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Abstract

This study aimed to explore the potential of low-pressure discharge plasma (LPDP) as a nonthermal inactivation
method for microorganisms in black pepper powder. Black pepper powder samples produced by food companies
showed microbial counts of 10° CFU/g for both bacteria and mold, while those sold in bulk in local markets showed
microbial counts of 10° and 10" CFU/g for bacteria and mold, respectively. The LPDP inactivation rate constants

of bacteria and mold in black pepper powder were 0.0841 min" and 0.0696 min™,

respectively. The LPDP treatment

showed no effect on the color of black pepper powder. No effects of the LPDP treatment were observed on the
sensory quality of black pepper powder despite a substantial decrease in piperine contents.
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al,, 2002). 53] ZSPdEl ol 7121
v E2k=rh(low pressure discharge plasma, LPDP)=
Aol Ao glomg FA g} Fro] dof] WAHg AF2

m m{u rlr

Ao o] 8= 4 AtH(Mok & Song, 2010; Mok & Jeon,
2012).

3= oA EUd =21 Piper nigrum L.2] EvViE
538 716} utE Ui S/72 HAE flole 237 S
o] AT Fot] TrFd AFo AREEHE 7]1EF<d
FAFE o (Ko, 1995). F5< Al - 5 T thFe] Al
=80l WA E2 Foll =EH o] mAdE 2 o] A,
=Sl dn) S5 59 WS Fol= Zzb 25x10° CFU/g,

2l
5.0x10* CFU/g 7<2] YitAlto] SRt A o= 4
ATH(Lee & Cheon, 1996). 25| AFAFANME =] <A
TFAZ}E FAEE vAE QP EE Kol ) ti(Christensen
et al, 1967, Baxter & Holzapfel, 1982; Juri et al., 1986;
Antai, 1988).
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3+ =2
AR HAE = TFHIHKFDA, 200522 43}
St WAl F2 plate count agar(PCA)l, Bacillus cereus
£ mannitol-egg  yolk-polymyxin(MYP) agarol|, Z o2
potato dextrose agar(PDA)° ¥l 3t A58 AR 314
gk 89 100 uLE 3G agar $lo =2t & UukAlF3 B.
cereus= 37°COlA] 20-24 Al 7F vieFst & I F
AL, Ft-2 30°Coll A 24 A7 v g3 5 A3 T

LPDP &HrijE

LPDP A+3HS 2] (1)@ 2ol 12 §Egell & A s}
At A=Al V&7 2R AaSEAEKE T
stRor, 2 () o3 DS AHE3IATHChun et al,
2002; Mok & Jeon, 2012).

ln-](]— =k-t (1)
2303
p =238 @

e AEE 035 mm HEZHA ] HL HA
AN 2FA (color difference meter, CR-200, Minolta,
Osaka, Japan)E AH&-5t] 5 3] REgate] S48t
Piperine &% Kim & Kim(2004)2] WHS B2 £4]
SHATE $57HF 2.5 g& Al@ el Y3 methanol 15 mLE
7hek & 3A17F 30 FRF XEEte FEA AedS
methanolZ 20 Wi 3]4J3}3 T}, o] 5 349 045 um HPLC

o
N

& filter2 ©J343}3 1.0 uLE HPLC(Acme 9000, Young
Lin Instrument Co., Anyang, Korea)ll Y3} ofgfle] =
oA EA k3T

- Column: Nova-Pak C18 4 pum (Waters Co., Milford,
MA, USA) (3.9 mmx150 mm)

- Solvent: Acetonitrile: 1% citric acid solution (45:55)

- Flow rate: 0.50 mL/min

- Injection volume: 1.0 uL

- Detector: UV absorbance detector

- Wavelength : 280 nm

- Runtime : 20 min

HPLC #4] £ piperine(Sigma Aldrich Co., St. Louis,
MO, USA) EE&HS #A45te] d& HFdS Edz

peak & 0 2 X piperine THFHS 733t}
ZsdAL

Table 19] WO 2 %23 2719 0.08% Tl =2
FZ7HRE H7betel A, Bk &, A 1S xe] vigk &
SHAANE 1599 HUtAS o R 9 AHeR 4
Aletact
SHEA

A A digk FAEA-2 SAS 9.1(SAS Institute Inc.,
Cary, NC, USA)& AH&-stod 4 v‘f‘ 15 gk Fof] dFd
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S} 7¥o] 10° CFU/g 59 QYEE Wol vlwz ¢35
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CFU/g 759 B2 2955 29t AdFE 7HA &2
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Table 1. Recipes of beef stock prepared for sensory evaluation
of LPDP treated black pepper powder.

Prepared foods Materials Cooking procedures
Diced beef 100 g
\S;]lie(ri F(l)gl(;prr?l?o & Boiled for 15 min, then
Beef stock ae sprinkled with black
Salt4 g
pepper powder.

Soysauce 10 mL
Black pepper 1 g
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Table 2. Microbial contamination of black pepper powder sold in local markets.

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

C-1 Packed in steel can 7.05x10°+6.60x10° N.D. 8.33x10°+5.91x10°
Cc-2 Packed in steel can 5.40x10°+4.60x10° N.D. 8.93x10°+4.55x10°
B-1 Sold in bulk 1.83x10%4+3.52x10° 7.72x10%43.57x10° 1.06x107+7.23x10°
B-2 Sold in bulk 1.84x10%49.77x10° 4.16x10%42.50x10° 3.64x107+2.11x10°

74 10° CFU/g 7% WA, MaAE2 107 CFUg 7 1o .

Fol LS UEIth 53l AFABNNE B cerensrt | o0

AZEA ko W HAAES 4.16-7.72x10° CFU/g 5% ' S
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9% FFe o¥xE dolote Fase T

1.8x10%1.1x10° CFU/g +=°IR0aL, F+8 29 P& B. 0.2

cereuss FFOZ 3] B. polymyxa, B. subtilis, B.

coagulans7t FEA|3F3AtHAntai, 1988). ‘dotZ | 7FE-3t=4k 0.0

= 10° CFU/g ©]3e] 29%=E Kol B cereus 219l E.
coli, Salmonella, fecal streptococci 5°] EAsl= AoE H
2= Y tH(Baxter & Holzapfel, 1982). U] 9] AS 53
}\ﬂ 83x10%-7x10%g 2] S5 E NS (Christensen et

. 1967), Y+ %UH Z7HR M= SFFT7HEE 4.6x107
CFU/g, ) 52725 46x10° CFU/g =2 Yel Aok
(Juri et al., 1986). 0]1315 A B AJoA] AFRE ¥
AAFZH FAE oEAM 3= A S HESHL M=
LHETE =& AEFUES dFSL Ak

SXIIF2| LPDP &t
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S B 1Ak vl ATES o ATk Aas
= HAE FREE ZolE yERlo] 2087 A £ Al
#2073 log AE 7HAsH vhd X#S IRt o7k e
0.6log BEe] ZAE B ol2g 37172 LPDP
@'&35134'“ I3=7FE(Mok & Jeon, 2012)0]] HISIM &= W
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Fig. 1. LPDP inactivation of microorganisms in black pepper
powder.
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Fig. 2. Effect of spreading on LPDP inactivation of microorganisms
in black pepper powder.
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Table 3. LPDP inactivation rate constants and D values of
microorganisms in black pepper powder.

Microorganisms k (min™) D value (min)
Bacteria 0.0841 27.40
Mold 0.0696 33.11
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Fig. 3. Changes in color of black pepper powder by LPDP
treatment.
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LPDP 2]l o]gh #5712 A2 Fig. 3904 B b}
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St og 914 AU 1.5 Wl (Song & Park, 1995)Z
FA = A

Of2S¢ Hst
F 37129 ujut A2l piperineS HPLCES ARE-3}o]
B3 A= Fig. 49 7] retention time 7.5 % U] <]

Table 4. Color difference of black pepper powder induced by
LPDP treatment.

Treatment time (min) AE
0 0
1 0.572
3 1.723
7.5 1.775
10 1.759
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9078169

656 7657 ﬁ
Emns& \
2]
: |
il BN
(G |

-96.3840
000 1,00 200 300 400 500 600 700 800 900100011 0012,0013 0014 0015,0016,0017 0018,0019,0020 0O
AM2[E]

Control
361.5057
g
2612467
=
£
5 160 8877 §
= ~
=
[ ‘ ® gs g o
60.7287 Jl"‘ﬁgﬁ § 8 ‘E :%§§§§
f(:m‘;‘; Rl “lg A R A 1
F—— r———— R ~—— ]
~39.5304

000 1,00 200 300 400 500 600 700 800 90010 0011 00120013 D014 0015,0016,0017 0018,0019,0020 00
AM2E]

LPDP treated for 5 min

1440223

)
2
1009981 W

z ~

— 51.0740 s

@ S

= = ‘ ‘ =
2 = 2 B .
B g2 5 - = £

14,9498 f 3 Elb ‘ | S o =
L/ ‘Ej—a——»\_—__.’ hx_—/'\_/\v___f

U

-28.0743
000 1.00200 300 400 500 600 700 800 900100011 0012,0013 0014 0015,0016,0017 0018,0019,0020 00

A=)

Fig. 4. HPLC chromatogram of piperine in black pepper powder.
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LPDP A &]e] wE piperine &% W3l= Fig. 50 Y
Eld vle} 7o) 27] 1 & & FAsM gAs e, o)
o] ¥zl sttt tix=T19] piperine -2 3,735 mg%
2 376-6.65%= B 71E] A7KKo, 1995} FAFS
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Table 5. Sensory scores’ of beef stock sprinkled with LPDP
treated black pepper powder.

Treatment time (min)

Sensory properties
1Y Prop 1 5 10
Color 6.600a" 6.667a 7.067a 6.467a
Taste 6.600a 5.867a 5933a 5533a
Flavor 6.267a 5.333a 6.133a 5267a
Overall quality 5600a 5267a 5400a 4.133a

" Judged by 9 point scoring method.
" Values with same letters within same row are not significantly different
(0=0.05).

ool Az e LPDP HelE F59| vl et 4Rl
piperineg A O F7bRe] A3t A5 3
FE FA R MAE LHEE ‘%L%QEH ;%7}394
A3 el 71dAe & F oAtk FF
M=Fs} Fek=mtol| 23t piperine 3 7] 2ol J&fﬂ' =&
ThBed Jlom AzEm, oS e
2 Aageiuis adHos FrbRs 4 d 5 9
7)%0] SAE Ao w JE)

o (o]
) =

$g AestaA By S

A &3+ 5 LPDP A ol

FX7HEe vk AetTlE
ZuKLPDP)E ©]-&3 A<
St FAWSE ARSI Al $37HF] RAE o

T 7FAIEAA = M, i EF 10° CFU/g 5019
A wkA, A Aol M HAR Fufshs AlFdAM s Alde
10° CFU/g, F#+2 10" CFU/g 79 LYEE B 5
71H72] LPDP A3 1 2} §E-g-0 & VEptow, Al
o] e daE ZH2E 0.0841 min 3} 0.0696 min! 2
Al Aol Zstell Blsl LPDPell 9F7+ o] RIZF8Hict. LPDP
Age FX7HFe Moe dFE vAA FUout
piperine &S HF= 202 IRIFIIT}. Piperine 74
A= = 6‘}1 FE7he] #e5A LPDP Ao <3

o)

g lo

ZAle| 2
B ATE SR FAFINEY LAY EA )
A e] A POz o Fol2l ZOomA ofo] ZAEGHUT,

m
ror

k=

Antai SP. 1988. Study of the Bacilllus flora of Nigerian spices.
Int. J. Food. Microbiol. 6: 259-261.

Baxter R, Holzapfel WH. 1982. A microbial investigation of
selected spices, herbs and additives in South Africa, J. Food Sci.
47: 570-578.

Christensen CM, Fanse HA, Nelson GH, Bates F, Mirocha ClJ.
1967. Microflora of black and red pepper. Appl. Microbiol. 15:
622-626.

Chun JK, Kim KH, Mok C, Lee SJ, Kwon YA. 2002. Food
Engineering. McGraw-Hill Korea, Seoul, Korea, pp. 114-115.

Farkas J. 2006. Irradiation for better foods. Trends Food Sci.
Technol. 17: 148-152.

Juri ML, Ito H, Watanabe H, Tamura N. 1986. Distribution of
microorganisms in spices and their decontamination by gamma-
irradiation. J. Agr. Biol. Chem. 50: 347-355.

KFDA. 2005. Food Codes Vol. II. Korea Food and Drug Admin-
istration, Seoul, Korea, p. 97.

Kim HW, Kim YJ. 2004. Optimization in analytical method and
quantitation of major heat principles from soup base of commer-
cial ramens. Korean J. Food. Sci. Technol. 36: 9-13.

Ko JM. 1995. A study on quantitative method of piperine in pure
ground black pepper. J Food Hyg. Safety 10: 169-174.

Lee BW, Cheon SH. 1996. Change in microorganism of pep-
per(Piper nigrum L.) treated with ozonated water. Korean J.
Postharvest Sci. Tech. Agr. Prod. 3: 145-148.

Lerouge S, Wertheimer MR, Yahia L. 2001. Plasma sterilization: a
review of parameters, mechanisms, and limitations. Plasma
Polym. 6: 175-188.

Moisan M, Barbeau J, Crevier MC, Pelletier J, Philip N, Saoudi
B. 2002. Plasma sterilization: methods and mechanisms. Pure
Appl. Chem. 74: 349-358.

Mok C, Jeon H. 2012. Reduction of microorganisms in red pepper
powder by low pressure discharge plasma. Food Eng. Prog. 16:
107-112.

Mok C, Song DM. 2010. Low-pressure plasma inactivation of
Escherichia coli. Food Eng. Prog. 14: 202-207.

Sadecka J, Kolek E, Salkova Z, Petrikova J, Kovac M. 2004.
Effect of gamma-irradiation on microbial decontamination and
organoleptic quality of black pepper (Piper nigrum L.). Czech J.
Food Sci. 22: 342-345.

Sadecka J, Petka J, Suhaj M. 2005. Influence of two sterilization
ways on the volatiles of black pepper (Piper nigrum L.). Chem.
Listy 99: 335-338.

Sadecka J. 2007. Irradiation of spices - a review. Czech J. Food
Sci. 25: 231-242.

Song JC, Park HJ. 1995. Physical, Functional, Textural and Rheo-
logical Properties of Foods. Ulsan University Press, Ulsan,
Korea, p. 82.



