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Combined Effects of Low-Temperature Heating and Atmospheric Plasma
on the Populations of Escherichia coli and Sensorial Quality
of Red Pepper Powder
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ABSTRACT - This study investigated the inactivation and synergistic efficacy of combined low-temperature
heating (LT) and atmospheric plasma (AP) against Escherichia coli in red pepper powder. A cocktail of two strains of
E. coli (ATCC 11229, KCCM 11234) was inoculated onto red pepper powder and then treated with LT (60°C for 5-20
min) and AP (atmospheric plasma for 5-20 min). The counts of E. coli in the red pepper powder were significantly
(P<0.05) reduced with the increase in treatment time using LT and AP. The reduction of E. coli levels in red pepper
powder when treated with LT alone for 5, 10, 15, and 20 min were 0.25, 1.45, 2.54, and 2.85 log,, CFU/g, respectively.
Also, the reduced levels of E. coli on red pepper powder when treated with AP alone for 5, 10, 15, and 20 min were
0.19, 0.32, 0.54, and 0.96 log,, CFU/g, respectively. The synergistic effects were not dependent on the treatment time
with AP, but were dependent on the LT treatment time. Synergistic reduction values for combined LT and AP treat-
ment against £. coli in red pepper powder were -0.13 to 2.91 log,, CFU/mL, respectively. Especially, the largest syn-
ergistic values (2.91-2.82 log,, CFU/mL) of E. coli in red pepper powder were revealed by the combination of a 20-
min treatment with LT and a 15-20-min treatment with AP. All sensory parameters (color, off-odor, taste, texture, and
overall acceptability) were not significantly (P>0.05) different between non-treated and all combination-treated sam-
ples. Therefore, these results suggest that the combination of LT and AP can be potentially utilized in the food industry
to effectively inactivate E. coli without incurring quality deterioration in red pepper powder.

Key words : Low-temperature heating, Atmospheric plasma, Red pepper powder, Synergistic effect, Sensorial quality
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ZAAA N = A, B, 228 52 dHo R Hor|x
3k YA, 63%%1: EE}Z“}Q] dE
o} olelgk vkgAdo] =
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Materials and Methods
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AZETFROA 9] Ao wE thH] ASFEE 1]
23te] WA (ATCC 11229, KCCM 11234)& AH&-3}
o HE3IAt). 2] dide2 10 mLe] tryptic soy broth
(TSB, leco Laboratories, Detroit, MI, USA)E /‘]-&8}05]
37°ColA 24A17F &<t 23] S WiSEE & 7 45
28 Ao] cocktailS SR FFTH FlE HjokHe QA
2] (5,400 rpm, 6003)6}04 A" A E(pellet)?t F7]132
S99 WA F 0.85% HaAEAESE 10 mLe 718k
A3 E coli®] HEEE=+= 107 colony-forming unit
(CFU/mL)2.2 3|4 ate] HEhog ALgatsith

AE7FEE 250 mL frE] HIFA @31 AEiolA 121°C
oA 15% &<t LY 71EF(HAS-60, Sin An Science
Industry, Gwangju, Korea)d}od 7|&2] vl &S A A3
th AI3E7FE 25 g8 500 mL 8] HlAC €3 1 mLe] o
AdS TH 107 FES T Had AFS=E 5E7
E3ste] FdsA BEAHT. &Y F clean bench
(25+1°C) (Hb-402, Hanbaek Co., Bucheon, Korea)ul] ol A
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film (Heathrow Scientific, Vernon Hills, IL, USA)S.2
-3} 60°C water bath (GR150-S12, Grant Instruments
Ltd, Shepreth, UK)IA 5, 10, 15, & 208 &<t A+
=

2 AFdA AREEE )71 bE ek =et B ] (u-DBD
Surface Plasma Generator, Model, Micro DBD Plasma)=
FAAGH LA o3t A X|Z A Plasma Biomedicine
Institute (Plasma Bioscience Research Center, Seoul,
Korea)ol| Al 2-5REQkAL th7]59] AAE o] &3 7|y &
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Value of synergistic reduction=A - (B + C)
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2]9] &&E-2 A (Color), ©]3(Off-Odor), BH(Taste), =2
ZH(Texture) 2 A 221 7] &%= (Overall acceptability)oll o
st 2AMEFE YEeR ST

TAEM
A= Xﬂﬂ? BE AYQLE 39t R sl
o, EAZZ -2 SPSS version 12.0 software (SPSS

Inc., Chicago, IL, USA)°I Al one-way ANOVA &
Duncan’s multiple range testE AR&-3te] P<0.05914 <]
& ZAMESITH

Results and Discussion

M2 3 O7| St X01e] T©e
=27 —l*j].E o] gt 29}
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2 FAELE M AY gt
o] 77 9 FAlEE A mE oy FATE LA
cololl FHo YFE VXA AL 3R] R
Aol Y= AE7HE Al 71wl A4 Bt
Z(non-thermal treatment) o2 7] EU}
ARESEATE & ATolA ARESE B kSRR
A E2F = dielectric barrier discharge plasma DBD
plasma)ZA] H]E Fetzeto|th), mj¢- & H]H Y 279
Al F&ste] d714 T4l gl We 998 HYE F
017] ;;Hg_oﬂ )\1% 7]_L_oﬂ ;(-hsl ) H}Z—] ‘GQEH_J _ﬂ.zu}‘o]qﬁ).

2 Aol e o] wiA ol AT FRol] S
3 T A LAF(5-208) 2 7Y EP=uks- 20T)4
dEA g e MR Wt BEAs AEAHE
Table 19] eI A2aka gz 2 g7 dZe)
znp HEgA|Zke] AeF 7R QFE thd+to] ¢
o] ZhAaEHE AEFS BATHP<0.05). AL (5-205)
G XA e B8t 27 0.25, 1.45, 2.54 2
2.85 log,, CFU/g2 FHU| 2 log,, CFU/g(=99% 74) ©]
2 Aasn). o3t AFE Cheon 572 A-FolA L
F=71F F9 E. coli O157:H7 ¥ S. Typhimurium®] &%
3= 65°ColA 10 A& Al 2+ 1.75 log,, CFU/g, 2.14
log,, CFU/g #&stsitte 72 ael fAbsklnh. 3
Son V¢ A MEM E coli OI57:H7°] HEE Al
F2)o 5% 59 60°ColM A2ad AEdd F E coli
OI57:H75= 5.98 log,, CFU/goIA] 4.16 log,, CFU/gC. 2
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Table 1. Reduction of E. coli in red pepper powder after the combined treatment of LT and AP

Mean (£SD) reduction value (log,, CFU/g)

Target organism

AP treatment (min)

LT treatment (min) 0 5 10 15 20
0 - 0.19+0.25 0.32+0.32 0.54+0.28 0.96+0.28
5 0.25+0.14 1.09+0.34' 1.23+0.24" 1.44+0.18" 1.66+0.21"
E. coli 10 1.45+0.15" 1.42+0.234 1.64+0.16* 2.04+0.148 2.27+0.17"
15 2.54+0.25¢" 3.0620.16" 3.55+0.24¢ 4.24+0.24° 5.16+0.16°
20 2.85+0.24% 4.58+0.18¢ 5.05+0.25° 6.06£0.19° 6.63+0.21*

The data indicates means with standard deviations (three samples/treatment).

LT: low temperature heating.
AP: atmospheric plasma.

Gray box: Among all combination treatments having > 1 log reductions, mean with different letters differ significantly (£<0.05) by Dun-

can multiple range test.

°F 1.8log,, CFU/g TaFES HAth o8t 442 7H
q SAE] HAE Alde 60°C7F EHA 2=
< & F AU 7IGEFSEeK5-20) TG A 7}
z} 0.19, 032, 0.54 = 0.96 log, CFU/gS-Z <F 1 log,,
CFU/g #2399tk Won 599 E. coli O157:HT7} A%
H oky} BukS ff7|gkEet=et 5, 10, 15, 2 2087F A
&30S W 77t 04, 0.8, 0.9 2 1.4 log,, CFU/gHE <]
AR, ol & A7 Az} vg FS el
AT S Mok 579 AFteA] ti7lgEetzetE o] &
St g AFEAE S A3 o] dahe
AT AFH7HE (3 mm) HS52g 3.33 mmollA] 3-10% A
Al F 12 log,, CFU/g S HIoH, ol B Ay
Azt Hlg)] 2 FAaXE YEPH AR Sekzete] 1Y
A71e] W 2jolet AAET 53] A4 102 A 24
1 log,, CFU/gol’d ZAstidA R 7| gZet2rts A
A A 7F 208914 0.96 log,, CFU/g 522 7HAasth
o8 g Adte tigstol FE d7IrEgEe) Roe A
24kt ofg] E8As) "rke S JERNATH
A2t B ot1E = HEAE(5-208)0 e
el B84 8= 1-6 log,, CFU/g o1 HasE A
< Holi glom HA|ke] A5 TEAlg]et FAKe
SE-S BT (Table 1). A4 108/M)7]14E=v)
15% (2.04 log,, CFU/g 72, A4+ 102/d714=
Zu} 208 (227 log,, CFU/g #4r), A4 1550714
Z2k=u} 55 (3.06 log,, CFU/g 714y) 2 A4k 154/
t71tEek=ut 102 (3.55 log,, CFU/g 7H4r) gl 2-3
log,, CFU/g(=99%-99.9%) ©1’¢ 4=t 53] A4
o 208 % d7IEEEAE 208 WHEA2Al 6.63 log,
CFU/g 7r43tqitt. ol 21§ A ¥+ Huang 5'9°] baby
spinach®l 1%<] lactic acid, citric acid, malic acid <
50°ColX 5% 2] Al E. coli O157:H7 57} 2 log,, CFU/g

°F 1
A4

AR Roh gl A2kt
Qo] F2| Staphylococcus aureus

A ag Ueplle) 2

— =

= E. 4 log,, CFU/g® EEt=;

Ao HEdAY BHue $e X0t Lin 592
ATZANAM = E coli O157:H73 Salmonella enteritidisS <1
AHE3 Aol FatErEas

50°ColA A=A 2F 4 log,

CFU/gd] 74 &3 Btk Kim 599 AF4E A
&g AA BAET Ze AR AF A5 UE A

ZEt= o2 Zled s ¥e XHde u vAaE
A2a37F @A Hold Aoz nuEYrh ol#H3 A=
o Aabddt ti7IEEr=Rvte] X vt AlFA ] &
A BTt vAE ghaol] B Y-S AlAbelH, A4
o] t7IgtE ezt wAE ARENE FSAA Fo
e G F U w2 o 71hEEkze)
HEA e A7HEE HES SR THE
BA A T uAE A 3 9E S0

& A Zleolztal AztE

Fds

o rr M4 e r

=i
=

T A=

Ho

24 II1UEX0L Ko 42 DEIIE F
e ‘g5X8 (synergism) W ZHX}E-(antagonism)
At 7tgakst AeAl AEe) FEAG e A
1M A7t Brbssith §714h 249

bt 28 wzkd AP E o] &3 4

6 2=}
TR
g 7159 ¥WEXEE ddx ] dHE B,

7 A2le] a3ts SHiAA HFEe] FR2L fASEA &
Aol mE eH9e BHH R A S 9E hurdle

technology 2 AF&-% 32 th Son &'V 29|3lH 0.5%
fumaric acid®} 50°ColA ] WA A Listeria
monocytogenes, E. coli O157:H72] <=7} )29 vl z}
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7} 2.53, 2.62 log,, CFU/g®] #t& &35 Yehfiglon,
Kim 5'"¢] dAFX = E. coli O157:H7, S. typhimurium
9 L. monocytogenesH| o1& 913 50 ppm ©|AFst Aot
0.5% fumaric acid &2 W-&* 2|3 % brocoli sprouts
o] MAE F WsE EHEUS W izt vt
zyzre] mAE & ZHAarh 2770 2 2.46 log,, CFU/gS®
2Rt HExee a3t o A UEiEti B
th 71Ee] YA+ Ao Il HEAIE 9
o =& nAE ARE a9E 7R E Qo= B
2 E 7o g 2 AdAe ot
S 98 A4 (5-20%) DAAT st ARG
7l &= viek(5-202) A29ste 2ol H 2R dS
Table 1914 &elsiglon, WEAleld & AUAzHa
JF= Table 20 VFERHQITE. A4+ 10%/HH714E
Zn} 5%(-0.22 log,, CFU/g) ¥ A4 108/t714Z2
Zu} 10%(-0.13 log,, CFU/g)oll Al A3=-8-8 A| L] gk o
o] o)A AR EHE BTh A2 158071
gEeh=n} 158(1.16 log,, CFU/g AUR &3}, A2k
158/t 71 4Z 2=} 20%(1.66 log,, CFU/g AlUA]| &3},
A LAk 202/ 714Ze =0k 552(1.54 log,, CFU/g A4
A g3 2 ALAE 208/t 714Ee=0 1552(1.54 log,,
CFU/g N1UAE3Hol M= 1 log, CFU/g(=90% 7+2~)e] 4
AUA &3S GERN S, A4k 205/ 7 g E ek =m)
15%-(2.91 log,, CFU/g AlUIR &by, A&kt 205/t 713t
Zat=u}l 20%2(2.82 log,, CFU/g AUA &3} &2 2] A]
e AUAEFHE= HA 2 log, CFU/E=99% Zar)
ol TAE vrehlo] Zzte] A4+t (5-208) 3 7%
gt=ut (5-202) A F Algbe]l g wet st

_,d
9
—
_?LF
e

A 2FQ) AL B A 24 B8 A -8
ol E  coli, Saccharomyces cerevisiae %
Pseudomonas fluorescens= 2.6-6 log,, CFU/gC.2 58
58 EhARLOT, Park S8 ATolA A Fo}d

7F 733 Aot aitsr wrdAfelof vl oF 1 log,, CFU/
gl AsaHE vefe] ¥ AFARel fAbedTh &
gk Xianga 5°7¢] Aol st F2k=vl Al E
coliS 3E3t] 60°CoA HExi2] ¥ 8.28 log,, CFU/mL
o7 Ao ol FEtxet AT dEAgd Bls)
] 7log,,CFu/g ©1’9] 74 &35 HAth Choi 529 A
TAAME AYuF F L monocytogenes, S. aureus 3 E.
coliz Eek=ut AR AH F 60°Colx H-EA A
HAE 5 7t 34, 3.7 9 2.6 log, CFU/goZE A
AALH, plasma activated water A2 2o} oF 1.5 log,,
CFU/gol’d s a3E Uehlidlth o8& Aaes A4
3 tf7IEE=nE Z3ete] thFgt hurdle technology
of S o]t PAE Aol AYA BHE =

[o

i3

L o

=
PN o
F S

e

XA 9l DBD EX0} Mo E 1NFIIF9 A

H B Hiz}

A2t 2 d71hEet=et WeAE £ 1 log,, CFU/g
ool AHA a3E YEeRd W8x]g] AE 715(Table
2) o2 AAE HEA Y g axTHFe] HeHIE A
Alatdom Aol H, vk 227 9 HAAZR] 7|Exe o
g 71E% AAME 74 A=Y o= 2185 th(Table 3). H
Zol Bls|A] A4t 9 o7 kEe = BHEAE e
A zko] Aol et 7F &5, olF, B, 2A%
2 AR 71Ex)el el fFoAQ1 2pol= HolA] ¢
¥THP>0.05). Chang 5292 A= 1% ascorbic acid
9} 0.5% acetic acid -8 A5 HEAH = EE
FEEA, AE, THE gHAFA)eIA FoHd zelE
T+HE = gl Song 52 Aol 23 ascorbic
acid®l 5= €A E st 7xpe] WA, 3F, A3 9
THA 71ZEE AHE A A fFoHQ0 zpe]

Table 2. Synergistic and antagonistic effects of E. coli counts in red pepper powder after the combined treatment LT and AP

Mean (£SD) synergistic and antagonistic value of reduction (log,, CFU/g)

AP treatment (min)

Target organism LT treatment (min) 5 10 15 20
5 0.65+0.9 0.66+0.3 0.65+0.4 0.45+0.7
E coli 10 -0.22+0.4 —0.13+0.6 0.05+0.9 0.14+0.9
15 0.33£0.5 0.69+0.5 1.16+0.3° 1.66+0.5°
20 1.54+0.7° 1.88+0.5" 2.91£0.6" 2.82+0.3"

The data indicates means with standard deviations (three samples/treatment).

Synergistic effects indicated as + = (reduction achieved with combination of LT + AP) — (reduction achieved by LT + AP).

Antagonistic effects indicated as — = (reduction achieved with combination of LT + AP) — (reduction achieved by LT + AP).

Gray box: Among all combination treatments having > 1 log synergistic reductions, mean with different letters differ significantly

(P<0.05) by Duncan multiple range test.
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Table 3. Effects of LT and AP mixture on the sensory evaluation of red pepper powder

Sensory evaluation

Treatment time Color Off-Odor Taste Texture Overall acceptability
Control 5.20+0.5 5.30+0.7 5.20+0.8 5.30+0.6 5.30+0.5
15 min LT + 530+0.8 5.2040.8 5.10£0.5 5.20+0.7 5.40+0.6
15 min AP
15 min LT + 5.3040.6 5.3040.7 5.10+0.8 5.10£0.3 5.300.5
20 min AP
20 min LT + 5.2040.6 5.20+0.8 520+0.5 5.100.7 5.40+0.6
5 min AP
20 min LT + 5.00£0.7 5.10£0.5 5.10£0.6 520403 5.20+0.4
10 min AP
20 min LT + 5.00£0.6 5.2040.6 5.30+0.8 5.3040.6 4.90+0.5
15 min AP
20 min LT + 4.80+0.8 4.90+0.6 5.20+0.6 4.90+0.8 5.001.0
20 min AP

The data indicates means with standard deviations (three samples/treatment).

= WehA gt
A &4t 3t 7] OL%B}EH
Fo FAAGE fFHsiA|

27 A= OlTOW Al L%

°1E} :LEiL} o}& 7}x] B Oﬂ:rLoﬂ A AEE Haxe e 4t
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AA k7] Wl pilot scale®] &AZ

FUEE Doz o A7 vt Bed
e},
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200)E WES IV T E coli A% 2 AU
EHE ZAFSIATE A4 LA 7] B
dst= FHd 2 log,, CFU/g(=99% #+4>) o’ Yefligle

o, t71gZek=ut 5, 10, 15, 2 2087 dd A2 39S
o ztz} 04, 0.8, 0.9 2 1.4 log, CFU/g ZAEATE AL
At 2 ISR O e g = v el 1)

AE A ETE AL & AW AL A F, o)
NFESGzLE WA sto] tigde] BEYSE I-
6 log,, CFU/g ©1¢ 7r&=gik. Zejuh, A24d3 o))
GEezr gAY ne Bed FA (4, o, o, =
Azt 2 AAA AN5E)el e foHd Aol B
EA] FUTHP>0.05). whEbA] ALETbeo] m A ESHA gk
4 Fug 98] AL gy gEeze) wEAe
ol B9 WEALI} E coli®] FAF AYE} aHE f
st A AR FASAS AAsted aRelee

2 A4E T3 EA=u.
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