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Microbial reduction effect of steam heating, UV irradiation,
and gamma irradiation on red pepper powder
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Abstract This study evaluated the effect of steam heating, gamma irradiation, and ultraviolet (UV) irradiation on
microorganism reduction in order to determine an effective sterilization method for red pepper powder. The effect of each
treatment on the reduction of thermoduric bacteria and total aerobic bacteria in red pepper powder were as follows: 10 kGy
gamma irradiation, reduction of 4 log and 6 log CFU/g, respectively; 12 mW/cm* UV irradiation (264 nm UV-C), reduction
of less than 1 log CFU/g; steam heating at 120°C for 40 s, reduction of approximately 2 log CFU/g. High-temperature short-
time processing at 110°C for 30 s reduced the total bacterial count in Gochujang solution from 5.70 log CFU/g to 2.26 log
CFU/g; at 121°C, the solution was commercially sterile. Steam heating resulted in 1, 2, and 4 log microbial inactivation in
garlic, onion, and pepper powder, respectively. Steam sterilization, which consumers prefer over other methods, may be an
effective method for reducing microorganisms in spice powders, including those in red pepper powder.
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o1 FAFO) 4] (capsaicinye T3t o] 5 7S FLEA]
= A&EHoz #A4o] JtiKang 5, 2012; Ku 5, 2014; Park}
Kwon, 2015).

7R Sa% F2 g Al a3 A, FF, A
Sl Q3] FE IS Bon, 7P T8 mfue 25

FAA}e] 4] (capsaicin))} TlSlo| =2 7'”A}O]/‘](dlhydrocapsalcm)_.i e
AAEo] A= FATO]A 0] = (capsaicinoid)oll Al 711 gkc), EgE 31
7= H]E]r‘ﬂ C, 819, f714F ol ¢J3] =4 uto] -9
w, F2a WAl 7\3/3"3(capsanthm)—g FARCR WEpEE
(B-carotene), = H EZFE (cryptoxanthin) 5l 2J3] Ado] dd=
TH(Choi 5, 2018; Chun 5, 2009; Jung 5, 2011).

aev 3= Ax, w4 9 fF AT 59 AT Sl
AL o 7Fsdol wlg- Eofk ”*7}2] g AFANE &
A7F AAE L AtHLee 5, 1997; Mok} Jeon, 2012; Park}
Kwon, 2015). 7AH o8 15713 w37} tE FFEet A
Hj717ke] doj EF f WEAdw #Ed 7ol =il &

[ LA

al

g B3} s Aol A B Av] A dElel ) v
Lo wat oH9E 7FsAol EohSong F, 2012; Woo 5,

(SRS
AT

2012). = Jol] AF 3] f o Fto] AT
AZA FEH 73 AR F2] 7Fsdol =ol AE7tEe
nAE QP ERE FoRt Fost H4 a48y & 5 9
HKim 5, 2009; Lee 5, 2000; Song %, 2012). IL5=7}Fl oj
Sk AEFHG vAE AE VSS AR, FHOF (%)= 20
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olslEIIE FFo] ARl og FFo] FAHE), N+
n=5, =2, m=0, M=102.2 Ho] glon F3=7}Fr }T«_LL

o
IFEAFL o] n=5, =1, m=0, M=102.& = o] QJr}. AT
I3 7H°ﬂ gt mAE 29 disk FAHA B 754-2— A
B A 757 dikAlEe] 3-6 log CFU/g WIZ A

sl glon FPolE 14 log CFU/g, T ZAole 04
log CFU/g Atol& ZZEH o] mA&sHy flaf 247t sheh4, &
g4 9 84 Hrh zof A ArF Jagh Ao YEy
THSong 5, 2012; Woo 5, 2012).

oj9} o] AuFe} e FRIEE A H 5 ol WA
A=, FEe] B dF 59 o] $EE ol& WA
Sl A, Aoz oddAlZAo] = (ethylene oxide), ol €A Tho]
B Znlo| = (ethylene dibromide) 59 %5 % A9 A7t AF
BEo] o, FFA B9 A 5402 A3 kA F
AZ FAHOZE AMgo] FA HIL U= FAloH, A& 7
- EHAT a7 9lo] H-8ol HAIZE AthJung 5, 2011; Kim
S 2013; Lee 5, 1997).

olggt 71& Wy WHe FH] Y8l F= WA EF
S AHgshe v (gamma) AL, AR 7HET)oA WA sk
ZA A (electron beam) ZAF, LED 2], A4 G490 UV-C £
Ab 59 M7 ”ﬂ_"" ‘%“S% B8l F4 &4 glol Z1x7HE
Wil tigk At T8 s st
tHChun 5, 2009; Kim %5, 2009; Kim %, 2013; Lee %,
1997). AR A= E& 7FHAl Q5L AF &4 A, 7I8F
T2 FolAY A=Y WoldAl H sExd T8 3 PAR
oA, B, X4 5 FHe S A=Y A A8 F7RIA
A8 FdE JEAAS o RS 5, 35, 4 ke
5o thkst B e RIE Al dHdes HEEHA 9
thKim &, 2009). =3 37 253.7nme] AR]A ZALE AR
el Bdd #S AFEAITIE dEA H7HE Ao s mg
Eoll digk APd Ede AdHFEREXAIZhIV Alite] F/
wzt Zpel7h gk A ZAks AF QoE sPdoldt AF
e 717, A8, T4 AR TY At ol&HH, 53] 12+
e AEe AF e A A9 e A5 frasith
(Chun 5, 2009). o]21gt W T Zvpd 31 Az Ao 739
Alet g Fgo] AFadhes o ks HAR Y tigh 4
2t AzE F7) wet A9E Fgol s Jom, 1 ¢
A = Holx AgtH oz AM-E I ).

HZoe 29 7MY (radio frequency thermal)z} H]E HRA
Z2}=r} (non-thermal discharge plasma) M3 @& T3l 5=
7HR AEEd 228t tisk d7rF JelEo] HESH v
A Tt HAoU APH 28-S A= A Sl g
F7} A+7F 83 Alkolti(Choi 5, 2018). ©]9]oll ~HS &
|3t Aol i AT A AR sl Ag A
TARE Jou B Ee] g mAE A7tsl At A §l
ATH(Cheigh 5, 2011). o3} Zo] HA7A] AZ7MFe}F 22
oheFst Ax s B tisk a3l Aer Wi g
o] A & AAo|tHChun 5, 2009; Lee 5, 2012; Kim %,
2009; Kim 5, 2013).
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AzE IE7PRE AdE3Ee AXA HERE B
2l 741%‘%— Mg AW tHEREN A 913t
o] FEE T E27](Grinder, FM-909TC, Hanil,
Seoul, Korea)Z —Emﬂ‘?i]-@] 20 mesh Aol BT & Z]o g
(polyethylene, PE) AE9 1,000g SYE A T —18°Cl B
o} 24 FHe fASHA A Aol AHgslsith s 3
F7HRY 26 A 2 edaol tE ofg AdaiEe ndE
Az azts aAs] 98 dRe 4w JF glo] AdHe
2 EAsks AES 27 HE ARt 48S s

o} =3 2E7ME A ads 239 5% ol vl B A
e et AP & 5539 3] Fue] dx duket vis
S TSt A ol AHES FUS wVR 7 e
SR Zol Ay FREIT

AZ7HRC] tigk ek 2ARE Qs WA Ud B Eeod
g Az FAE o H E3A Nylon, NY 15 pm/PE 100 um:
FEE, 4.7 gm?24 hrs: AAATEHAT, 22.5 co/m?24 his)ell 500 g &
A= 3] TR} N EE %Hl‘é}&’iﬁ}. FAE TR 7w
ZARE A9 609t Ciel Co A& tHEZ ZAMAA(GREENPIA,
Yeoju-si, Gyeonggl-do Korea)—— 0]4901*01 1 kGy/hre] XFeE=Z 7}
z} 5, 7.5, 10kGy2] A3 A2 Xt 271
g HAdE AN EAE FAETY gHste] EASATHKIm T,
2009; Lee &, 1997).

DRIIE XM ZAL

JZ7ERO] g A8 FAtel]l ARE-E Fe Aol 7
2%k 264 nm 3722] UV-C ¥ Z(Clean Light XL, Philips Co.,
Amsterdam, Netherland)S ©]-23}4 . UV-C Fe] M xE=
60x12x9 cm (AolxExio])e] WEZE HR3le] 24zt 3, 6 12
mW/em® e 8% by ZE7HF Al ARt AR
FHE AF 22U TH IETHE AIEE 30x20x] cm (TFEAIE
xizol)e] Had Egolet frelHlE ol &ste Y dAE
datA BHE T AP ARG Y, vAES] FE84
(photoreactivation)2 Z243}8}7] 98l o]F2 Aejolld A&
o} olu 2AS UV-C Zee EFo] $olA UV light meter
(UV-340, Lutron Electronic Co., Taipei, Taiwan)E ©]-&3}] 33
e 24 SHYTHChun 5, 2009; Park®} Kwon, 2015).

IXIIR AR 71

PNE, Bgxr 9 22 2AY 122 Fe] Aol ARy
£ Z247F 2¥2F7|(HTST, high temperature short time steril-
izenE o838t AE7IE HAE Ao APS ATt
4 A8E A F8] HUEA 120°C o) Fe] AesTlE
HHo g HAlsks 284d7|E AR Yo wel 7FgAI b
8sollA 40s U2l =H3F 3 4504 249 FEYPO=Z Vs &
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UeH # AFdxe =HE 28AF7I(HTST-A600, Kawasaki
Kiko Co. Ltd., Kakegawa, Japan)& ©]-83}1THCheigh 5, 2011;
Choi 5, 2015). & AFloA A37F vAPE A 98 &
g FEF7] A 2 Wz e FAHCE AvEY WA
120°C2] 2xoA 10, 25, 407k 2 Ao 7 7b7)h kg o
F7he iEd o 227 Aed vE 23%0] 5717 3 H
D2 o]E A&3| EFoE ARAT|A, FAe|EFES o83t

of o] Il d2om WYrATle FHor FAH Uk

—

Sha| o] aA]l wAE A
A=A AT FUEY 2
L ar NG o]gate] 7rEdT Wl of
AFS FYsint. 71l olg F4 gslE Hasls] 9
2 AFox e dESES 2 3|72 At (batch system)
Al AL Akt (continuous system) )¢l L £=7) Abt(high-
temperature short time, HTST)S ©]-&3lth MEH oz AEH
Qo] F29 GF Ee JVIE olgsie] Ui A §AY
AEFE EHEE 7MEstes oA Jele] Ed7)(heat
exchanger)®] -zl w2t B3 (plate-type) 2 3 (tubular-type) &
R Y F AU, %, P 5 ARV R 9E 9
Z7F Sl AFY Aol Bol ol&HE W thal B AgeA
= FE JAE e IHES AR/ At Tl ol AR
He B EY A5 2w1E ol&ste 85, 110, 121°Ce] &
oA 3057t 71EAS AATSFATHChoS Kang, 2015; Kimzt
Yo, 2017).
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7k A S A8e IR nAE 248 98 As
10g3d d AT 01% WESF 90mLE 22 71(Model
MCH600SI, Tong Magic Co., Seoul, Korea)ol*] 30s 5o+ &3
S tS Hawe] ¥ 3min ¥9F stomacher (MIX 2, AES
Laboratoire, Combourg, France)oll4] 2] 3t} o] RS cheese
cloth® HZ23 0.1% B+ PETZ 34 & 7179 wjA]e] &
T3t

571 FAMFL PCA (plate count agar, Difco Co., Detroit,
MI, USA) WiXS ARE-3}o] 35+1°ColA] 24-48 h w3 & Zplate
oA 15-300719] colony”} Heol= A& AFsisitt. 4¢ Wi
o2 Ag AL 33 WSl Fo] HAXE CFUESE X
ANsom mAgES] E3H (detection limit= 0.5 log CFU/gE
Attt et v e M= 9-2=(Bacillus cereus)= mannitol
egg yolk polymyxin (MYP, Oxoid, Basingstoke, Hampshire, UK)
E AREEt 30°ClA 2 B Bl = Al eH, WEA
el HRERE AE 7 58 HBd TR e 24 Al
25 100°C, 10min 7FE3% & MYP (mannitol salt egg yolk
polymixin B agar, Difco Lab., Detroit, MI, USA) wljx]olx] u}-2l
F& AR HER wjgeix] SR B FHF A4S F
3 &7gsksdrt.

28]3 g (coliform groupy> TAEE SA4gk AR 1 mL
A& AxFE v A (coliform count plate/petrifilm™ E.  coli,
3M™, St. Paul, MN, USA)Yl AE3 5, 35-37°CoIA] 2442 h )
sl F2 g 5 T 71xE FAAS JEgrE AL
o= AFadrt. ol FR2EUR HZAN(Clostridium
perfringensy= AE7FE 253 0.1% Hd FEST 225mLE &%
3Fo] TSC (tryptose sulphite cycloserine agar, Detroit, MI, USA)

9} 7 &gtaly a7 & 35°Col|A 20h B¢ H7) 2=Ast)
HjeFsted APAQ A Mg Fie AEs vhe JHFE A
o~
T

M &N

b, SRR e ARS 2EEE aE7kRe 4
T 23 FFMIHL=9747, a=-0.02, b=1.67) 2 HAHH col-
orimeter (CR-300 Minolta Chromameter, Minolta Camera Co.,
Osaka, Japan)E AFE-3le] Hunter L, a 2 b 3he 43190 2
AlEe 33 whEste] SA A

SH X2

33] whs A dlolelol] thaire EAH71A] SAS (Statistical
Analysis System Ver. 9.0, SAS Institute, Cary, NC, USA)E ©]
f3te] A Agstiaed, T A o+ 7 Fo4 AL ttest
WS AAEt] BagkS Bty 2E]a, 37 o] AF
T 7] #9947 EAHEA (ANOVA), Duncan THEH 91744
(multiple range test, p<0.05)2 ©]8-3lo] H]x, A3}

Zaty

[

IXIIF 0|YE S
dutdos 1x7E= B9 B IFolA sl 7
ZH|RlE 2y A A dze] w93 Bk JVMEE Al
ke 34S WA AR o 23R AR ARSI e
AR 8l vAEY 2dAL, ARERE wAF 29
o4& A7 e Ad34ES dEsted dad
(Park3} Kwon, 2015; Song 5, 2012). 54802 &A| @o
S5 e A RS 60s ] ALA BAI7E ZAL
120°C, 40s W9 T8 &7 719¥o|t}, |9t Tl
A& 2 3F FHoF Axdd T =
FERZ0IY WA HE Fo 244 olES HET v
A T A Btk 38eE FAEe] Ark(Parkat Kwon,
2015; Song &, 2012).

7] mAdE Ao WhEel #d 2 A¥

ox o N o

< AABIATE B4 A= Fig 100419} 2ol 5714 dRkA|
(total aerobic bacteriay> 7.23 log CFU/g, BHIF2~ A2 yEy
TH(thermoduric bacteriay> 5.70 log CFU/g2 UYE} Z3=7FFu)
o] o]l WEAS 7 v R AR o2 AR
AEE o Y4 #HEE vRE B A, axThRde
ko] 3.28 log CFU/g, BHE 21 2A 8927} 2.81 log CFU/g,
F22EdUe HEPALE= 211 log CFU/g W= UER 1]
AE AAE fg Aol BFAYS & T ATk 53] =
22 dshe A8 e aAEL W ERAER TS
AT} 22 W digh AAE)rt Foluo S8
2 AT A elx AlF IE7FE 10T tie nAE 74
AT AME F 37143 57T 6.38-6.57 log CFU/gS.E, &
2 @ Z3olE 615 log CFU/g 283 AFES 245 log
CFU/g 7522 295 e AoRE yeht 7PgolA A
Ee AEFRE 48R ARA AF 94 A8 EAE 24
A g dera A dvto]l dathe AERIT F AT

(Park3} Kwon, 2015; Woo %, 2012).
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Fig. 1. The analysis results on the status of native and contaminating
microorganisms in red pepper powder. Values marked above the
bar with different letters are significantly different by ANOVA with
Duncan’s multiple range test at p<0.05.
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FE7FR] A FEE 3 R H7kE Ak Wl W
AP B zER)M 2AL Z9E AIE stk A¥9E9) Fig 2A
9 2BefA 9} Zro] ZhwpA Aol AL, RAPIE 5 kGy 2 7
kGylME 2 log 2 4 log CFU/g W99 Fgo] A on,
10 kGyolX+= 7.23 log CFU/ge] &714 Z+°] 1 log CFU/g Y|
g LR XS] HAEte] 6 log CFU/g Welol 973
nAE g 232 Yepidoh =3 WEAFE 570 log CFU/
29141 0.60 log CFU/g W92 Zhts]o] vpdss AlE UgdA |
AEe] ApEo= Fhupdo] g3AAS & & AUk b
A{AQ A+t Bd= PARdo] HAIE DNA #4190 92 B
T AR wEE Sl 48 dovEd, AR A
2]3t DNA #2F W2] 37t di(single strand break)s} 471
Ath(double strand break)Z 7+ DNAS| WA Awt dijo] o
of ojct. T 7Hy Ao T Aol B3 wkEsle] Fakslra
(hydrogen peroxide, H,0,)¢} 722 =48 Ad sigES 748t
o] DNA WA A doA mAES AFEAIZ F AtkKim 5,
2009).

2ol Wkl 2k b AS B 2 WG ERoA 2A)
BEE 3-12mWem? 522 AE]A] 1 log CFU/g Rke] Tt
TIE Ho] dstEo] 7k div] A8 "WojXithFig 2A 2
2B). AFJA ZAME o]&-3 BI7kE At 7§ DNA9] FEvdl
(pyrimidine) 971 7+l A71E AlZZFEH(cyclobutane)d ¥ 2|w]
o o]gHAlol 23 DNA 7% &40 g njiEo] AFEE=d o
YA Y 44 Fuago] 2 o] wjiel] AFael 3
AZF ATk & 4 ATH(Chun 5, 2009).

ool AollX 10kGy °late] b AP 57HRe] 9
A ERE 9l ol Slo] G o R SRIFoy
AR AL A AE BT AR 2 ooz 173
of ghofl whal X7 AlFol tigh Aujate] o s wrt AshE
427} o] dijtell tigh #ekQl Art dasithar @ 4 Uk

IR 71 MEE

Q] 71 At WHOR AF S AAste] 15Tt
Foll gt mAE Aoads AR 2@selch 49 43 Fig
2A 2 2BellA g} 7] 120°C, 10-40s L& 2Elog &7k 71E
Al 25s 7FEA] FE &714 Fto] 1 log CFU/g W9 7437)
AZsle] 40s 7FAA] 7.23 logell Al 5.12 logE 2 log CFU/g W)

(A) = Total aerobic total bacteria
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Fig. 2. The comparison of the microbial reduction effects of non-
thermal treatment as 10 kGy dose gamma rays, 12 mW/cm?* dose
ultraviolet irradiation and HTST using 120°C steam for 40 sec
on aerobic total bacteria and thermoduric bacteria in red pepper
powder. (A) microbial reduction effects by treatment intensity, (B)
microbial reduction effects under optimum treatment conditions.
Values marked above the bar with different letters are significantly
different by ANOVA with Duncan’s multiple range test at p<0.05.

A7rst HAurk v FE AlFe] WEAHEE 570 logellAl 3.60
log CFU/g FFL2 ZhstEo] T3 FAF8 2 log CFU/g W
9o WAE APEEIVE et IE7HR tigh AFTEY
HAE HE 715 FFolee e &g Ro= 80-85°C
71ge) 93] HHEHEZE 120°C 287184 nAE FAe)rAS vk
3= Zo2 Yeiyth Zepd 2AF wyel vjsl] AldEde
ol A%k 2 log CFU/gS] & 2¢(p<0.05) 2t &3S LEhY
22 7lEs 9 AT T A 218 A &
HHo g FIZIPE ] vpEREE AlFe] WEAES AT F
= o R et

2 AY 9 AV EeR 33ItRe] AtEEs AT E
AAEE AHEH, AAAEE 700 VIme 2 sl 72 s
90°CZ 143} 40 min ohmic heating® 2 FAZ|3INS wf A
= ®¥srt A9 glo]l 7] A7t 6.93 log CFU/IA 232 log
CFU/g22 4.78 log CFU/g 9] Zaste] A4 7Fsio] 95
o] 718 At Wgo] TR HAE Aol HHUAS &
4 AAtHlo 5, 2014; Lee 5, 2000).

28 7igiio] IxrtRe] nAE Ags a9 e A
2 Ueht AR FE2 A4e 7R S35 v 2 4
Dol h3t AgEHE FIE ZFEL FAHes 552 n)
5, out Edolle dukAlto] 6-7 log CFU/g, WEA vl E2
o] 3-5 log CFU/g 522 AT e o=z d&A 9l
th. A% A3} Fig. 394} o] 555 £ 4 log CFU/g, &
g B2 2 log CFU/g, 28] vkE 42 1 log CFU/g W]
9] 3714 Fato] FAastrh ok xR B HE A &
7t Aol v AL iR A AT g A 9 o

M |o
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Fig. 3. The comparison of the microbial reduction effects of
HTST using steam on aerobic total bacteria in various spicy
vegetable powder of black pepper, garlic and onion, respectively.
Values marked above the bar with different letters are significantly
different by ANOVA with Duncan’s multiple range test at p<0.05.
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7t 4R gorm=m vrtE E 7HE A Ao A ¥sE F
g9k vlwsle] EAatk A8 A Fig 4048k o] 7+
v 2 e FAle} 72 vi7kE AFolldE L, a, b el ¥
3P7F folH Aol7h §le FE(p<0.05)0= veht Adusit A
o A " fle A= Jeith

7tEARFER] 2ETME XM E THE AT ke A
Hsl7E fo)A 2ol (p<0.05)7F §le ASE Yeh(Fig. 4) P4
E Azksl a3, 9d A, AHErle 2 AHzF s §
3 AR 2® shde] Ak Fd & §lol a9
2 7P B R AT S AdT & e
o] oz AlgETh E3 3 EFF 54 ErE
8 AEQ vt el #HE FYArto] M (capsaicin) 32
H7HE S AEH] Uist B4 2 3@ I FFsie] A
o] AHA F8x ol Ui AFE B Aol
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X

L[> oy B fo

Viable cell count (log CFU/g)
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DENFE AZL TRFS P FAF ek 2ne
i BRE A D220t BASE el EE By
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g W, W 5O FUA 3R, B, B, A2 5
IR sl TS Jhl AN BEA A% BE =
FOR 78 log CFUge] Fite] A4t Qov), 53] oy
st gl vhaT2 A% WEgel <)

o F4 At Lol uE At Pie] Fourt Fa
H

> tlo kI 1o u@
N

07 F2 gl AFZ slo] stAAFE T3] it A
22 AASFATHKImZ Moon, 2014; Lee &, 2012).

A 25 228 Ao R gol AREHI Qe Wl
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Fig. 4. The comparison of the color value of red pepper powder
by various non-thermal treatment as (A) gamma rays, (B)
ultraviolet irradiation and (C) HTST at 120°C. L: Degree of
lightness (white +1000 black), a: Degree of redness (red +100<—
80 green), b: Degree of yellowness (yellow +70 ——80 blue). Values
marked above the bar with different letters are significantly different
by ANOVA with Duncan’s multiple range test at p<0.05.

Heating temperature (C)

Fig. 5. The comparison of the microbial reduction effects
(detection limit: 0.5 log CFU/g) of HTST using steam with
various heating temperature (85, 110, and 121°C for 30 sec) on
aerobic total bacteria in Gochujang (red pepper paste) solution.
Values marked above the bar with different letters are significantly
different by ANOVA with Duncan’s multiple range test at p<0.05.
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