Food Eng. Prog.

Vol. 22, No. 4. pp. 386~391 (2018.11)

DOI https://doi.org/10.13050/foodengprog.2018.22.4.386
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

Research Note

MK

Ultraviolet-C2} Z

o9 o
QA LS| Al A|AEIS O]
W3] - ol 5!
R Eask s

n-wr

r. JkII.-°é1IE'o1

Food Engineering Progress

Microbial Decontamination of Black Pepper Powder Using a Commercial-scale
Intervention System Combining Ultraviolet-C and Plasma Treatments

In Hee Bang', Seung Young Lee', Kyoon Sik Han’ and Sea C. Min'*

'Department of Food Science and Technology, Seoul Women's University
*Kyunghan Co., Ltd.

Abstract

Effects of a commercial scale intervention system combining ultraviolet (UV)-C and plasma treatments on the
microbial decontamination of black pepper powder were investigated. The process parameters include treatment time,
time for plasma accumulation before treatment, and water activity of black pepper powder. A significant reduction
in the number of indigenous aerobic mesophilic bacteria in black pepper powder was observed after treatments
lasted for > 20 min (»p<0.05) and the reduction was differed by powder manufacturer. The microbial reduction rates
obtained by individual UV-C treatment, individual plasma treatment, and UV-C/plasma-combined treatment were 0.2,
0.5, and 1.0 log CFU/g, respectively, suggesting that the efficacy of the microbial inactivation was enhanced by
treatment combination. Nonetheless, neither plasma accumulation time nor powder water activity affected the micro-
bial inactivation efficacy of the combined treatment. The UV-C/plasma-combined treatment, however, decreased
lightness of black pepper powder, and the decrease generally increased as operation time increased. The plasma
accumulation time of 20 min resulted in significant reduction in both lightness and brown color. The results indicate
that the commercial-scale intervention system combining treatments of UV-C and plasma has the potential to be
applied in the food industry for decontaminating black pepper powder.
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Aol fFEEE $59 A =22 Ad L9EE B oKel

, 7 log CFU/g) (Park et al, 2018). FAIE2] MAE oA
XM 71eR Atslo g o83 T35 ATt WA =
APE DAIRE T Mgl A9, qbstegile)] o5 222
2 oge 2 2EgR e ‘:—4 by FAES A4
g 7 Aol FHAFAAME AEol FAEHIJLH

(Schweiggert et al., 2007; Hertwig et al, 2015), WA
AR AHRPe] 87 W T o] glojx(Noi et al,
2008; Hertwig et al., 2015) Algo] thdt A2 ¢ vy E
A&l 71 o]l @555 Tk

UV-C (250-260 nm)= V] E2] DNAE 33lehx oz 4t
shA17]1a FErd ol FAIE FAAIZI S ZH DNAS] AL
2 M X BA| 752 223 (Allende et al., 2006; Cheon
et al,, 2015) 2412 #H v =L A3 ) (Bintsis et al.,
2000; Fine & Gervais, 2004; Ha & Kang, 2013). S}A] %t

UV-C A7} A&l 294 mA=S a4 o= As)i
7171 flad 71 AZE A E ashH, ols AFe] AA
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hsl £2E Eole § FE WIE 2U¥ U
(Degala et al., 2018). W&tA UV-C A =S t& 2 7]
<3 Yt 5| E 7]<(hurdle technology)® AHE-3HO 24
A A7+ #A StHAE v ES §840 2 A|ste
71 el A4S 7HE S T

STh=nt Aels AL, A AL, Fol2, ol A
fr 27, 28a A e da @45 22 354
SHFTERE 7Y STt mE At Ad 3
W 222 AE W DNASF §hg-ste] mAES #3lA]
7= 7l&°|ti(Laroussi & Leipold, 2004; Kim et al.,
2013; Kim et al, 2019). Kim et al. (2013)& 2 A2k
B3 712E o] 83sked 900 WellA] 20% St mlo]aZE S
o|H Ao 7 $RILRo| FE Zetxet Ass o,
TRl 3714 vid=S HE A ©l8K(1.0 log CFU/
@)= W0 Zt=ut AE7F EEe] niE SHEE A
ZstA 7= 234 7ledS Bt EetRvke
ThFeh WA o g2 FAE e 25 7Y SS=e Al Es

v} Ae 4% B 242
sheln AEe) BB AL o] Sla) ArEol

A AR GUE ol 8-ste] AFe] vAES AT A
T B vk glok w2 o] 542 UV-Cet
Eetzvks W AUV-P AE)shs e 2 AF
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At - el

it gulE o]&dte] UV-P A Al A 2 Al &
gzul F2 A7V, 283 $7HR] i ST W
Agle] 71 EFF vAE Aot AE Wste] nX=
BFS A8t Aol
T X

IHE
2 AFAA ARE-gE 571 (Piper nigrum Linn)©
23 (Gimpo, Korea)Z} Zt2F=(Seoul, Korea)ollA]
WS, Z47ke] FTMRE AR A9 AR BE W
&tk UV-P A2l Al UV-P gH] 25 Aj7ke] $371%
Bz vy E Ao} Az gt Y-S dEste AP
AR AE AE AMESEALL, 1 9 AFoAE Al BE
AHEEIAHE BE MR 2 AE dEHE 22(23.0£20

°C)elAM K= A

R

UV-P 2| A|AE]

B Aol ALgg kb UV-P A2 Al Z~E(SWU-5;
Seoul Women’s University, Seoul, Korea)> &¥7] =71
(SLPs-75E, Anest Iwata Corp., Tokyo, Japan), & 7] 7=
7]1(XD-20, GSA Co., Gwangju, Korea), 2] 4= 37|
178 A (Cheil industrial Co., Hwaseong, Korea)Z ©]F¢]
A FYFE, A1E FY71@1L, Duk Young Engineering,
Seongnam, Korea, Fig. 1), UV-C # ] 7|(Fig. 1), L8]
Z2}=vl A|E A 2]7](FP Squared Co., Seoul, Korea, Fig.
DE o] Folzl A5 A, 283 YZH7I(HAC25 A,
Hwashin Tech Co., Daegu, Korea)®} ¥7 A7 (Fig. 1)2
2 o]Foizl YR E FAHEAY. 7] 4571, 371 Az
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Fig. 1. Image of a commercial-scale intervention system combining treatments of ultraviolet-C and plasma.
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7], 283 4= 37 A% "Bas t7le] 3E A%
T Agste AA=E, AFE F7e EH=RvE 34
3 7171 WFeA ARE £38A17]7] S8l AFEE A
FAHlo A AFEE UV-C A7l 2719 UV-C ¥=
(GPH510T6L, 58 W)= A H o] 71719] alehiio] A5
AL, 719k WA o] Fek=nt AE A7l 9] A
Y A =22 FAEULH 7]7] speiol A UV-C A2
o] o]FE AEE AHF R Eg=v AE X%’JEL T
UA AR =T AR FY7I FYE F7HFE 840
LAt olshe 7z F7]d ¥¥ 0.5 MPa®] ?}Es}gi
ZAA olFEH, A8 FY7] W WHE= 85%0 & HA
g A st

Al

r}mﬁrﬁi'

UV-P 2|

UV-P Ag] Al gH] 25 A7ke] 52715 Bz A&
Asf ol MEel theh FEFS Gl 8l 2E A
10, 15, 20, 25 23 3082 sl TS 3
g3ttt UV-P A7t 37179 mAE Ao 3o
*Péiﬁr—e— Hol=x] gRlst7] I3l %“:7}‘2% = UV-
C, ©= Zgf=ul, 283 UV-P A2 & A3
stAth UV-P A A Fek=n} 4 AVH T E
2k u A E Aok Mo gk FEFS g1 fla 2
Zvp A A7k 0, 10 283l 20802 FEshel(Fs
A7k on) UV-P A 238l2th UV-P ] A 8 ST
(a)oll & F57HF9] B v E ﬂoﬂﬂ} Ao g
FEFS IRls7] f8l a, & 2EHA B2 TR,
0.6)2 a & A3 F37HF(a,: 0.8)F UV-P |5ttt
olw] AHg-E Fekzrh FA A7k UV-P gu] 2Hg A
2 ZH7F 1083 2020 th F/RTE YL HAAoTH
o 378 397 414 8021 FZ7HF9 a5 082 %
Akl a, 082 FX7HF7F MRE SAA 2 7MY =

2 a o]tk

2

0= 24
A=A FAY &=
AgE FZ7HF 1gS ‘ﬁﬂ 81 (310 mL, Nasco Whirl-
Pak®™, Fort Atkinson, WI, USA)ol &2 & " 0.1%
HME  F(Difco™, Becton and Dickinson, Detroit, MI,
USA)E 9 g BT s|XE AEE Ed4¥ 0.1% HE F
Z oA gAste] 3 St El A (plate count agar, PCA,
lecoTM)oﬂ Hae ug;}z o] & 37°CollA] 48717+ &3 A%
T R FAdE FEYUE Agste T2 3714 Al

& 248kl

V, @5 ZFghze = UV-P

T =

M =X
-1 1o

UV-P x| ] 25 A7He] $570F Ao ek |3
& BB APIME AR AS AR, Sz}

QAN Al A|2EIS 0]83F T3 n|AE Z5) 388

FA A7 a0l Aol tist TS FEs= AP =
A8 BE AHE3IATE UV-P A HAY FHR] 82 5¢9]
ANE8E A& A ED HAl(diameterxheight, 35%10 mm, SPL
Life Science, Pocheon, Korea)S 4 3= (Illuminate C,
2° standard observer) ¢]°| &3 $ A7 (Minolta Chroma
Meter CR-400, Minolta Camera Co., Osaka, Japan)E ©]
ot $7HF A& CIE L*a*b* 3R S35

47} (hue angle)2 tan” (CIE b*/ CIE a*) 2.2 A 4Fs}A ).

=C 59

F2H UV-P A Al &g YWt e a3y 715
(KR 2S00, Chino, Hwaseong, Korea)S Al&3to] =% 3}
3L, UV-P A A3 & $37179] 38 22 49X
SA(DT 44L, DIAS Infrared GmbH, Dresden, Germany)&
AHg-ste] S48kt

M rlo 3@ X

A 24
9E UV, ©E Zgxv 283 UV-P AP $3271F
o] BER nAlE Aot Mx 4 AL 23] vHEEHII,
HHEuit) A E B4 Aw =42 7z} 279} 47]9] A
EE o]&sto o|FoRt} 7k &9 HAzkel gk A
2 folA 7172 SPSS (Ver. 24, SPSS Inc., Chicago, lL
USA)E o83 SHE ttestZ2 FATAL, FIx7T
= 4% 49 A EAHEA (one-way ANOVA) 5, Duncan
59 7% (Duncan

< 3 tH0=0.05).

’s multiple range test) O & AFF E-4

An e g

|

Ml

E |

2714 Mz X

Al LI=7F 7.7+0.1 log CFU/gCl A& AZS 10,
15, 20, 25, 7187 30% EoF ZEAA UV-P 2 53e
g AlE A9 BEF T2 A Alde 77 0.2+0.1,

0.1£0.1, 0.3+0.1, 0.4+0.1, =22 3 0.3+0.1 log CFU/g A3l
] oluff 20, 25, 2] 304 AHTlE FIIFY B

2k T2 3714 AltE FreH o2 A A1 THp<0.05). ©]

=
7]

%N' 1

F APEL 5217 EF & 3714 AdES 797
o2 =4 AN FE A7 F P #wHEe A7H 208
o7 33Tt

Z7] Al Y%7 2% 7.7+0.1 log CFU/g2l A& A
P H2atS wf AlE A9} AE B E
A T2 35714 ﬂ&~ Z}7} 0.3+0.12 1.0+0.1 log CFU/g

A& Eo] A& BoA HAE A7t o] ERFoz Yo
$os 4 = AATHp<0.05). AN FE ASH Bo| FE71F9]
FW Aol fAbsltha 7Pt Aol ®Hel mAlE
Ael ztol= AR A% BO A2 tE o9 mAlE] 7]
ettt & 4 9ok
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@5 UV-C, &5 Eet=rf, 283 UV-P Hge 571
Fo EF 22 3714 AES 02+0.1, 0.5£0.1, 223
1.0£0.1 log CFU/g A AIZITE. UV-P Ao o3 mA=
A go] GE UV-Co} ©E etz Ao o3 nYE
A& THTF OB (p<0.05), UV-P 22| mAYE
Al Aesads G F AJTE FEEHd= UV-P A
2] A] Zekxrt A7t $27HE 0l B2 A ES AEA
A3 FAle] UV-C Aol fsl] &4d nAER A9
ASNAI 7] W] B A2 AARET

UV-P X2 # 55 :—;E‘rZHMW AEE BFoR
A F FZFE ﬂwﬂo} /M7 B2 Fe2
n GFH ThEate] 7H HNAES o 38402
A Al DA o)L 7HE & AlS-aL T2 Al7ko] A&l T
A= TS AFsATh ST F=u 24 Ak 0,
10, 28] 20%°|US w] UV-P HE|d F3717e] B3t
Ze 3714 A 77} 1.040.1, 0.9+£0.1, 2332 0.8+0.1
log CFU/g A3Eo] M= 7ke] F2]2 AolE Holx| &
o}(p>0.05) Fef=nt FF Al7ko] EF T S|4 A+t
A & GEFS PR FAS & F UM o=
Zet=ek i i 459 &2 % I (Gaunt et al,
2006) UV-P 25 W7 F7] 3ol o]t SAdFo] 94
H & T o2 AFREATH

UV-P A2le F37F79] a /b 0.69 089 o +571H5
o] EF T2 3714 Mg ZH2 1.0£0.13F 0.9+0.1 log
CFU/g AsiAZ T (7] WA E 7 ~7.7log CFU/g). 3t
A RE a0l wWE FoHQl AolE HolA ke r=
(»>0.05) ¥ Ao HEH a, F7H= UV-P Ao ¢
TR B & 5714 Al Aol 93-S wAA
S %_l' 4 AATE Lee et al. (2015)S Zg=ntE
ol g AE3ttoll 2 AHE Escherichia coli O157:H7%
Listeria monocytogenss A NAH-& o 7153832] a 7F
09¢1 A% 079 ARG 4 nAEE 47 0.8 0.6

log CFU/giHE H ABiAIZTHL BALSHAT o]= aJt %
S5 v E 2T FFHE 0] FAAI M Eete] k=
oh U] BEFE AER o5 5 QA §h7] mrelE

ARG, SATW 2 ATAINE 2e1F 2L AT
T =, ©l= a, 0.89] —7—72:7}T7} UV-P Hg2 o)
c@she Az 3716 o8] F5I1E7 0,8 FAEA E
stal ZA4et 7] WEleE ALREH AT AAl a7t 0.80191

Fxk2e) a B A% F 248 BkS W 1 ghol
g 2AsHA e AE(, 0.6)9]

UV-P A€ $57hee] BELY= UV-P 3Y Ze
AZro]l AojAy= raste S HATHp<0.05) (Table
1). UV-P A2 (30%) = UV-C A7} Bve 28§ ¢te

o
d}

40°CH AL Fekzut A7t Bve PHQE Q+e]
ﬁ} AA 302 2E AF 3eE F3271
~ 36. 8t2 6°CE A7 H(24.1+2.1°C)E.t}h
7}_,_2]. 7re b*k/\] = J—r_goﬂ
o {SH 7]_ 7]—/\3]_1;]_3/_ E_T’_E H]— o]
oH(Liu et al., 2013) HJrE]-/ﬂ E AFo|A Hel UV-P X
5 7 Wl dae ARF W &k Aol 5
7] A TF:°H‘5_‘ 7HA 7] Wt o2 AMRE AT g7}
o] 735 Am] ZE Azl AdEgle] Uv-P AEle 571
FoF AP HA @2 TS Fo4Q0 AolE HolA|
9}TH(74.1-75.0) (Table 1, p>0.05). AAzke] ko] 45-75
QA AWz 4 A=E YER W (Hanshim et al,
2016) L H 9] "Hc’ﬂ/ﬂ =o MAbzto o3 7Hn S ‘)rE]rLH
3ure Azhe gk Z4As e THHanshim et al,
2016). wHEbA] UV P A2 A gH] ZF Ak ST
o] ZAof| FFE FA BhaS & T AU
UV-P iialfd TR EEzvE 24 A
| AR g2 37 PTETZ} s ‘%‘
& XS tK(Table 2, p<0.
AlZke] Aol thgh JaF
Ag] Al A E 5

Foz 4w + 99

] r <
(A
[0 )
.J;

fe g 2 -

“2
a H

rlo

o

(
-

]

o

Table 1. Effects of operation time of UV-C/plasma-combined
treatment on the CIE L* and Hue angle of the black pepper
powder

Operation time (min)" CIE L* Hue angle
0 51.4+1.0® 74.7+0.4

10 48.9+0.6° 75.0+£0.6 °

15 48.0+0.7° 74.5+0.9 %

20 46.9+1.8° 74.7+0.7%

25 46.3+0.5% 74.9£0.4 *

30 45.2+0.3¢ 74.1£0.6

USample A.
IValues with different letters superscripts are significantly different each
column at p<0.05.

Table 2. Effects of the plasma accumulation time of UV-C/
plasma-combined (UV-P) treatment on the CIE L* and Hue
angle of the black pepper powder

Plasma

Sample”  accumulation Operation g p o e angle
. . time (min)
time (min)

Untreated NA? NA 48.6+1.5™ 75.5+1.0°
0 43.1£1.2°  712+2.6°
UV-P-treated 10 20 455£1.5°  71.1£1.4°
20 35.3£0.9°  62.9+0.2°

USample B.

INot applicable.
9Values with different letters superscripts are significantly different each
column at p<0.05.
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Table 3. Effects of the water activity of black pepper powder
on the CIE L* and Hue angle of the black pepper powder
treated by UV-C/plasma-combined (UV-P) treatment

Water activity Sample” CIE L* Hue angle

0.6 Untreated 48.6£1.5%  75.5+1.0°

' UV-P-treated” 45.5+0.5° 71.1£1.4°

0.8 Untreated 50.3+1.0° 74.2+1.0°

' UV-P-treated 45.2+0.2° 69.0+0.2°
YSample B.

JOperation time and plasma accumulation time were 20 and 10 min,
respectively.

'Values with different letters superscripts are significantly different each
column in same water activity at p<0.05.

Hr} ﬁiﬂ—?ﬂ =7F ""O}X] A
(p<0.05). °l& *‘ﬁA Ae A e SEEe
9] & Fo](Thirumdas et al, 2015, Yong et al, 2015)
UV-P Y- 7] =8kol] ofs) uijZo] 5]91%01]5 B st
ol e AT FIHFEIE FRte A(SF 5%)
(Park et al., 1991)3} W33l A18}E F=3l97] WEo=z
A2 H A tHFine & Gervais, 2004). FA|TF A 7]< 3k v}
A F2 Azl 20i0IUS W EF T2 57148 Al

Aalol oA folHel AolE Helx| ghgkd] o]t
olubE 208 ok Ul FHH FHFol 4L WEHAY
et g9y uaRe AL e o €8S

ow| it} o]gh tlEo] o] UV-P H] 2§ A|7ke] Aol
VFe AFste Ao 22 FE A0SR F5
7HRE UV-P AZEE o §57h9e] 2A=rt 9%
] ok wbi 2 Aol e 2T SUskslh 01
= UV-P A9 BEF 2 3714 At Asl A5 Aol
MAE Aol AR AlE Aolol ZIRIGE o= Holn
UV-P #z2le] A= Aset Aol tigh Gab= whEA] Ab
&= AR mE HrE ook ohE AlARRITE E3E &
AT Ade FE7HF aZ 06014 082 EolE 2o
UV-P A 2lel] o3k §5271#2] A Hslol] dFS 4 &
=& HAAFUTH(Table 3).

|

[o

o (o]

pd =
W Uvp A2l IS 208 o A5 o
FEATY ER 32 54 ARFS 50 AN

Tk UV-P A= EZ v|AE Aol °‘°% FeRAE B
AFALY F7HFE] AE o] FA skaith UV-P 22 ¢]
FE7HE mAE Al mkel A wistel] gk FEe A
ﬂb $37 }EE LA = v ES ST TRl 9
AATH EF 2 AT A= UV-P F
7V} $327FRe] a Zdsel UV-P

QAN Al A|2EIS 0]83F T3 n|AE Z5) 390

A E F7FEe] vAE A8 a3t s A A &
HAo)|7] Fee & 5 AT B AFE UV-CoF E=
nl A2 S Wk SAE UV-P APt F01Fe] B
nAES A= 71EEA 9] 7FeAES BT 2
By o g F71FHQl AFE B8 UV-P AHelie 2
de B T3 A HelkEs HAsE 5 Sl Wl

A EojoF & Zlott.
“Ael 2

AL ] A2 2 S
F71M A8 A9 ok
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