A
BEE BHYow, ¥ A7F 45 AP o] delzita &
Ak & AFAAME dublstolut thid<tel Hla HIEAEFEA
(no-sporulating) 1eHee] 7hEel WA il Be Al
S Hol 9 AFEH 22 AHE Bk

Lot Al Alolel Hzlol wE ojEe| Alsat
FH2 Helo] YoM FAH Alg Alole] A Fozn
Bl Al 23 2AMEE duAe] Folut W] Apol7t gl
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AHE g0l JFS PIXE AR HA(11,16)5 3 JUth FH
g Alele] A AE Qa2 Al mE 33
E317] sted Ak 1,000 V, B2 5 5 ppse] TYI %
A3 A8 Able] AFE 67, 79, 9.7cmE 23l 1
A 2]3tH ). Fig. 2A% 33 AlE Atolo] mE UWkAl#
#2IE Uepd AoE A9 Fd Atele] ATt TRETE
ArEart =4 JEETh AES 3] ATt 6.7, 7.9em
ol A-ol= 09 log CFU/gY] APEES HAoH, 9.7 cmoll M=
T W APE S-S Yehlidoh g H9A digae] 74
FA= FhF A8 Atel7t 7HETFE AP &l =4 JERt
AT 6.7cmolA 0.8 log CFU/g, 7.9 cmoA = 0.5 log
CFU/g, 9.7 cmolX= 04 log CFU/ge] APEE&S 2SI thFig 2B).
817 HYAd TS 6.7emollA 1.9 log CFU/g, 7.9 cmollA=
1.7 log CFU/ge] &2 AMEES Ho 97ecmolX e AMER
F7F A9 YA 2th(Fig. 20). Kim 523y WA A
ghdo] = Micrococcus roseus® 7)ol WE FH29] Ad
HE A B A3 FAF AR Al ATt FE5E A48
7t TobA oF 6cme] AlolA 2% MIEAS W °F 6 logd]
APE &S JERIITL BASElSIt) B Cheigh 524y o,

o &4

)
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Fig. 2. Survival fraction of total aerobic bacteria (A), coliform
group (B) and pathogenic E. coli (C) on rapeseed sprouts as a
function of distance between light source and samples by IPL

treatment at 5 pps (pulse number) and 1000 V. ¢ 9.7 cm, @ 7.9
cm, Il 6.7 cm

Fo], Mg 52 e Wl Ue Listeria, HYA e, 47
=R (Pseudomonas) F1A3=2] Agle] mE A golA] Al
g9 Fdrtelo] ATt 7S AR B AYEE oY
A7} ZolA A T APEES Ho] HU 22 log AEQ] AMEE

S Qe & A Fl At HESE AR} Sk
£ B 29 Asst A7 sk,

TEEE Y H[ERI C ¥
"2 5 pps, BYH AF Alel] AF 6.7cem, AY 1000 V

HAtHFig. 3). B2 A2 F A i w2l M=
B AE A ABE 80.56+044%2] FEITS BIoH, 27
Foll= 84.16+3.96%2] FEFS YENA Y (Fig. 3A), Fr2
Ho g zole gle ALZ YERGTHp<0.05). Francisco 5(25)°0
w2 Al (fresh-cut) Aol FE2 X E A =W A
M) At &2 oA o] &dg FRE R
o] ZAASATIL 19 2H, Hong 5(26)= IHZz]7lol| FH 2~
A2 g 39S AS Hzte] SRl il SRSl 7
ASQuial Baste] B Aga dxshe 235 Bith
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Fig. 3. Changes in water content and ascorbic acid content of the
rapeseed sprouts treated with intense pulsed light.

FE2 Aol li AR A2 HER C gHeFo] HEE B
@ g A ABE 12212227 mgg, 322 A2 FlE 1053
+0.98 mg/g°] %P%% Hon, FoA2 zole gl AoE
ER 382 ArE AR A4 G4 Fdodle 3 |

010.\44
(o2
o

A ke Aoz AAETH(Fig. 3B). %"Qi gl 23tk
o] wigle] the A7 ®Hiles Iz A %24 Hong 5(26)0
Hre7ts 2 AN ﬁ% Za]7te] Ao we} the
AFRE vrifo] 32 AHE T FTlsiAY tﬂﬁ}— HolA] &

o HoZ Eza} jom, Fatoluy Yo UV-CE A3

CRES

l

ZAfole A 5 mEl cof kel Wsht fl2euk(25,27), At
I F2o] ALoe thh 7HAEe= 7ﬂ—6k(28)_ Ho] gAsk Ak
2 vehiAE gt

A+ of
H71E et 71E F Rl A Tles 01% o] AlMdH
o] 21F F 3Rl AL EAlse A E KA =
A& A Azdl EAste A=Y L¥9ee THEF
1.2x107 CFU/g, ™7+t 3.3x10° CFU/g, E. coli 0157:H7, Sta-
phylococcus aureus, Salmonella B Listeriae= 242} 2.1x10° CFU/
g, 4.9x10° CFU/g, 1.7x10° CFU/g, 4.3x10* CFU/go]At}. H &=

E33k5]A) A 48 WA 1 & (2016)

5 pps, LT A7 Aol AT 67cme] FLFT 27olA LY
A71E Egste] Aeatns A5 1Y A7I7E AErE APd S
2 Zrhetden, 9o A7l 1000 Vol QubAFL 1.0 log
CFU/g, A2 1.6 log CFU/g, HYA a2 1.8 log
CFU/g® APE&S BTt 23t Al Ate]o] Adl we A}
dade At FEFE APEES SIS, BEH AR Al
o] Ad 6.7cm, Yo Aﬂﬂ 1000V, 2 4= 5ppsollA] AukAl
0.9 log CFU/g, ti++ 0.8 log CFU/g, WMJEHXH} 1.9 log
CFU/g«] AFE S-S e FE A g A3 AR A
e viERl Co] st AE o AETT gaske A
S B FoFQl AolE YERAIE &3tk *H’*HHABI
“&Oﬂ 10 FE2 71ee A 2wt 90-99%2] AbE

< yEeRfo] 2ldHe] AFe] HZFE A 7|EEAe] AE }
‘3‘*5‘72: F—ME]’-
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