Food Engineering Progress
Vol. 16, No. 2. pp. 107~112 (2012.05)

TR

Food Engineering Progress

Reduction of Microorganisms in Red Pepper Powder by Low
Pressure Discharge Plasma

Chulkyoon Mok* and Hyungjoo Jeon

Department of Food Science and Biotechnology, College of Engineering, Gachon University

Abstract

Low pressure discharge plasma (LPDP) was applied to reduce the microbial counts of red pepper powder, and its
effects on the quality were determined. Red pepper powder samples purchased in local markets showed substantial
levels of microbial contamination; 7.33x10*1.07x10” CFU/g for bacteria and 3.47x10%*-3.16x10° CFU/g for mold
counts. The LPDP inactivation of microorganism in red pepper powder followed a biphasic first order reaction kinet-
ics. The LPDP inactivation rate constants increased with the input power and the fineness of particles, and showed
greater values against mold than bacteria. Excessive LPDP treatment induced substantial changes in color and reduc-
tion in capsaicinoid contents. However the sensory color and taste were not changed significantly with the LPDP
treatments for up to 5 min. The sensory flavor and overall acceptability remained unchanged with 10 min treatment.
The optimum LPDP treatment time for red pepper powder was 5 min, which resulted in 1.5 log reduction in bac-

terial counts with no significant changes in sensory quality.

Key words: red pepper powder, low pressure discharge plasma (LPDP), microorganism, inactivation, sensory quality

goll w2} A
ek 277t

NEAE 4
& ol o
AorabALt W AE
o olg @ gol W
H7b 7 0] 4 o) vk ol

TFE AT URRY FARE DTG

e S ZEEA AN Ee

o

*Corresponding author: Chulkyoon Mok, Department of Food Science
and Biotechnology, College of Engineering, Gachon University, San 65
Bokjeong-dong, Sujeong-gu, Seongnam-si, Gyeonggi-do, 461-701,
Korea

Tel: +82-31-750-5403; Fax: +82-31-750-5273

E-mail: mokck@gachon.ac.kr

Received February 10, 2012; revised March 13, 2012; accepted March
13,2011

107

[eXe=R=|

shal P E PAES HFAF 7HA oldqsiAl Hol AL
7 ZﬂE—J n A=A QP ol FEkS 7)1zt
(McKee, 1995). -2luel 232 mAE 2H9LS 1.0x10%-
1.2x10° CFU/g 4~<=°1™, Bacillus FHE olF= A
o2 4#HA Uth(Yoo et al., 1983). A=A T3] A=
3714 mAESF7F 2x10°5-8 2x10° CFU/g 522 =]
A 3130 HlEle] QPET} oW, E coli®t B cereus’}
T8 oY UI%%& 3% A tHBhat et al., 1987).
gtznts AdeE 7AZ2A 7S | ol F47]
;ﬂx}ﬂ' Aol e WER FRx ] A7|HORE FA
PAYAE kol AL ol |A] Ak, vhddk of 7173 9
W 3 FHe] Aol S EIstEE o] A
t# Zp-goll oe mAY=S AbE T TH(Lerouge et al,
2001; Moisan et al., 2002). Eet=ute] o9& mAd&E AP
2 AgE zpe]dof o]gk DNA HE, 294l Ftol 946}
s s 2 A EE Y 229 WE, 28
gt=ut2 Y A E ¥4 ekl §3 Tl 719l
Aoz 4#HA AtH(Moisan et al., 2002). 53] 7
A 7R S 2 EHA EE}ZUPE A7 Z
o waye HasE &
o] 2] s} 4-“501
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< o]F = ABHE olF T U] doll WFE AE T
e g Aol A Aol ATHMok &
Song, 2010).

2 AFoMe ol8d 545 Zte AshidEg=at
(low pressure discharge plasma; LPDP)E AF&-3}e] 3137}
FE Ao A nAETE KNS sk Ve

7H”‘3}71 date] APz ¥ AgaFet LPDP 27t
Z7hse] o) MAE GFE ZAIRI

X OH
AENE
2 Adyof| AR IR E AU AY A B
A3t TGAPEol A 3t AE-sS T

LPDP &X| & A2 X2

LPDP ZX|(Mok & Song, 2010)2]
0.1 g& FEZHA | eFA HA ¥
= 7153 1 Torr(133 Pa) A EE 749
350 mL/min®] £ 2 FYsAA 58(27-100 W)=
st A F3HLF) 225 el 93l LPDPE A3kt
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IR FFE AR 01g2 99mLe] He AAd
dstetar 10 R34t mEH A
(KFDA, 2005)°ll ¢J3 AE=FFE At vixe =
T Becton Dickinson and Company(Sparks, MD, U.S.A.)
AFS AHgstem, A
Bacillus cereus~ mannitol-egg yolk-polymyxin(MYP) agar
E, A& potato dextrose agar(PDA)E AHE-31S T 3]
ol 100 uLE T agar 9ol =3 & MF3 Bacillus
cereus= 37°COIA] 20-24A17F v st & g A3t
A3t

a1, ol thalA = 30°C A 244 7F v oksl &
Atk

plate count agar(PCA)E,

LPDP & IiEd

LPDP 23S 2] ()3} 2ol 12 ¥k-gol 2] A3k
AP A9 717125 AdEEdTKE T
tH(Mok & Song, 2010).

ln]&) =k-t 1)

N

_l_—'—7 I,E -u-xl _'_A_-|I

AE7F ] A= ARA (color difference meter, CR-
200, Minolta, Osaka, Japan)Z Z=A 3ttt LF7IE=
@35 mm FHEZHGA Hol JA| ] U] AxpA L] AA
£ 9IAIBkAL 5 3] RbE S 33T

)

ASTA colorZt2 Chung & Hwang(2003)2] WHo =z
Aatget 1 7]——r 100 mgS 100 mL A-&Z2k2==9
33 90 mL MBS 7hste] &gk thy oA 4A17F
FNeste] FE3 —?_F 100mLE B&3utt FEHS
Whatman No. 5 S#A] & AME-3te] o] Z3}al UV/Vis l"i:%
B (T60, Sepoong, Anyang, Korea)S AFg3le] o9
THEE 460 nmollA] 243 2] (2)0] 23 ASTA color
V\]'O} AT

i

_Q_
W=

Absorbance x 16.4

ASTA cl lue = 2
5 clorvale Sample weight (g) @
Capsaicinoids(capsaicin + dihydrocapsaicin) g} #-2 HPLC
£ ARt AT AZTEE 25 g5 Alddel ¥

OMIE 15mLE 713 ¥ 35A17F &9t 1190}01 FZ3}
459 SmLE 100mL WA Hste] FEoIA oplE
AN F, RS SmLE Ttele] FUVFEE 4
ATk o] §91L 045um HPLCE FEZ ofztal &
1.0uLE HPLC(Agilent 1200 series, Santa Clara, CA,
US.A)ell st A8kt 42702 ofef ot 2t

Column : Chromolite Re 18¢ (4.6 mmx100 mm)

Solvent : methanol:water (7:3)

K

% rUlO

Flow rate : 1.00 mL/min
Detector : diode array detector
Wavelength : 280 nm

HPLC ®4 % dI3ZWHOZRE  capsaicind
dihydrocapsaicin(Sigma Aldrich Corp., St. Louis, MO,

USA) A E 7o ® 72te] s FsilaL ol &
o] ¥ 2 ZFcapsaicinoids S A&t

ZsdA 2 EAXZ|
LPDP 2] g urﬂ?—
o) st .»]—‘—74/\]—
1572] 78l :
&kl A 5 700 goll ALZ7HE 8g, A 28 Thetal
Al EFste] Alzstsltt. #E AL Aol tih SA1E
A& SAS 9.1(SAS Institute Inc., 2004y AHE-5He] HAHE
Ae AR F AP 2 Apele] o9& A skl

4,9, g F94 7)E

2=t
Ittt
AFAM BeltE 9 Fe) 1FITE PGl L9E

£ ZAFS 234 Table 13 7ol A+t 7.33x10%1.07x10’
CFU/g HY9 2YEE H3oH 33&2—12 £ 2.85x10°
CFU/gel 2 9=5 Yellt a7 = 3.47x10%
3.16x10° CFU/ge] M 91E B3O, %& 7.09x10° CFU/g
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Table 1. Microbial contamination of red pepper powder sold in local markets.

109

(CFU/g)
Sample code Bacteria B. cereus Mold

A 8.47x10°4+2.46x10° 2.66x10%41.91x10° 3.16x10°+8.68x10°
B 7.33x10*+5.51x10* 2.05x10*+8.09x10? 3.47x10*2.76x10*
C 4.80x10°+7.81x10* 2.33x10%+1.16x10* 1.89x10°+5.73x10*
D 1.26x10°+6.03x10* 4.88x10°+3.06x10* 1.98x10°+3.88x10*
E 1.70x10°+1.99x10° 2.47x10°+8.08x10* 8.37x10°+£8.50x10°
F 1.16x10°+1.41x10° 9.80x10*+3.02x10* 4.34x10°+4.15x10*
G 1.27x10°49.54x10* 1.05x10°+5.29x10* 3.78x10°+1.16x10°
H 4.53x10°+3.22x10* 1.56x10°+6.81x10* 3.30x10°+3.20x10°

I 1.07x10"+2.14x10° 1.76x10°+7.74x10* 8.00x10°+8.70x10°
Mean 2.85x10%+3.86x10° 7.26x10°+6.03%x10* 7.09x10°+1.01x10°
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o

= o

A0S & AAJY B cereus LSHEE 2.05x
66x10° CFU/go. 24 3137120 EAsts Ald & 575
< o] FaL AT

IFT7MF EASHE AldS B cereus’t FF2 245
I Atk AR T AtollA] &Rl E vk AltH(Antai,
1988). =4k 159 P E LAEE A Yoo et
al(1983)& ZFFE 1.0x10-12x10° CFUJg 43, B4
TS 10 MPN/g, tHAHS 10° MPN/g 52082 Q50
Aot 39S, Bacillus pumilis, B. licheniformis, B.
subtilis, B. polymyxa ‘5 Bacullus %°] F+F/FE ©|ETaL
RIS} A= AFe] AL E coli®t B. cereus’t
FE o]FH, 2x10%-2x10° CFU/g 3¢ L¥E2 BT
(Bhat et al., 1987).
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2I7tS=0] XIIR2| LPDP &mof OIX|= 2gt
S5E7HES] LPDP At Al I7Fe#(FE)0] Akl
TAE G AR A3 Fig. 13} o] &0l wet i

2
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Treatment time (min)

Fig. 1. Effect of power levels on LPDP inactivation of bacteria
in red pepper powder.

Table 2. Inactivation rate constants of bacteria in red pepper
powder at different power levels.

Inactivation rate constant (min™)

Power (W
(W) K K
27 0.563 0.220
54 0.970 0.213
100 2.650 0.160

4&37F F718kTh LPDP 187F Ao 93 =9
27 We 54 We] A 217} 0.2, 04 log A= AHa3}s
Hol vbd| 100 W AS-E 1logE A3ste Aaads
Hjom o] ol vl sty E& AEAE VER
. E8 27 WeF 54 W 7He] zpol= AA| FUo 54 W
o} 100 W] 7te] Zol7F A Yeh o] %9 Hele &Y
100 Woll M AA) skt

el AaFds ZAR 2GARE FAE 1A vkl
S|Ase] TAE A& dsrE 7 A Table 29 2
o] g me} | @A AdEEdTk ) B2 e B
ow =3 100We A 27Wet 54 Well H]she] 74z}
SHiel 38 AR Fobx] Y| wgt e R FUt
S U 5 AT 3 29 AESEEATFK)E E
o A#gle] 0.160-0.220 min™ H L olA FASE 3HS
t}. LPDP A 98l& RFE4FE g2 3 750
A 1A RR o R Vel v glom, TAE Atdde]
ztole A E FF B EWF i A=l gk Ay
o] Aol 71¢18kE Ao FHEJTHMok & Song,
2010).

Q=7 DFJIEL| LPDP A0 O|X|= P&k

LPDP 4ol PlX& Y=o JFS dolrr] 93ty
30 mesh(FE=7] 0.550 mm) FFAS AF-sle] 3571E
=2 A 9ol 4 FE(+30 mesh)?t S33F F-5(-30 mesh)
o=z Feste A stk &9 100 WellA 2] LPDP A+
a3+ Fig. 29F 2] -30mesh 38 ©] +30 mesh 3 |



110 23157 .

——+30 mesh, Mold
—=—+30 mesh, Bacteria
—&— -30 mesh, Mold
—>»—-30 mesh, Bacteria

Log (No/N)

0 1 1 Il |
0 2.5 5 7.5 10

Treatment time (min)

Fig. 2. Effects of particle size on LPDP inactivation of different
microorganisms in red pepper powder.

Table 3. Inactivation rate constants of microorganisms in red
pepper powder of different particle sizes.

. . Inactivation rate constant
Particle size

; ; min’
Microorganism fraction ( )
k] k2

Bacteri +30 mesh 0.7821 0.0304

acteria -30 mesh 0.5839 0.1773

Mold +30 mesh 1.6720 0.1960

-30 mesh 1.9007 0.2614
ulstel A7t 2 e QEvt 4245 AEas)
oF 4= ik AOE& ® fsiaol 5301 LPDPS}

oz Uehgon 9= @&
Aol k, k, B AFRch 2 g}

A= gl ASTAZA

LPDP Aol ot Y= axrhfe] A wsls 2
Fig. 37 ZFo] Y& +30 mes
2ol ofsll L#k bkl WskeE A {1, agh 9
asle A Ry v Y% 30 mesh IEVRE
L# bk oF7F =713k whd azre d X&) 745k
o] ke = A0 = Uyt

AT A 7] O E LPDP A A b mE 3
7122 MALE AAFEE A3 Table 49F 7ol 2] A]7bol] H]
g ste] A7} %7}‘8}912fﬂ , 53] 4=7F 22 -30 mesh
AFETFRA A Wy FEH AT ARk o g Maprt
3.0 oldold Fo B AT F e FEYS AU o
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™
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Fig. 3. Changes in color of red pepper powder of different
particle sizes during LPDP treatment.

Table 4. Color change of red pepper powder of different
particle sizes by LPDP treatment.

Treatment Color change (AE)
time (min) 130 mesh 30 mesh
0 0 0
1 1.066 2.474
3 2.474 8.073
5 2.707 9.255
7.5 4.081 11.173
10 5.553 11.120

(Song & Park, 1995), +30 meshe] 7% 5% ©]sle] X1
= Al HEAZ|RA gEor} 30 meshe] 3¢ 3 & oA
o] Aol e AAE F de £ AHSE 2gsh=
2oz et

Ax=W A8 A ASTAZFES +30 mesh®}t -30 mesh 257}
Foll A zhzh 109.883) 84.46°]1%1th. LPDP 2ol <]t
ASTAZL W8S HH Fig. 4olx1e} o] AA|7ke] whet
dashe Fe Balon, 9E7F A2 30 mesh A57F
FolA A7 o Al vEbsTE 53] 5\7] 327k
ﬂ\ﬂ"ﬂ"ﬂ A Wyt 2 Aoz Qo] IFEFe] Ay
frAsH LPDPATEHE AFeEH Y=rt 2 3L
7}%5} 3 YA 7F AgElE Ao] upEkAE Ao

HU >«1NI
S

2o A

LPDP &ato] 31571F2] mf g5kl w]
R27] 9lsle] LPDP *2|A]7HE capsaicin &
gt A3} Fig. 59F 7ol capsaicin® dihydrocapsaicin®]

retention time= Z}ZF 7.6 &3} 10.5 ®°] L2 H, capsaicin
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Fig. 4. Retention in ASTA value of red pepper powder of
different particle sizes during LPDP treatment.
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Fig. 6. Effect of LPDP treatment on the capsaicinoid contents of
red pepper powder.

F¥ A3k Fig 63 2ol Akl wel ashgih.
2] 9] capsaicinoids S 44.5mg%°] 1™, LPDP
i A7 FE 31.7mg%z, 10 & 2] FolE 274 meg%
Zaske] 742} 28.1%9 38.0%S] 7HAES BTt 3

5 HAOH(Ku et al, 2001), 130 mg% ©]’d= RIE
v} I THChung & Hwang, 2003).

ZHsEY

LPDP A2|gt A7HE5E H7iste] ek Faje
AAF A= Table 59F o] Az} ke 54 ©
o= FA T} AolE HolA] AU
A= sl w2 A5E B wid
7155 xRS A foAE Kol
ole] Axt= ¥ 53 o|st=E LPDP A& 7%
T ATEAS FATS ¢ F AN, 5wk
nAEL [ 5log A% HA2AIZ = 2o (Fig. 1)
of ZA J&L FA gowA vES AT
o7 golEAt. LPDP H2le &5 157179
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Table 5. Sensory properties of turnip salads tossed with LPDP
treated red pepper powder.

Treatment time (min)

Fig. 5. HPLC chromatogram of capsaicinoids in

red pepper powder.

LPDP treated

Sensory properties
1Y prop 1 5 10
Color 6.733° 6.467" 6.200% 5.067°
Taste 6.733° 6.000®  5.400%® 5.067°
Flavor 6.400° 6.400° 5.467* 5.533%
Overall acceptability ~ 6.800° 6.267° 6.867° 5.733%

3} dihydrocapsaicin =5 LPDP 2]l <J3] thi 7+4s}
= Ao & UERETE LPDP A 2]A 7kl W& capsaicinoids

Values with the same letters within same row are not significantly
different at o = 0.05.
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AR 4 HsE UEHA dtshe 7les i
2 Z2t 2ol LPDP) S ©] 83 7G4
St LPDP Aol o] st FHMsIE A8 T Al
Z o 2R LAEE Al 7.33x10%1.07x107
CFU/g, A5 3.47x10%3.16x10° CFU/g2] 9IS Hof 4
e FEoE 29E AFSE IAHUT AT
LPDP 43t F©E 297 12k g0 2 vepgton, &
ol me} A&7t ST B Rt vk
FE AFEHTE FUIeIReH, nAE FREEE Aol
Hlgte] ol et AFasrt A Yepdth 3=
LPDP A2l 57FF2] @43t capsaicinoids 92| ZF
A5 skt LPDP A 2] 575 ARS8t =23
Fae dedAr A A gk 57 A7 E FAE
ToF 2|7k gleyt 10+ A2 Al folsiAl e
A4S Bk v &3 7sroM s A2l el FA
T Zroll FeAE HolA] ol 5 & o]3t=E LPDP A&
A HSEAS FASEA oF 1.51og 9] MAE A7

s}7F 7Fs sk Tt
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