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SUMMARY

Red pepper has been used worldwide as powder types, pastes, pickles, oleoresin,
and sauces because of its unique taste and flavor. Most red peppers are
consumed as red pepper powder with the annual consumption amount of 2.5-3.5
kg per capita in South Korea. Its retail market scale is estimated at one billion
dollars a year. Consumer demands for packaged red pepper powder products
have sharply increased. As consumers’ interests in food safety have recently
increased, the microbiological quality of agriculture products as well as
physicochemical hazards has gained recognition as important issues for food
safety in South Korea. Completely eliminating hazards produced during food
processing or incorporated from the environment is often made difficult by
technical constraints and prohibitive cost. Risk assessment tools, based on the
harmful effect of dietary exposure to hazards through food consumption on
human health, have been used to derive options for food safety management. In
this respect, residual pesticides, aflatoxin and heavy metals as physicochemical
hazard as well as microbiological hazards in red pepper powder were analyzed

to estimate the risk of hazards due to dietary exposure.

We perform the probabilistic risk assessment (PRA) using distribution functions
for major variables, as opposed to deterministic risk assessment based on single
values such as the mean value of contaminations, because PRA could provide
detailed outcomes that suggest more informed risk management options. We
developed a PRA model using a tiered approach, which begins with qualitative
and deterministic information and ends with quantified and probabilistic
outcomes. The PRA model developed in this study includes an analysis of
current literature, instrumental analysis, definitions for probabilistic distribution
function for major variables, and the construction of a probabilistic model using
Monte Carlo simulation. The developed model was applied to the risk
assessment of the physicochemical hazards in red pepper powder, a major
condiment in Korea. In case of residual pesticides in red pepper powder, 13
pesticides of a wide range of pesticides were analyzed using GC-MSD, and

chlorpyrifos and cypermethrin were selected for PRA modeling. As a result of



the Monte Carlo simulation, the estimated dietary exposure to pesticide residue
from the consumption of red pepper powder was below 0.04% of the acceptable
daily intake for 95th percentile exposure. We estimate the risk of dietary
exposure to aflatoxin and heavy metals (Pb and Cd) in red pepper powder to
obtain the overall hazard index is very low, suggesting that the Korean
population is not at risk of aflatoxin and heavy metals from the consumption of

red pepper powder.

Hazard Analysis and Critical Control Points (HACCP) guidelines on red pepper
powder production have recently recommended that no foodborne pathogens,
including Bacillus cereus, should be contaminated in raw materials (fresh or dried
red pepper). However, little information is available on microbiological
contamination of commercial red pepper powder products. We examined the
prevalence and concentration of total viable counts, Enterobacteriaceae, coliform,
yeast and mold as indicator microorganisms, as well as foodborne pathogens
such as Eescherichia coli, Salmonella spp., Listeria monocytogenes, Staphylococcus
aureus, B. cereus and Aspergillus flavus in fresh red pepper and packaged red
pepper powders commercially available in South Korea. Foodborne pathogens,
except B. cereus were not detected in commercial packaged red pepper powder
products. B. cereus is a soil-borne microorganism which is widely distributed in
the mnatural environment, such as earth, water, and dust. The B. cereus
contamination of dry red pepper might occur during cultivation or drying of
fresh red pepper. Enterobacteriaceae and coliform were detected in both fresh
red pepper and red pepper powders. We also determined the microbial hazards
for the samples of red pepper powder processing. The prevalence of B. cereus
was determined in red pepper powder samples obtained from various processing
steps, swabs of machinery surfaces, and air samples of the processing room
during red pepper powder production. The detection rate of B. cereus was high
in samples of raw materials and washing steps. B. cereus was detected in 2.9%
of the samples for the swabs. The genetic similarity of B. cereus isolates obtained
from various processing steps was compared to identify the sources of
contamination for red pepper powder using the repetitive-sequence-based PCR
method. For 20 isolates of B. cereus from the two independent samplings, half of

the isolates clustered consisting two or more isolates with a similarity greater

_10_



than 95%. The prevalence of B. cereus and molecular typing result suggest
possible routes of contamination, such as the transfer of clone contaminated in
raw materials to the red pepper powder and cross contamination during
processing. Foodborne pathogens except B. cereus were not detected in the
samples from red pepper powder processing. The probabilistic exposure model
was developed for red pepper processing using the contamination data to
suggest the change of level of B. cereus along the processing. Based on this
result, more intervention studies to prevent pathogen contamination during red
pepper powder processing are needed to insure a good hygienic level of

products.

We examine the physical and chemical control methods to reduce the microbial
contamination in raw materials, processing steps, and red pepper products.
Physical stresses including high pressure and plasma were applied to dried red
pepper as raw material and red pepper powder but the microbial levels
indicated by total viable cell counts were not decreased. In order to reduce the
microbial load of raw materials for red pepper processing, it is essential to
control the level of contamination in fresh red pepper before drying process.
Effects of washing and antimicrobial agents were determined to reduce the
microbial contamination in raw materials and processing steps. Mitigation
strategies for reduction of pathogen contamination on the red pepper powder
product was suggested based on the effects of management and intervention
strategies attempted in this study. It is important to consider any changes from
a holistic view of the system to maintain a successful, efficient red pepper

powder production.

_11_



CONTENTS

SUMMALRY eeeereencanenccaontettattieaianttieaiamttotastttistastaiesiastassasttstsststsststsstassssasstsssstsstssssssssasessssssssasses 5
CONTENTS eceoeeeeetaccncancacencauentasttetstastaetstastaiessatetssastsststastasestascssssstsstsssstsssssastsssssasssssssssssssssass 12
Chapter 1. Introduction ....................................................................................................... 14
Sectlon 1 Research Ob]ectlves ............................................................................................. 14
Sectlon 2 Research background ......................................................................................... 14
1Econ0mlcal and lndUStrlal aspect .................................................................................... 14
ZTeChnlcal aspect ................................................................................................................... 15
Sectlon 3 Research Scope and Contents ........................................................................... 17
Chapter 2. Current stal—us Of technology development .............................................. 20
Chapter 3. Scope and results Of the research .............................................................. 25
Sectlon 1 Materlals and methods ...................................................................................... 25
1. Materials ............................................................................................................................... 25
2‘ Methods ................................................................................................................................ 25
Sectlon 2 Results Of the research ...................................................................................... 35
1. Quantitative risk assessment of physicochemical and microbiological hazads - 35
2. Development of quantitative risk assessment models o wwwmmsmmmminiinimmmn 50
3‘ Development Of rlsk mltlgatlon Strategles ................................................................ 88
4. Analysjs Of microbiological haZardS ............................................................................. 98
5. Growth characteristics of selected microbiological hazards -« sweemrieimieinnn. 113
6‘ Study on the mlcroblal Control System ..................................................................... 115
Chapter 4. Accomplishment and contribution of research results --s-ee-eeeeeeeeeee 128
Chapter 5. Application plan for research results ...................................................... 129
Chapter 6. Foreign information collected during this research «:sseseeeessseereeeseeens 130
Chapter 7. References ......................................................................................................... 135
Appendix ................................................................................................................................ 141

_12_



i

op
o N

N
of or

14
14
14
14
15

ﬁ;’iyﬂ lﬂEI-_‘iI,]_;(-]]g] 7“_9_

A1
A1 A

1. A4
A 34

w17

oF
TH

o)

T

3!

20

A 2 A FUY F)ETNEE BT oeeoreerremremsmrensserissssssssssersssssesssesssss s sasssssesssssssseses

25
25
.25
.25

EK

A

A 3%

m
e
Ul

To
e
Ul

35
35

50
... 88

wK

W R

2

7N

A

=2d AE7

&

R
1oR

98

_
o

113
115

5 A EE A

o A&

-128

T ceeeecsscscccececcasscsssscssccssasassscscececescasanas
a

AR oo 9] 7]

%

129

ﬁ;’iyﬂﬂal- }6]_‘,1]_ l;l_l }6]_‘,1]_%% ;":_5;]

A 5 %

130

TS R ] 5 I RS

ZH]_

SESESEE RIS

A 6 7

135

€

.ee 141

W
-

_13_



H 13 A7HZEaNe] 7He

5

AAA Bl d=2oz A

T
T

7k AT E AEH

=]
‘(?3'11—}‘\_‘]!

HACCPo A <]

el

R

p
R
oF

&
o

1))
~
o

Hn

384

Al 24 a7

Al -2t

7+ 20 - 35 kgo® & v}

14],

4

B A ol A]

o A, 4F7}

)

T

J1ZEoz & w 2000Wd 54 g EoA 2004 7.3

g o] Ao}, mulAlo} T3 A F

B AF7h Fd=EASH 2006'd )

o
3%

Ey_]__

52

ok
=2

}=olth 20079 %

1o}

o

ar

ol Il A flgaslel H

N

Aotk @A) avlAe] ot 43%7}

)

~—
o

7eel ARy FRot aFHh

_14_



]

S

A, &

=
T

It} (American Spice

b

°

7}

=

o] AL lew 7tA FAE ol

=)

AAH =2

80% ol =7+

T

T

B 2ol A e

=

7 42% =,
Al E

!

A
v

=

T
T

1

Zo] AL 1985 thu] 20019

Trade Association).

o

)
Nr

Ay

<)

<

Al A 2007 - 68

al

3

7N

=
o

foll ol

ISl

71E gz 9

=
=

o] 47.0%=% 7+

[e)
=

he )

~u
il

Bacillus cereus

T

T

3 4]

S

_OA

=0
=

[}

o HACCP ¢l

°of

1

ol

N
il

beba el qick T

S
pd

2x10* CFU/g, W94 AT 712

=
) L

T 7]

A

&

=

=

S, BFEA AL, FHAtol

Fol w4

s EHES B8,
)

1x10° CFU/g o]

B84 3L, 4

!

A
v

=7

Holw 53] A7kl F=AE Al

I~
T

i

]

Ao

mAdE o] dEd AF A

i A=

3]

_15_

A4, 2007).



ﬂwwm
T S
o0 1,_,1_u1_ ﬁlﬁum_m
_.nﬂo.._ﬂﬂmmo o_lo ﬂ_OI
cii R e
o) o O‘_ <I UE.]A.OH E._ oF _D_,._ W__WA_.E
1r0mw_._._jl ]ﬂmo,mﬂ‘._.o,_lrL ‘Ll__w:._._ 1_.o7ﬂ
CER T K b :
< N & ﬂaah_h_% T ER T
tis : FErc 2 o Mo iz
; - ﬂa,% LE_M ™ < £ = ou ) ~ H o
:_oﬂ%% %ﬂ@uwm P SEa
¥ g_oghu : TN WE
P o - T g _\o :
o E-o_e g | Tﬂx
o L_LAT: ‘q _.E.OIS ,51:._._ Oo‘ﬂw,m
%aﬁﬁﬂ E_nﬂmﬁ 2 8 5 y ;
s EE3 ° M T of o BT
£i1 reozt T o do T i
ﬂ__mn_v_w_o_e_n__.u ﬂwﬂu%@ﬂﬂl dﬂﬁo 211
T NEx T = 5 %
%EATJ E»ﬂvq_% L T 5
| 1 d ™.
A_le._e_vﬁl ﬂu_xﬂPMﬂ o <) oy
go_ﬂuﬂno Pno%o@% o %Mﬂw
5T kD mmﬂyAa w bEo
@ H_U.TH _ﬂ_ E._ Mu W T ﬂl_._ E__u mﬁ Q‘D_IOI O_E z_.o 1__/|
-+ =0 __o_l O_ ﬂﬂ_ o) ‘ol ‘% B MMO L_O % z_.o E.._
wﬂaoﬁ i_iﬂmmi ﬂ?ﬁr : ;
x — W zfzo%_xo_ __71 Hﬁﬁﬂn
oﬂW% tjlmo__ﬁ. wrue__ma 5T
Zau”ﬂmo Lﬂwmﬂﬁraﬂﬂr WVM& @mo%
= ; | :
o7 . E %Oﬂﬂwﬂ%% q_muo]l.o o_w__.ﬂ
%Hﬂrﬂ ngo e e %ou x i :
1253 & S P B
BT ow_mm_/r%%% WW% u%wm
moaajtu _u_ﬁn_m__\oz__am% u%ﬂﬁ M.o_uﬂ/l
i " o
o_eﬂime A%_n_mu‘mﬁ_lﬂﬂ Mmﬂﬁf % T ol
L mo_agméi LI
A_I_JAIIH_A| U\Nro\_lqm.vﬂﬂ.wa :
i = %Eomﬂm\
e i K
= e )

_16_



A 3 A, Afsute] W9

P=-N
K
o)
T rH
o = w A
- i T H_ o
ad a8 —_ H_T._ _.AO A_ v
LIRS Ho o Ho = T <z r
F X = T ¢ u o ® T . o
B Y T 2 o B Iy C
O T X © o o T " ® L W2
oo — of R o r X oo mmo =y v P w._/ﬂ A e H| Gl
= o w k0w R i WL 7o T oz i
® o R om g K Mo b R T M o %ﬂ_n_ﬁ_vu
T % I w B xR P D
R %%%%AOL%% Q@%ﬂ% qo KR W ™
e M LR WY o ooy o ° o Ko SIS i
5 o F mzoma%o_nmﬂﬂowgmom%%% _m,ﬂg,zﬁ Ly
— - — <A - (o] \ o =
wog e L A T F o W oo 5 & K
Mo T ~ Mo K w™ X - B 5w RO Coms Hl .. ® e B H_.E o=l
= m__m 5 N Ho o W oo % wo o = Ulo = M o . X
7Qu_;}Vﬂ.aa%n§ﬂnuﬁwﬁevg w8
- T 7x%aq&4wwgu§u%vHu, SR R
t.oRLL L kE wxuﬁmgmu%ﬂﬁ>@5y@q
= o N T L Mo T F & P s M oF T Mo
5 . Nt o o S
<t . n
o) N — . T L] n
a = ) = o] FK o T__
= M BR N @
N U.__u ,_Iﬂyl oF A =0
I o > % W = =DEn
e < oo oF ™ oo oF ™
v ® Er odn ol ~ £3 =
_ o) b N o
1A o MK Mo 2o T
B \V] oo = F
S —.I % R o
TR
w®
i

- 17 -



yat
Gl
Nlo o
AL
ol Tr W.m N
_ Ho il ™~ . M_A_m_
TE = B f 3 >
Wﬂ " M i E 5 K
n F X X T =R ~
=K 1} o A it E 8 X
a Jv@l o) N 2] H_T._ la
o | BT " A B o £ r X 3
i g Wa Xz F % Z TR T % r
L 5 SETa " 553w 5 T c P
Mﬂ 1_,_AI o Mﬂ K -~ HT_ eON g 9 U ._ O._ E__u % E__u _z_l o
o o) OF o @ P ol RO c = T ool
o = il KO TS o b o WO r
T e T dx %4#37QEN; Be =x% I s
3 ™ Faal r X W om o o 3 & urow T g X
m_.%]ﬁ_lﬂ NHTHTﬂE%AWW%%, mﬂﬂom_m o wr o
T Mc ) o o) PR WO . H .n_.u_._ﬂ_ R w ) w2 X G m___._u mjJ
R R R __Ho%%@o_ﬁ_gamu umoimoxﬂ%% T o 0 F
.Lﬂluzﬁ_. T = L 0 Ho @ B oy T © =
ﬁﬂimﬁs%@ﬂgﬂvi ﬁA.n__oﬂ,}_ﬁﬂ% %@@%%5%
o Lﬂm%iVVﬂa?ﬂcm% @Qﬂﬂgﬁﬂﬁ%%ﬂ%g
. . . ﬂuum%@mw@ﬂ@%ﬂﬁol%ﬁﬁ_gmz_uﬂgd
' . = o F e T W ~ of © =o _ 8
— = = = = 7 = G2 B oF o ' — r
) = = %) 1 = F g o= T = or
o ] - s - ﬂAl,._ [m] = ,Aluﬂ 1§r
i . o ... H W R
D.__u A = o — © " N L] - _nﬁ
] == . ~ n n
a X R = o5 ) )
= R ) .
17| = Mo w0 Hi G EW
< N KO " O O
37 — _z_l . xr w_wll = Wo
% o) I — b o
] HE B TR g
s o m ity
o] o B
W= i Em R
g
e &
o

- 18 -



=
g | BT B Aol g 2 W)
1. 24 SlsimAEe] A JIEA md st
= A 2l rAE AFAdSEE 24
= A APEN 24 g
= AEdold Ay (EHIIEE AlEdolA)
» Scenario analysis % sensitivity analysis
<1 ARA > . Yoo
= T AA B 2 =F
2. AFEA I EA md s 2 obxF 2= =12
751%]:%_‘]11]/@%_?4 oo—‘l‘l% = éHEx E]7]E7HE
GmsEze » T8 YT 299Y F3 (rep-PCR 7]4h
A ¥ il
o - 299 FHo| e Ao =2
T Ed HiTle
- = Ao WE mAdE AE/AE 2 B4
78
N - UAE AelddE nHF PFH AYRY =
‘Eg 7H1:ﬂ-
32} » 29 A EH o] (Monte Carlo simulation)
= = A Ag uAE AolA 2 (hIE
2011
—  ERAsY 2A (SEZ PA 5)
1 34E A 8de &S 23 Fe-d 9+
= 24 nAE A AA
= = AxE A
= A _g_q_uﬂ,_z_zjuﬂu AMZ A E/\
<2A-ﬂl"j—_ﬂl-xﬂ > ]q = = 1334 g /]’ =
A8 2 A 24 (&EAHA F)

agHE AR
Aol Azd @
;L

_19_




M 2 & 2Ll )& L

49l than] 4

Je E7tg AuimE o] o} GaHoln w3t

20 - 35 kg 22 T

Ho

1jolth, = 1E

=)

9]

0

H

Ao & Qo] FH

7+ G Al ol A

A7k 7,0000], 4

T
T

A A4, 2004)

A AT (

NAL FAEE AL

[e)
=

F 5 3A A

AEHdALE BYHD Jdow 20079 109 A=zollA] 127 47 HACCPA A&

I

WO
s

i
o)
o

N

7

U

K
™

kel

M

~
o

0

H

‘.m.o
o

junt

7
o

do|x Est oA 7tx =

3 =

JF

39

3

2

)

el o

—

N

Hin

)

A

ol

oz Fejeo] Al

N

TETE

o] AAF3E Al 28 ako|L}

AT7h A E ] gtk T A

Mo

T
T

o f&5

=
o

3

obz] Fa g izt gl

L
T

AAA ZAF

7}

, 199),

A (KstA)el A

N
e

el
z]t

las Zas 9

3]

2 9

_20_



—
7=.__I
r 3
1_|_z AR
‘_.on_l_rUA iowxﬂo:_o
z,_L%. mw_ézu oy
8 4%,%%&@
O_Ezw " urmoﬂmo_
_o// Oko_ﬂ HLE E_I,I
@%H zpwmgkmg pw e
X _1_
293 4@4@%%@ oot g
ﬂﬂw( 2 O ) T = ;Lao_ﬂ_'g 3
oot o W o F oo ﬂ;ﬂww 5
tw _ﬂnﬂjéz IS ﬁmi?
mﬂo_afr 6ﬁaﬁow_.Amozu\%., ﬂme]é e_aao_A;ﬂwr_zo
EJ:T 5 _gqﬂmxm glmsw 1o_nqwﬂ&____o%e
Yz e How = e a0 22 e T8 Bwr
F _\oﬂr.ﬂr Z*o__oq, UQWOA ﬂmﬂxma&w%erl
= %%u_mﬂerﬂ_ 5 £ > 2ok e
- X o o 0| M el ) fol- — ‘__u._._rx_ Do e d el w0
,Ll_vx_ _L_Ll 70.o1r 41_._A|1_2X1_ g o o ]
R @ﬁﬁﬂ.zm% xarow 1amwoc we_ﬁuo
Wox ﬁox__odﬂr s o %ﬂﬁﬂ% OE_/oEl_Eu}m
Hﬂme AETQMMM%&U 1ﬂ%5m mwﬁ__ﬁmL__Homﬂ
= OU‘dl_L‘wmoL H ‘M_ < __.Ao
mo@w7 W;Ws_unamﬁn_. @1%%%% %QOTME#M@EW
i oﬂumy,@< TR }aalagmy
. T 5w = LT ;ﬁi&o s i_oﬁi_zx
= < g VL__go_wnm _zxgﬂ,z( RO wno_z
m ] K o = il ) e o ‘x| [~ ] 7o o J
Lz B mz_]Aﬂ}w@m }o_;mm @.,mg_l_é:_aw
mﬂz_io ﬂMoﬂvrzO_u__o Rumo_LUum }Bhﬂ__o_.7mﬂ1o1
mL 1__/|1_ 1_,_AI e Mn/_v % ﬂl_._ ~ o ™ ﬂﬂ_ _:T| ‘_._.mo ﬂAI,MO o ,Jml %° E_E _ _z_..A _z_l %0
1|Edﬂ %ﬁﬁe%_ﬁﬂﬁﬂu A_.1_,_m__u1_yu:._x mﬂ_k_ﬂl]%iiﬂ
@N%H Jnﬁ%iﬁﬂﬂwwﬁw M_quw_ﬁom.__ Nzﬁw_,oﬂoﬂw._.w”a
| = _014 1..m 2 (Y
‘,ﬂlﬁuﬂm ﬁEATWTWW_ﬂAE _ _,__HMMW.NWZT_ MO_L_MW_MEO,AI_HEﬂL
2N %1; ﬂo_Lﬂo,m o D _ZT,_Z_EAMO@ %
1rg_oo @ogo_ﬂ_ ﬂ__o gﬂﬂo_.g 5 — = o ©
o Ho Ho o 70 m L s N < ™ E o — =
Ho T ox.._. z?UﬁE Hr N 1_|_.7
N mzuvﬁoao%homu FLEW o ﬂ_oz_/ﬂel_a
Q]ATWL_GLWOT 76Nrg5 zTL:._. &a o
A1%urmo,ﬂ _Z_szkm Vomme I
O‘ul‘ln/_ _!MAU‘._QDX ‘Aluﬂo OH_EO._LL_OH
T L1.E_=_m9. aaoﬁzmw1 )
ool = ¢|42 o_uwo 7u_x_z_|,q
_;_._ln_Al oo.__o_l 62d|_zT H =
T W ) & T 5
! amﬂﬂ__oz#ﬁ
W= }&o:_OMﬂE._ ﬂul,q
n._monno_;_._|,Wﬂ_u_l,|‘._v‘._.o
Aﬂ?ﬂ%%..oov
namwe
zmMm

- 21 -

Ao



il

Z2% 60T HAANA 5 - 6417 Y

al

Xl

, 2009)

ofo

&0

370

1. (

)
B
o
Mo
el

el

7+ A

W
o

il

R

| Azl T2 AHEEY (D

A
=

T, aFAE FTHEA A AL

)

I

i
)

°|

Aol A dFEHen =

(capsaisinoids), 4 4~(capsanthin), H]E}

Hlo

%z AFANE F B. cereust} Salmonella spp. 5 13

i
)

o)

LEE A Rofo] HFFHo] 9t} (Vega-Galvez 9], 2008, Daocod, HG <], 2006;

Minguez-Mosquera <], 2000).

wjr
Bl
o)

R
B

#8440] 3 %

(e

32

A

L —

dold 7+

[e))

il 2ol

ISl

o ¢
s

™
<]

R
1oR

A

75

Ean:

(hazard

(risk characterization)?] 4T@AZ & 4 UTt (Codex

]

7

= Z

identification),

characterization), ¢|3i|

g

_22_

shc}.

HE7F g



Hud o ndEe] BE, F4, AFE ThsAdol ol H4F F EAske mdES 3
drEe B Fd F A, fF5d wE mAE WHIE EUEY stojol it =
S AR AsiHILY 484 F =EH MM mAEe] 4FE dS5se Rde
ol-gst A Wsle] wWE mAEY HIE dFsto rAES EHFOZ Aols)
= WeHE AAZ & Aok AFQ b ATl mAE APEA 2Ee HET
= B2d Fe A FE 54 AF A #E ddrdEe =& Hrh T4
o2 F3Pg v} ) (Table 1).
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Table 1. Application of microbial probabilistic modeling in food safety research

Food

Pathogen

Country

Reference

turkey

Salmonella spp

France

Quantitative  risk  assessment of  human
salmonellosis from the consumption of a turkey
product in collective catering establishmenst, Int.
J. Food Microbiol., 80:17-30 (2003)

Broiler

meat chain

Camplylobacter Netherlands

Risk-based standards for Campylobacter in the
broiler meat chain. Food Control, 19:371-381
(2008)

cheese

Staphylcoccus

aureus

sweden

Quantitative microbial risk assessment
exemplified by Staphylococcus aureus in
unripened cheese made from raw milk. Int J.
Food Microbiol., 78:155-170 (2002)

ready-to-eat

meats

Listeria

monocytogenes

Australia

Using a quantitative risk assessment to
mitigate risk of Listeria monocytogenes in
ready-to-eat meats in Australia. Food Control,
20:1058-1062 (2009)

raw broiler

chickens

Campylobacter
spp.

sweden

Quantitative risk assessment of thermophilic
Campylobacter spp. and cross-contamination
during handling of raw broiler chickens
evaluating strategies at the producer level to
reduce human campylobacteriosis in Sweden. Int
J. Food Microbiol., 121:41-52 (2008)

clam

Vibrio

parahaemolyticus

Thailand

Quantitative modeling for risk assessment of
Vibrio parahaemolyticus in bloody clams in
southern Thailand. Int J. Food Microbiol.,
124:70-78 (2008)

poultry

Campylobacter
spp.

Belgium

Quantitative risk assessment of Campylobacter
spp. in poultry based meat preparations as
one of the factors to support the development
of risk-based microbiological criteria in
Belgium. Int ]J. Food Microbiol,, 111:149-163
(2006)

Whole

chickens

Salmonella

UsA

A quantitative risk assessment model for
Salmonella and whole chickens. Int J. Food
Microbiol., 93:231-247 (2004)

pasteurized
milk

E. coli O157

UK

Quantifying exposure to Vero-cytotoxigenic
Escherichia coli 0157 in milk sold as
pasteurized: A model-based approach. Int J.
Food Microbiol., 131:95-105 (2009)

kimbab

Staphylcoccus

aureus

Korea

Microbial risk assessment of staphylococcal
food poisoning in Korean kimbab. Int J. Food
Microbiol., 116:332-338 (2007)

kimbab

Staphylcoccus

aureus

Korea

Modeling the level of contamination of
staphylococcus aureus in ready-to-eat kimbab
in Korea. J. Food Prot., 69:1340-1346 (2006)
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FFEAE £4& fstd A7iE &4 i mlE 2 28] FulE F5t Al 1
Z7hE ARE RS, A9E 1527 s 1dst ASEs AEY
WP R ARE AT (Fig. 1). 23 42 (AaF)ol i3 rAE E4&
ot AAAER AuFE FsIAeH, B4 HA7A ARE 4T BE35H3
o AR Az 3 F uAE AHSE £43517] flste] 98 2 AF AEFES
E3g Fa dAE 1F (7HF) AEE AF St Ao AMgstden 24 HA7HA
ABE= 4T BHstYTt

Fig. 1. Sampling sites of fresh red peppers and origins of packaged red pepper
powder products to determine microbiological contamination of fresh red pepper
and packaged red pepper powder in South Korea. Closed circle; sampling site of
fresh red pepper, closed triangle; origins of packaged red pepper powder

products. Number of symbols represents the number of samples.

4% AE0 We FEFF, FEBAE, A%, ASTA color $& e

_25_



BT FEFFS AOAC (1995) Wl wet A 7td dxiez SHsit 3
FHAE 105C Hdz71A wg &FE 73 § L157HF 3 g2 FE3] 2o} 10
5C 2EoA ol 2 w7tA AT dx7|dA dxAR AFHAE HA
AolHolA deor W3 F FAE Got &8 FFE At oy Al wet
Astatder. ot HellA As AEE ¥ A ¥ AFHA L FA (golx, B= A

AA S AgRA F (golH, Ce Ax T FFo] HUL "] TA (golth

(2) ASTA color 3k
ASTA color Zt& ASTA analytical methods (method 20.1)ell wa} =Aslct.
M2 B5te] 30 mesh EFE 100 mge olAES] H7tsle] %%8}1, 0C,
AN 16417 B HAEAT. oAE FEEY AFAE FHI £ UV/VIS

T A (OPTIZEN 2120UV, Mecasys, Korea)s ©]&3}e 460 nmol| A SFFZ=E
i AERAE FEFHFS Hdstd dER VEo2 A5 ‘:}'0— 2|

A2kt

b
ol\

ol
ﬂll

ol
ol

2

|

L g o w& A
o

E)

Absorbance of acetone extracts X 16.4 X IF

ASTA color = sample weight (g)

IF : instrument correction factor
FERIEMNTE FEZA A7) (SET AW, novasina, switzerland)E A}-&3le] 42

Ege A7 5 am, ol 5 cme] 9F Fehay Fo] #AMA He F

3 = A
(CE-310, Mecbeth, Minolta, Japan)& ©|%-3}o] Hunter value?l L, a, b 32 3%

AT 227t AEd U8 Fl=R, ¢, 2 TS ICP-MS ZICP-AESe] 93 the
7 Zol Bt F, AR AAHe &, JI=E, Y B4 s AR 9
15 g& 3@ (TFM)ol st A A2k 10 mIS Y31 T3t 315 #x3 &
hot blockell 4] 80C 2 7hAsteh s & ZA4F 10 ml Y3 thA] 7hdste] W&
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Eo] go] 7] Azt AT #atslpd 2 - 3 mlE FUEsIHA AHES 5
Atk duiEsrt B gde 8N Z4F 5 mlE 7}8ke] microwave (Qwave 2000,
Questron Technologies Corp., Canada)oll 4] &3] (160C, 30&)8 453 & FF/F<
2 A&t Aggdoz ALESIAT AR F F (Fe)2 Table 28] e wha}
ICP-AES (Activa, HORIBA Jobin-Yvon, France)E Al&3ste] SAHe gt & 2 7=
B2 ICP-MS (ELAN DRC-e, PerkinElmer Ltd., Co., USA)E A}-&3le] BA354o

o FA%72 Table 38} 2t}

Table 2. Operating condition of ICP-AES

Parameters Conditions
RF power 900 W
Argon gas flow
Nebulizer 1.20 L/min
Plasma 12 L/min
Sheath 0.2 L/min
Normal speed of pump 20 rates/min
Wavelength Fe 259.940 nm

Table 3. Operating condition of ICP-MS

Parameters Conditions
RF power 1350 W
Argon gas flow
Nebulizer 1.20 L/min
Plasma 16 L/min
Auxillary 1.25 L/min
Lens Voltage 6.25 V
Normal speed of pump 20 rates/min
Isotopes analysed "Cd, *Pb  in standard mode
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M Z ) 7|2 &4 Hexane, Hexane ¥ 3} acetonitrile 2 H AR5l s}
3|4t FFSta acetone 5 mlE FE T FA ALESITH 2AMzA
23 2o (Table 4), HZE3A < HH IS 247 0.02 - 007 mg/kg, 2
a1 783 - 1021% .

Table 4. Operating conditions for GC

Instrument 6890N (Agilent Technologies Inc., Santa Clara, CA, USA)
HP-5MS  column (30m x 0.25mm id., 025 mm film
Column _
thickness)

Initial temperature 80°C held for 5 min, increased to 280 C

Temperature
P at 10°C min-1, and then held for 20 min. at 280°C.
Carrier gas He
Injection
1pb

volume
o Zeg ey Asjstel APRA
2 AT 4F F BN AU APLAL Aol vAF HTYo
%t FEX=EHIE FHSYT AFFFY A 194 (Tier )=  AidA A
A2 BAGARZ 1E7F T AFEFY AP EHY A Y 1EPE T EY
HEy AFZ231E 24ste FAF a7t 52 59S HAAsta Al 23 157t
F& s EA8HT. 284 (Tier 2)= T8 ¥ SELXITE TE5=
GAZ HAEE 2 JAFFF U SEEXTFE ASE BEAFY dAE FEE
7] fl8ted FAF/Ee AgEA A HZ 5970 RuE IFFY HERE 5
sl ERETE TEIYH. L9z gt EEXFSF= T2 o4, Hlo
B ¥ ® (@Risk 4.5, palisade, Australia)dle] =&t} vl 2o 2 3etA (Tier 3)
= dESHEHEIT 2ds FES HEAEtE Fdste dAR AT 9y
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Ao Aol Ax AT2 3 - 64, 7 - 124, 13 - 194, 20 - 294, 30 - 494,
Jelm 654 oo BRET 4uel met 4 ()T ol 2L

@Risk program (palisade, Australia)E ©]-&3% Monte Carlo

o 100,0008 F&A=2 e FHst =&FE FASAH FHE

dAd o] Zo AU FHF 8 (Acceptable daily intake, ADDI} H|wdlo] 2]
<t T (%ADDE ArEstth. FRol54d AeE FFEFF B¢
Ze e R AETEE AAF g3 ol FetEAl Ho=EHIIE Ao,
2 o]g3dle] F7HAol=ZTF (ug/kg bw/week)

g AET F A4 A FUHAHHETF PTWDHS vuste] fsi=& 335

—_
©,
>,

o,

fr

e

o

=

a9
~
~
aQ
o
=
~
Q.
js¥}
I

= 2L
AE AHFS vz AFAHF 9% =E2FS FHe WY =EF EL &
FUSAAE viEte 2z =2 pAY R 93 AA dME FHS= dAE FAHE
o 2 dFdAe 1327k b F
YIS FAHoE IFVIE A T PAEY Fold Ui AFRdE AEEty
th 29 ARFo2E gFFETS, AP AFZTSEZE B cereuss 0] 8§sIL
o ARdA A, 24, T dx 2 TFEAAA wAE HY B H¥ o4
T BMZARE B #Ae] Z2FE o &35t FEAFEEA BHe @Risk T2
S olg3ste S T FTE=E FESEFEHE 100,000 FFLFow MEZFSE

J

gl

£
N
o

fu

Dol

o ¢
)
o
i
tlo
4 &
Og{:,l‘

_O|L
pash
o

v}, DiversiLab system-g- ©]-&3} genotyping

DiversiLab& ©|-83%t rep-PCR-E F3435}7] 95t B. cereus®] DNAZE Ultra Clean
microbial DNA isolation kitE ©]&3}¢ F&3t1 DNAEHYS 25 ng/ e &
w3tttk AlzdAel Ao wel DiversiLab Bacillus  kit< 0106]-2}2‘9%,
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PCR& Mastercycler ProE o]&3sle] t}g¢ Z7Ad wat APt 7] WAL
94T oA 287 o]FAXH 94Tl A 30z, 50CA 30%, 28|21 70T /\i 0=
1 cycle2 3} 353] HiESIYT. SFEH FAAE microfluidic ¥} Bioabalyzer2
TA % Diversilab system& ©|-83}le] H A3} Diversilab softwareE ©|8-3}
o BT BB

& Aeg AR vAE 2 eSS B, BHESY
Aok mAE Age AFFHA uwEl Total viable cell count, coliform,
Enterobacteriaceae, Staphylococcus aureus, Bacillus cereus= A% E4 sl
Escherichia coli, Salmonella spp., Listeria monocytogenes= 734 4 3ttt (Table
5).

1) YubA|#< (Total viable cell count)e] A==z 2
Ak FF= AR 25 goll Eo®E Uit &5 A 225 mlE 7IEte HFA 7
o
O

3o

tott

(BagMixer® 400, Interscience, Saint-Nom la Bretéche Arpents, France)Z o]

227 gAste, A8 1 mE FHF F Fod ANAFE 9 mlo] ©A 34
Atk Qlab gkxol o KH,PO, (Sigma chemical CO., St. Louis, MO, USA) 34 g&
THRFA &3A71, IN FAUEFSE pH 722 243 o0& FHRSFE 7Het
o] 1,000 mlz &3 i st Wgae] Rastqirk 43 d 2od J4 &F
4 1 mls FAEFFS 800 mlo] 7iste] ubeFs|qA o ZA|sted ALE-SIATH

Olt
-

1 mlE o] EFsl plate count agar (Merck, Darmstadt,
Germany)E ¢F 15 ml¥ Hol 127 EF3 & 37TolA 24 - 48 A7 vjokslo

(2) AT (coliform)} th=d=t (Escherichia coli)?] A= 2 HAHH EA

WETTe dutAldset A AES 10, 1, 01 ml ¥ 57E FHAE
brilliant-green bile lactose broth (BGLB, Merck)oll % &3}o] 37T ol A 48 A|7F
ste] 7}29] "ol el endo agar (Merck)ol &4 wjokstach d 3 3
gto] 215 ™, nutrient agar (Merck)ol A wjkste], 433 Ao oz
b Dol FAHW UFRFE PO FPaT, ArEel w0
&SI dZA T T Al Al 7F2rt 2ASE BGLB (Merck) A
1 WFo]lE FHsl] chromocult coliform agar (Merck)9} endo agar (Merck)ol]
Taate] 37TolAl 2447 wiekstal, AP AHJ HFE& MEste tryptic soy

N
e

= ol
o2 rlo

mjo
93:

el
M

4

>
d

fo &
i
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agar (TSA, Merck)oll Al &4 wjF & Vitek® 2 compact (bioMérieux)2 &3 354

3) B LA (Staphylococcus aureus)] oA F A

dubAl ot LT AP 1 mE FHste] 27 "J/& 4% 3 A 9 mlo| ©A

=
3] A 5}¢], Baired-Parker agar (BP, Merck) 3o & HENo] 1 mlo] HA =3}
3 35CollA] 45 - 48 A7 vl oFstSiTt. BP #j A ]/‘1 3743k e T FH o
7F e, Feo] glv A2 T HAFHE Asta, AFs HAA 57 o]t

= 5
HAE A gL MAEste], Baired Parker-REF (bioMérieux, France)oll A =23}
o], coagulae %S AL FAFTh FA® HFS TSA (Merck)oll 4 =iz
37°CoN A 24 A7+ wjoFsk 2, Vitek® 2 compact (bioMérieux)2 HZ elst it

@) BR8] 2~ M #H-%2 (Bacillus cereus) o BFA B
B. cereus®] AL AE 25 goll EHE JAF 4F FAMA 225 mlE P, FE7
(BagMixer®400, Interscience)oll Al 287t FAsstn A 1 mlE FHele] B
A sl 9 mlo] @A 3§45t Mannitol-egg-yolk-polymyxine agar
(Merck)ell Zt &4 3 A 0L 02 ml¥ 53] st F HFHol 1 ml7t =HA 3
30Col A 2417 v oFstHTt A48 H& FHo lecithinaseE A A sl= EE3
A BTN HHEE Agstdnt. Asd BaelA 574 o]d @3‘”—‘10] e
At TSA (Merck)ol B4 S@ab1, 30CoA 2447+ Woksh T Vitek® 2
compact (bioMérieux)2 ZHZ FAsIH ).

°|

Fl

v

mlo i o

O

(5) Armd el (Salmonella spp.)e] A A

Salmonella spp.= 2EF& A wat Al& 25 g o 225 ml2] peptone waterE 7}3}
= 7A7] (BagMixer®4OO Interscience) 2 287t #2335}, 35CAA 18 - 20 A7+
Skt vl 0.1 mlE 10 mle] rappaport-vassiliadis (Merck)oll %3}
42°Col A 24 AZF 23 wiFstth S wiFH-e thAl XLD agar (Merck)<}
Rambach agar (Merck)oll 4 =&sle] 35Tl A 24 A|F vjeksle] A== HE
<& TSA (Merck)oll &7 uloFsta Vitek® 2 compact (bioMérieux)2  HZEF 213}
9.

kl

(6) B2l E o} iAol EAU| 2 (Listeria monocytogenes)d] A EA
L. monocytogenes= 2)F3 Aol wa} HAAHEAL HAAIFATE. A|E 25 go] 225 mle]
Listeria enrichment broth (Merck)E 7}ste] o2 7| (BagMixer 400, Interscience)Z
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2 27F gAzste, 30TCHA 2447 FFujFetdtt. ST YA S palcam agar
| ¥4 =wsta, 30CAA 24 - 48417 wikste], MEAA TS TSA

(7) ol=e1EA A FFo| (Aflatoxin-producing moulds) o] A £ A

O} ZEENS AAstE For DHR Aspergillus flaous$t A. parasiticus®] B4 EALS 9
3] MedujR]= AFPA base (Oxoid LTD, Hampshire, England)E A}-&3}ith. AFPA Hj %]
13

i
A ZA AT S48 oA 7] Yste] BH3F AFPA baseE 50T7HA 43 & o
< 3 mlof] =< Chloramphenicol selective supplement (Oxoid)E 7}l F-23] 47
A2 ZASET. AR 20 goll 01% HES 100 mlS ¥, F27] (BagMixer®00,
Interscience) 2 287+ #A3slAth 5L YESZE 110, 120, 140 22 3435l 7t
7} 01 ml A2 AFPA Hj7o] E@ale], 30CAA 42407 Wkl elth SlHE FAlo] T,
Szo] wal/F3e AYH Po] wolw Poz BB

(8) F W HT4 (Enterrobacteriaceae)?] 4]

FU Al (Enterobacteriaceae)2 7 Wloll AM&Sh= Ao 2, Escherichia, Enterobacter,
Kilebsiella, Citrobacter, Erwinia, Serratia, Proteus, Salmonella, Shigella o] <3t} gl A
T (Enterobacteriaceae)e] A=z EA ZJAd4= 1SO 21528-2 (17) wha} A A
ST dutAl Tt BYd HHor ZAZ AFN 1 miE FHEte] HE A &

Z H49 9 mio] wA HAatel, 2 wA HA 1 mE Bl BTz,
crystal-violet neutral-red bile glucose agar (Merck)E 15 ml = FHof Z Z33}
o 37COIA 24A7 WoFstTh 4FT A FolH BT, Wb, Bedg o

T JFEE Agsta, Agd HaedA 57he e FH3S tryptic soy agar (TSA,
Merck)ell X  Tosla  37ColA 2447 vjFste]  Vitek® 2 compact
(BioMérieux) 2 A3 FWAlT F Enterobacter sakazakii7} A=<= HEHe
AEu) x| 2 brilliance Enterobacter sakazakii agar (Oxoid, Cambridge, UK)E A}-&

st AP A EALS F< F, Vitek® 2 compact (BioMérieux)2 &¢lst4ith.
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Table 5. List of methodologies used to determine microbial quality

A 2R A A EA
= Al g Hd = kR
T 2FTH 2008 g A F5d 2008
A AZFA 2008 Ard g 21 ZFH 2008
gl2gglo}  ExA}
] A& T4 Al .31 7]
U A 2= ISO 21528-2 (2004) oA 2 N Z 3 2008

g TF9 AFFAL tryptic soy broth (TSB, Merck), nutrient broth (NB,
Merck), brain heart infusion broth (BHI, Merck) HjA]| & Al&3H o™, AlEH =
B Fe Al@ufA et LI wj A 23F o] Ahujgste] FE3] &)

o AFESIE Y. HUAFE (maximum growth rate)9} F%=7] (lag phase) A3t

Baranyi & Roberts equation2 ©]-&3}o] AA4ks A o).

it

Olt
-

1o
j

) Hx=o Ao =4

Growth kinetic #4-& €3 OD 3zk& BioPhotomer (Eppendorf, Hamburg,
Germany)¥£+= Multi detection microplate reader (BioTek instrument, Winooski,
VT, USA)E AL&35te] 600nmoll A EAstgoH, Aadse FAHdoa 0.85% Nacl
L-oM-2 Algsle] FEg7F 25 - 250 cfu/plate’} FHE=Z 3 A3l plate count agar
(Merck)& A3t BF B (HFTH 200922 U

G Hrle tazm Fao s S35t B, cereus £ FE TSB (Merck)ol)
HEsl 30TANA wjeF & 05McFz 85 A5, dAHHE tryptic soy agar
(TSA, Merck) Z#o|Ed =E3lo FHF #4547} 5 log CFU/plate’} =% st

A 4% BAel AL folade 9

¥F T332 Bacllus cereus ATCC 145792 AL83stg 3o A 273 B. cereus
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=2 AT T2 Tryptic Soy Agar (TSA, Merck)oll =#3te] 30Co|A 18 - 24

Al ZF vjF3tal Tryptic Soy Broth (TSB, Merck)2 &7 6A17F vjSF & AME3}¥iT).
frle 48 w22 3Mg & 02 pm ZEE o8t Baste] ARSI
HZ® B. cereuse 30T 37 wjYr] (JEIO TECK, korea)ollA] X & wjFstAA o
o HstE: AT T2 108 Ao r Z oA 34 1 mlE FHste] H
ol EF3}2 plate count agar (Merck, Darmstadt, Germany)E 2F 15 ml ¥ 1
2A EFF F 30TNA 18 - 2447 wjFste] 433 JAS+E SHSAT
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Table 6. Possible hazards during red pepper powder processing
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Table 7. List of physicochemical (upper) and microbiological hazard (lower) for

analysis
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Fig. 2. Various processes for red pepper powder processing
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Table 8. Monthly temperatures of cold storage room for processed red pepper

powder products

Mean  Stdev Mean Stdev
14 74 0.6 74 8.3 0.7
24 7.3 0.6 8 8.3 0.6
3¢ 8.0 0.6 94 8.4 0.6
44 8.4 0.6 104 8.5 0.7
54 8.3 0.6 114 8.3 0.6
64 8.3 0.6 124 7.1 0.9

Table 9. Relative humidity in Andong and Imsil area

BE AT (BorEEAAY AE JdAd (HTLEESHA}
19 636 119 79 801 79 14 728 100 79 798 55
29 587 142 89 789 £90 24 673 +10.7 8% 785 157
34 618 +15.3 94 792 +86 34 650 +11.2 94 771 t74
49 58 133 10¥ 770  £9.1 44 610 +114 10¥ 741 6.3
59 614 +138 114 702 +141 54 653 +11.2 11¢ 710 8.0
64 698 +11.2 12¥ 686 150 6% 718 95 124 729 82
og 80 |
Month Month
HEAY BE AL 2L FBAG AR HET AE Q4] 2007 - 20099 LE
A EEE A A 56.8413.3 - 80.117.9% A AT AlH TF 1FE7FY FE
G P FEBATE 22 93 - 135%F 035 - 054 AR ALAA ok ATt
(Table 9)
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Table 10. ASTA values and surface color difference values of collected packaged

red pepper powder products

Sanple Surface color difference (mean+stdev)
No, ASTA
L a b

1 70 02 %7 03 172 07 102 +06
2 A0 07 39 02 133 02 75 01
3 B0 06 B0 +14 168 01 102 =01
4 740 +19 38 +03 141 +14 80 +09
5 740 02 %3 04 159 05 94 +04
6 700 £15 33 04 178 03 12 +04
7 60 +14 M4 +05 150 209 83 06
8 60 +04 b8 +02 183 02 n2 =01
9 720 08 3b3 202 166 04 100 01
10 460 09 361 03 173 01 n5 =01
1 740 +08 38 +03 180 02 101 +02
12 510 0.0 33 01 109 09 61 0.6
13 50 +04 %3 04 139 +06 88 +04
14 770 £08 368 +03 181 04 108 03
15 50 05 386 03 171 #03 126 +02
16 670 £1.8 37 03 124 01 72 +03
17 770 £08 37 06 168 0.7 99 +04
18 720 03 %8 04 166 206 98 +05
19 80 +08 M4 201 158 01 84 02
20 %0 +1.0 3b8 04 146 +0.0 93 03
21 B0 +1.0 366 02 201 06 103 +04
2 710 205 349 04 171 02 105 +04
23 80 +14 362 02 190 +03 13 +05
24 1210 09 370 02 199 03 13 +02
25 60 02 37 01 148 04 84 02
26 60 +03 48 02 156 +1.0 93 0.8
27 80 01 %4 02 165 04 91 03
28 80 04 366 +05 185 412 106 =07
29 00 0.0 %7 03 148 07 90 +14
30 710 03 %6 01 179 02 109 01
31 810 0.2 346 +02 167 05 94 +04
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FEABY FEIFFS 92 - 135%02 7Fd HFsIPon, FELDHE (Aw)=
035 - 0549t} (Table 11).
FH9 24 1ERY SRR EE FERAEE AT 3E4e vz
(Fig. 11). HACCP #-§ % (AB), I&A AR (CD) AF EF TEFZFH FTTF
oke] AEAdLE 0009 - 0119 (Fig. 10. A, O), FREZAAE} FoToe 4BAdL
-0.008¢1 4] 0463 (Fig. 10. B, D)2.& o} HAZFAFY TEIHF v TEEHEY
AFY Fagel nAe &2 I Fokoh
140 140
® HACCP 100 100 ®  Organic
O Non HACCP 0 ’J_‘ 90 O Conventional
120 0% :Z ’_L‘ 120% :Z ’J_‘ ’J_‘ o
E 100 4 £ ILACC‘P Nol‘lHAC‘CP E 100 g (‘)r ‘ c ‘ ‘
8 ° 8 ganic onventional o
< o ® o < o
; 80 1 ° o o © ; 80 * o o o
< b ° .ooooo o < .Oooooo o o
° L [ ] oo o o (o]6) o %o
60 - o 60 °
T A o 0% 7 B

40

Samples (Arbitrary Number)

40

Samples (Arbitrary number)

Fig. 9. ASTA color values for packaged red pepper powder products. A; HACCP

and non HACCP products, B; Organic and conventional products.
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Table 11. Water contents and water activity of collected packaged red pepper

powder products

Sample Water content aw Sample Water content aw

No. (%, mean stdev) (mean+stdev) No. (%, mean stdev) (mean #stdev)
1 111 £0.1 0493 £0.001 17 92 +0.7 0473 +0.004
2 119 0.3 0523 +0.001 18 96 +£0.9 0421 +0.009
3 93 £0.6 0.350 +£0.001 19 122 £0.6 0509 +0.002
4 N4 £0.7 0.519 £0.000 20 102 +0.9 0428 +0.000
5 113 +0.4 0.535 +£0.001 21 106 £0.5 0446 +0.004
6 106 £0.3 0485 +0.001 22 130 £1.0 0517 +0.001
7 1.0 £1.0 0488 +0.001 23 111 £0.2 0490 +0.001
8 98 £0.2 0429 £0.001 24 106 £0.3 0502 +0.001
9 107 £1.2 0478 +0.001 25 121 £0.3 0494 +0.003
10 100 0.3 0450 +0.001 26 97 +0.7 0413 +0.002
11 97 +0.2 0427 +£0.001 27 100 0.4 0427 +0.001
12 135 £0.9 0.534 +£0.001 28 113 +£1.0 0427 +0.000
13 104 +0.6 0463 +£0.001 29 116 +1.2 0478 +0.003
14 124 £2.1 0444 +0.001 30 121 £1.3 0407 +0.001
15 98 0.8 0520 +0.001 31 100 0.6 0407 +0.001
16 118 0.6 0539 +0.002
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Fig. 10. Correlations between total viable counts and water contents or water
activity of packaged red pepper powder products. A; Total viable cell counts vs.
water contents (HACCP and non HACCP products), B; Total viable cell counts
vs. water activity (HACCP and non HACCP products), C; Total viable cell
counts vs. water contents (organic and conventional products), D; Total viable

cell counts vs. water activity (organic and conventional products).
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Table. 12. MRLs for pesticides for dried red pepper and analyzed pesticides

R K =A
wopd (E)  wopd (9% A%  ARPC 2008 Axs HwS°h%
el A E AT o
(2001) 52k (2008) (2005)
olAElH| =g = Acetamiprid 10
olANF A-ug Azinphos-methyl 1.0
olFA|A~ERH] Azoxystrobin 7
Gl il Eat=d) Bifenthrin 3
Fha oA Carbendazim 15
ZzE3vig= Chlorfenapyr 5 |
Z2EYg¥EA Chlorpyrifos 1 | | |
FERelEd Chlorothalonil 15
Az A old Clothianidin 10
»lol ez 2 Cyhalothrin 2
Hlo] o] v 2 Cypermethrin 1 ] ]
t}o] o} x| = Diazinon 3 [ ]
g Folx Dichlofluanid 5
o EA7}8. Diethofencarb 3
Z3 Folpet 25
oju|tla R Eg]le Imidacloprid 3
Ql=ALFLH Indoxacarb 5
o] R Iprodione 15
FH T2 Lufenuron 2
| e} =4 Metalaxyl 5
1 ] Methomyl 5
o EA] | A} o] = Methoxyfenozide 5
nlo]Z 2 Rty Myclobutanil 5
Z I AN = Procymidone 15 ]
g mzEA Pyraclofos 5
R AUy= Tebuconazole 5
HEZDZ U= Tetraconazole 3
EFRE Trichlorfon (DEP) 0.02
Chlorpyrifos-methyl 01° |
alpha-Endosulfan . ~ [ | | ||
beta-Endosulfan Et}ﬁ“;] T ] ] ]
Endosulfan sulfate
EPN 01° [ | |
Fenitrothion 0.1° ]
Fenvalerate 0.1° |
Methidathion - | |
* : Minimum residual level (MRL{}L provided by Korea Food and Drug
Administration. www.safeq.go.kr (Accessed July 95,7 2009)

® . Green & red pepper (fresh)

C

fresh produces such ¢
powder 0.2), tea (dried 0.2), cottonsee

as sorghum

(Accessed. July 9, 2009)
A4 0 AFY T ZFEETIE (2009) A FoFFAAA

54

A wopyR

www.safeq.go.kr

Az U9,

_52_

= A

54F Ao

L

: Not specified for green and red pepper. Regulated for almond and other
1), green tea_ extracts (dried
(0.2), almond (0.05), www.safeq.go.kr

processed
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ARt BAARERE 2

= T
& T 13%S GCMSDE EAsigith. AFset 135 & F 63 (a
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Fig. 12. Gas chromatography/mass spectrometry chromatogram of (a) chlorpyrifos
and (b) cypermethrin in sample. Intet figure showed SIM mass spectrum of

chlorpyrifos and cypermethrin.
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Table 13. Analysis of residual pesticides in red pepper powder

ok (G5 BT S e No. of samples Detection range
(mg/ke) above MRL (%) (mg/kg)
Chlorfenapyr 5 0 (0) 0
Chlorpyrifos 1 3 (9.7) 0~2.35
Cypermethrin 1 2 (6.5) 0~1.23
Diazinon 3 0 (0) 0
Procymidone 15 0 (0) 0~0.33
Chlorpyrifos-methyl 0.1° 0 (0) 0
alpha-Endosulfan A 7|2
beta-Endosulfan 0 (0) 0~05
Endosulfan sulfate 5
EPN 0.1° 0 (0) 0
Fenitrothion 0.1° 0 (0) 0
Fenvalerate 0.1° 0 (0) 0~0.10
Methidathion - 0 (0) 0

* MRL : Maximum Residue Limit
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Table 14. Comparison of residual pesticides levels

HACCP

non HACCP

Pesticides Detection (%)  Above MRL (%)  Range (mean), (mg/kg)

Detection (%)

Above MRL (%)  Range (mean), (mg/kg)

Daizinone 0 0 0

Chlorpyrifos-methyl 0 0 0
Fenitrothicn 0 0 0
Methidathion 0 0 0
EPN 0 0 0
Chlorpenapyr 0 ] 0
Chlerpyrifes 214 71 0~2.35(1.2) 353 11.8 0~1.57 (1.0
Cypermethrin 85.7 0 0~0.21 (0.09) 824 118 0~1.23 (0.36)
Endosulfan 286 0 0~0.48 (0.08) 294 0 0~05. (0.11)
Fenvalerate 64.3 0 0~0.10 (0.02) 76.5 1] 0~0.06 (0.02)
Procymidone 214 0 0~0.33 (0.05) 5.9 0 0-~0.18 (0.01)
HACCP No HACCP

Range (mean), (cfu/g)

Range (mean), (cfu/g)

Total viable count 3.7E+02~1.7E+07 (4 6E+06)

5.8E+04~2.0E+07(6.2E+08)

Organic Conventicnal

Pesticides Detection (%) Above MRL (%)  Range (mean), (mg/kg) Detection (%) Above MRL (%) Range (mean), (mg/kg)

Daizinone 0 0 0

Chlorpyrifos-methyl 0 0 0

Fenitrothion 0 0 0

Methidathion 0 0 0

EPN 0 o] u]

Chlerpenapyr 0 0 0

Chlerpynifos 0 0 0-0 (0 36.0 12.0 0~2.35 (0.29)

Cypermethrin 33.3 0 0~0.21 (0.02) 96.0 118 0~1.23 {0.29)

Endosulfan 0 0 0~0 (0) 36.0 0 0~053(012)

Fenvalerate 0 0 0~0 (0) 88.0 0 0~0.10 (0.03)

Procymidone 0 0 0-0.33 (0) 16.0 0 0~0.33 (0.04)

Organic Conventicnal
Range (mean), (cfu/g) Range (mean), (cfu/g)
Total viable count 2.8E+05~1.7E+07 (6.8E+06) 3 8E+03~2.0E+07 (5.2E+06)
PN
Q 7 T HH F3
= = =] B3 I=]

Aol A AAZ GAF HIR AF AFEA Edo] we} VrEASR 42 1
= P A= = = A=
271% % AR50 AR BB FYARERE B 2QES F7lT 47
= = = O = = B O = = =
2AGGT Holx2e B9 AWEAL dud AT F 5% oQE HEE
PN =] = 5 = = = =
T3 BAsT. 92 § ZFFY LEE (Table 15)% 1x7MF 5 F AFs5
SYUE H@ (Table 16)= olgfst Ptk 77124 Azel Bde 53 712 Wf%
% odE ZWeRH AEWEsl B1 MRL o4 A2H o 238
(chlorpyrifos, cypermethrin) S|gE4] Aoz HAAsH
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Table 15. Contamination of pesticide residue for red pepper

Fopy

(A.) Dried red pepper

(A) Red pepper

(B) Dried red
pepper

(C) pepper

Detection
rate (%)

range (mg/kg)

mean

(mg/kg)

Detection
rate (%)

range (mg/kg)

mean

mean (mg/kg) (mg/ke)

Acetamiprid

Azinphos-methyl

Azoxystrobin

Bifenthrin

Carbendazim

Chlorfenapyr

Chlorpyrifos

22

0.018-0.467

0.173

22

0.012-0.272

0.071

0.303 127

Chlorothalonil

78

0.056-0.134

0.094

78

0.011-0.792

0.130

Clothianidin

Cyhalothrin

22

0.146-0.175

0.132

22

0.032-0.043

0.028

Cypermethrin

56

0.301-2.163

0.847

56

0.052-0.262

0.145

0.027

Diazinon

Dichlofluanid

Diethofencarb

Folpet

Imidacloprid

Indoxacarb

Iprodione

Lufenuron

11

0.807-0.807

0.406

11

0.148-0.148

0.080

Metalaxyl

1471

Methomyl

Methoxyfenozide

Myclobutanil
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Table 15. Contamination of pesticide residue for red pepper (continued)

(B) Dried red

(A.) Dried red pepper (A) Red pepper (C) pepper
e okm pepper
e Detection Range Mean Detection Range Mean Mean Mean
rate (%) (mg/kg) (mg/ke) rate (%) (mg/kg) (mg/kg) (mg/lkg) (mg/kg)
Procymidone 22 0.180-0.368 0.619 11 0.064-0.064 0.135
Pyraclofos
Tebuconazole 33 0.042-0.517 2494 22 0.084-0.108 0.581 2539
Tetraconazole
Trichlorfon (DEP)
Chlorpyrifos-methyl
alpha-Endosulfan
beta-Endosulfan 100 0.710-2.797 1.288 22 0.349-0.713 0132 0.155 223
Endosulfan sulfate
EPN 6.868
Fenitrothion 11 0.024-0.024 0.315 11 0.107-0.107 0.074
Fenvalerate 44 0.196-1.356 0.499 44 0.025-0.291 0.0% 0473
Methidathion

0

[¢]

A Z2EAD Ax 129 $E 13712 F A5%F mUEY 2 9814 B®rlk 2006, 2B 9], Korean J. Pesticide Sic. 10 (1)

15-21.
B. 424 5 AXFAE F9o FgdF A A3 2007. AE 9. Korean J. Food. Sci, Technol. 39 (2) 114-121.
C. A& HEAY f& 45 T sFdFAH AL 2009. 8435 <. Journal of Food Hygiene and Safety. 24 (1) 22-37.
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Table 16. Contamination of pesticide residue for red pepper powder

(4)

(B)

(D)

5ok Detection  Range

rate (%) (mg/kg)

Mean

(mg/kg)

Detection
rate (%)

Range
(mg/kg)

Mean

(mg/kg)

Range
(mg/kg)

Acetamiprid

Azinphos-methyl

Azoxystrobin

1.573-4.808

Bifenthrin

e
juk)
T

Carbendazim

e
i

Chlorfenapyr

50

0.049-0.196

0122

(.865-0.865

B o

Chlorpyrifos 0.588-2.351

1.087 100

0.115-0.697

0.262

=

(.554-1.472

Chlorothalonil

100

0.043-0.168

0.079

e
o
o Y

Clothianidin

Cyhalothrin

50

0.022-0.078

0.080

Cypermethrin 0.024-1.228

0.280 100

0.351-1.109

0.652

e
juk)
T

1.788-4.265

o R

e
i

Diazinon

Dichlofluanid

Diethofencarb

Folpet

e
o
et

Imidacloprid

Indoxacarb

Iprodione

Lufenuron

50

0.039-0.321

0217

Metalaxyl

Methomyl

Methoxyfenozide
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Table 16. Contamination of pesticide residue for red pepper powder (continued)

(4) (B) (© (D)

o Detection ~ Range Mean  Detection  Range Mean Detection  Range Mean Detection = Range
rate (%) (mg/kg) (mg/kg) rate (%) (mg/ke) (meks) rate (%) (mghke) (mgkg) rate (%) (mg/ke)
Myclobutanil
Procymidone 13 0164-0.330  0.231 63 0.091-0188  0.324
Pyraclofos
Tebuconazole 88 0.036-0.697  0.196 177  3.150-7.4537
Tetraconazole

Trichlorfon (DEP)
Chlorpyrifos-methyl

13 0.010-0,010  0.140

e
o
et

alpha-Endosulfan

29 0.031-0.530  0.330

beta-Endosulfan 100 0.246-1418  0.653

Endosulfan sulfate B2H=

EPN EA=E 50 0.309-2.044  0.687

Fenitrothion B2H= 38 0.359-0.359  0.454 21 5.34-5.34 534

Fenvalerate 71 0.074-0.520 0154 100 4.3 0.83-0.83 0.83 13.3 1.438-2.499
Methidathion EHE 13 2=

A B AT 24 dolg

B. 3249 24 139 5 nEN%F 5 2RE wUBY 2 a4 Brk 2006, PFL 9. Korean J. Pesticide Sic. 10 (1)
15-21.

C. mE7% Az 4% F AuARe 24 2 #Bes)E 4F A7 2001 P

D. AFexg 7|7t WE u27tT F FoFe IH= Wl 2009. 2 9. FokE3] ], 12 (3) 127-132.

AL
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194 B4 2ot EFea2RE E&53 0H98 % 09: AHE ngo® &R
THFE NESAT B AAgE 4R @Risk Z2IPE o] 85t LEE
o H3t GETEITE EEAUL L& HS TExFFE 2HEHY e dE
2 EH HRo QP8-S o|83te] Pert distributiong T3} (Table 17)

Table 17. Distributions for contamination level of chloropyrifos and

cypermethrine in red pepper powder

Chlorpyrifos Cypermethrin
QHU5E detetion Mean ooe ny detetion Mean ooe ny
rate  (mg/kg) T rate  (mg/kg) T
Expon Lognorm
1 : . . .
Study 1029 1087 (0.49899) 084 0280 og685,0.67214)
Study 2 1.00 0.262 1.00 0.652
Study 3 045 0.310
Study 4 0.10 0.513 0.13 3.027

€ 34 ;. FEYIAEA Y s 2 FAx
3HA R FHF&7]Fo] 27F chlorpyrifos 2 cypermethrin®] @ J=o] o3t &

TIFE o8&t ZHIIER AEdoldel AT HolxEHFE FAHSAC
__lE_

il

N
-~

% chloropyrifos®} cypermethrinee] FEQTEAMZLL A

kl

lo
Mo 2 g M HE

=

AAH 2 AAAF e FEFETE D85t JALHASH dEHTE
Zth (Table 18). EAFEAHED L @RiskE o]&3te] NEstgien 2+ &
FrEEE 1000008 A WEFEE 2SR AEH AT AE

Ay A% B[} T =E2FTTC]l =UE chloropyrifos} cypermethrin
2% dA¥TE 95" percentile Ao]=ZFL UY AH3|EF (acceptable daily
intake, ADI)®] 0.04%0]st2 ZHEo] uE/t= 4o o8t T @AREcte 95E
= ke 2 Ao JidE gAH HIWel 93 dEHRtEds 289
o82M LA FE=EHI} F£Po| 755t (Table 29).

= oy S
[0}
r l-'l Lo l—ﬂ

|
fl
i
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Table 18. Variables and distribution for risk model (pesticide)

Variables Definition Unit  Distribution/Model Sources

D . f Kim et al., 2006
Dr  pesticide ¢ o0 - Pert (0.1, 046, 1)  Jung et al., 2001
Cho et al., 2009

Concentration of
Dc  pesticide in mg/kg E;(hpl(f)tn ( 05%%%%9 ¢ Analyzed data
positive samples

Consumption

g - KNHANES I, 2005
amount

BW  Body weight kg - KFDA 2004

Table 19. Risk assessment of dietary exposure to residual pesticides

Chlorpyrifos Cypermethrin
o Age z:?:t ADP Daily exposure : % ADP! s Daily exposure : % ADI
rs) o mean 95" percentile (ughg ~ Mean 95" percentile
(kg) Jday) (ugskg bw  (ugskg bw mean 95" percentile 0 (ngskg bw  (ugkg bw mean 95" percentile
/day) /day) Jday) Jday)

Male  2-8 19.25 10 0.018 0.0096 0.0610 0.0317 50 0.007 0.0007 0.0286 0.0030
7-12 4085 10 0.017 0.0043 0.0580 0.0143 50 0.007 0.0003 0.0269 0.0013
13-19 5843 10 0.016 0.0027 0.0517 0.0088 50 0.0086 0.0002 0.0242 0.0008
20-29  70.61 10 0.021 0.0029 0.0689 0.0098 50 0.008 0.0002 0.0323 0.0009
30-49 7061 10 0.025 0.0035 0.0833 0.0118 50 0.009 0.0003 0.0388 0.0011
50-64  68.62 10 0.022 0.0032 0.0735 0.0107 50 0.008 0.0002 0.0341 0.0010
65 66.5 10 0.017 0.0025 0.0557 0.0084 50 0.006 0.0002 0.0008

Female 3-6 1877 10 0.022 0.0115 0.0722 0.0385 50 0.008 0.0009 0.0035
7-12 3637 10 0.015 0.0042 0.0510 0.0140 50 0.006 0.0003 0.0013
131890 5131 10 0.016 0.0031 0.0525 0.0102 50 0.006 0.0002 0.0009
20-29 5466 10 0.022 0.0041 0.0739 0.0135 50 0.008 0.0003 0.0013
30-49 5466 10 0.021 0.0039 0.0706 0.0129 50 0.008 0.0003 0.0012
50-64 56.75 10 0.019 0.0033 0.0622 0.0110 50 0.007 0.0002 0.0010
65 60.79 10 0.015 0.0025 0.0500 0.0082 50 0.006 0.0002 0.0008

y x body weight(kg) x 100

roup for males and females

roup for males and females.
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Fig. 13. Framework for probabilistic risk model (aflatoxin).
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Table 20. Contamination of aflatoxin in dried red pepper and product in Korea

Aflatoxins (ug/kg) ax Al A Ed
AFB, AFB, AFG; AFG,; AFs
008 ND ND ND 008
Processed 8(1)2 Eg EB EB 8(1)2 randomly collected Aflatoxins contamination in spices and
products O. 19 ND ND ND O. 19 2006 (Gangneung, Wonju, Seoul, processed spice products
(red pepper flour, 0'3 i ND ND ND 0'3 1 Anyang, Daejeon, Cheongju, commercialized in Korea,
incidence=7/41) 0'59 ND ND ND 0'59 Gwangju, Sunchang, Daegu, Busan) S.-H. CHO et al., 2008
Red 445 021 ND ND 466
pepper 0
0
powder Hot pepper powder 0.31 2004 Seoul, Dacjeon, Gwangju, Natural occurrence ar}d risk estimates
Incidencen=4/7 039 ) Gangneung, Da Busan for aflatoxin B1,
(Incidencen=4/7) 5 2005 gheting, acet OK et al., 2007
037
0
Red pepper flour . . AFE T T ol EuEAN L nE Y HUL
. B
(n=3) 0021 2007  Seoul, Busan, Gwangju, Daejeon 2007
Cultivation stage (n=41) ND Survey for contamination and study
for reduction of
Storage manufacture
Red " - ND 2009 Hongsung, Youngyang, ochratoxin A and aflatoxin in red
pepper stage (n=68) Andong, Goisan, Chungyang pepper
Circulation stage (n=83) 0.06 D. H. KIM et al., 2009
A2 2 ZF olZglEAN 0 =2k 1
ND 2007  Seoul, Busan, Gwangju, Dagjeon ' © ° ek Al e g,
Red 2007
pepper Kochujang 021 ND ND ND 021 randomly colle‘zcted Aflatoxins contamlnfatlon in spices and
aste 2006 (Gangneung, Wonju, Seoul, processed spice products
P 018 ND 037 ND 055 Anyang, Daejeon, Cheongju, commercialized in Korea,
Gwangju, Sunchang, Daegu, Busan) S.-H. CHO et al., 2008
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Table 21. Variables and distributions for risk model (aflatoxin)

Variables Definition Unit Distribution/Model Sources

Detection rate of Cho et al., 2008
Dr ) - Pert (0.02, 0.25, 0.57) Ok et al., 2007

aflatoxin B; Kim et al., 2009

Concentration of Invgauss (0.89259,

e aflatoxin B in —ug/kg o 15160)45hife (0.01953)
positive samples

c  Consumption ) KNHANES II,
amount 8 2005

BW  Body weight kg - KFDA 2004

AEFTHY LEIHT F oEHEA 71ES F ohEHEA1L 15 ug/kg, okEEEA

g 7IELE AL o A
el XE otgio aiiz%@r 7&9}5} GEEX w2 HA A
9] 95%% 1.07 ug/kg ©]5}e] o}ZEEA Bio] S@EH gom WHE LAEE
0.248 ug/kg2 7|FAE ZA 3133, 99th percentile LHEE 4905 ug/kgZ
7| Bt vrol =7t vokth

u&

Fig. 14. Histogram of aflatoxin contamination in red pepper powder.
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Table 22. Estimation of aflatoxin contamination level for red pepper powder

Concentration of Aflatoxin B, (ug/kg)

Mean 90% Perc 95% Perc 99% Perc

Concentration of AFB; in
0.248 0.428 1.088 4905
entire samples

Table 23. Estimation of dietary exposure to aflatoxin from the consumption of

red pepper powder

Daily exposure to Aflatoxin B, (ug/kg bw/day)

Gender Age (years)

Mean 90% Perc 95% Perc 99% Perc

Male 3-6 9.00E-06 1.55E-05 3.95E-05 1.78E-04
7-12 8.50E-06 147E-05 3.72E-05 1.67E-04

13-19 7.60E-06 1.31E-05 3.33E-05 1.49E-04

20-29 1.02E-05 1.76E-05 4 49E-05 2.00E-04

30-49 1.23E-05 211E-05 5.39E-05 242E-04

50-64 1.08E-05 1.87E-05 4.73E-05 2.14E-04

65- 8.18E-06 1.41E-05 3.56E-05 1.63E-04

Female 3-6 1.05E-05 1.79E-05 4.60E-05 2.10E-04
7-12 749E-06 1.29E-05 3.27E-05 147E-04

13-19 7.72E-06 1.31E-05 3.39E-05 1.54E-04

20-29 1.09E-05 1.87E-05 4.79E-05 2.16E-04

30-49 1.04E-05 1.79E-05 4 56E-05 2.08E-04

50-64 9.16E-06 1.59E-05 4.01E-05 1.84E-04

65- 7.33E-06 1.26E-05 3.21E-05 143E-04
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Fig. 15. Residual heavy metals in packaged red pepper powder products.
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Table 24. Residual heavy metals in HACCP and non HACCP products

z= AE Cd Pb
o T 71E o1t 71% o4 71% ol 71204
HACCP ) - ) :
products 14 14/14 (100%)  0/14 (0%)  14/14 (100%)  0/14 (0%)
non HACCP ) . ] )
roducts 17 17/17 (100%) 0717 (0%)  17/17 (100%)  0/17 (0%)
z A 31 31/31 (100%)  0/31 (0%) 31/31 (100%)  0/31 (0%)
1 7% AE (Fig. 1) F $345¢ 4F3H AA425ATY (2008)9) 25t
AT LEME F FEE LdEE CdY B§ 004 - 017 mg/kg, Pbe] 7
O

trace - 0.15 mg/kgolle™ 1LZ7tFo] FEFFS YuFof FEFHF (85% 7]
F)oz gak & A$ CdE 0.005 - 0.024 mg/kg, Pbe 0.00002 - 0021 mg/kgZ
Codex 7] 0.05 & 0.Img/kgRt} ZA Yo} BE AFA 7|EXE A &

Xth (Fig. 15, Table 25). (F4tE T @3 7I=&F tgk Codex 71L& HE =)
THENZFAANME FEFHZFS 1HI FF5 FFHL 7|EXEY Lohtt (Table

25).
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Table 25. Level of heavy metals in dried red pepper and red pepper powder

Red pepper powder Pepper
(A) (B) A&t (B) &7~ (©) red pepper (D) pepper
mean range mean
(mg/ke) (me /ke) range (ppm) range (ppm) range (mg/kg) (mg/ke) range (mg/kg)
Fe 6.95 3.96-12.22 38.2-178.8 46.0-112.3 0.5-2.1 trace N.D.-trace
Pb 0.04 trace-0.15 0.15-0.64 0.042 0.020-0.042
Cd 0.10 0.04-0.17 0.04-0.38 0.10-0.28
Al 6.7-64.7 8.2-85.5
Cr N.D.-2.07 0.24-2.75 0.751 0.643-0.923
Cu 44-204 51-12.5 1431 0.992-2.448
Mn 14.8-87.7 21.2-40.8
3.897 0.918-3.897
Zn 13.8-48.4 11.7-26.7

N.D. : not detected

A 2 A7 4 dHelH

‘O,
B
to
Mo
1%
Se,

B 2 wE7E A AT 2001 R
C tg3iad #2449 vla 2 5% 297 A2F Wk 2000. o2 9. =A-dF 32 A]. 37 (1) 55-66.
D. 545 59 wHFEFF 24 2000 8Hg S 9], S FG 43 A]. 13 (6) 595-601.
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Fig. 16. Dietary exposure to lead and cadmium from the consumption of red
pepper powder.
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A2 ARHAN A s DEIE B4R AR £2L 3 AT =25y
3 27 W44 TAE F B cerews’t B4 9 BREAAN @EH oo t
S 0e vde AESAD. B crest: & E% F 5 AAA AAsis 27
BH HEOR B4W AFEF F SR A2 4ZFE 24 3457 3L FA
o (Fig. 18). £, 97, @ Fo] 9qo] FAMA A7} ZsHm glem 2008
A% 49 A% TAE L3R UF AFFE GAR AFISeaTaRY )
ZFolq 2E7HE Qa B. cereus 5 HAHTAE 24 7)Fo] Z71E AT

20 400
[ Outbreak (Case)

—@— Patients

Outbreak (Case)
Patients

2002 2003 2004 2005 2006 2007 2008

Year

Fig. 18. TFoodborne outbreaks by B. cereus reported by Korea between 2002 and 2008.

B. cereus NFE52 o] wAFo] Aisle Fihd 9% Ao=Z HALY (diarrheal
disease)¥} TEF (emetic disease) 27}X|7} Qith. X 97 Wby EFo| Qlom JEH
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&)
B. cereus®] AAVY AFEL 0 @® 747 10° CFU/g ool Wi shy, w4 4
53 3 &

E = 10% B3== 10° CFU/g ©] oA wAstE Foz %}aﬂz% AT =oF
A 5 2 AP FAAE 10° - 10* CFU/g Bz 2 7153 Aew d8A )
ok E4 AL T3] wel Akl xpolzt lol JHE A FA B cereus
Zo] 10° - 10" CFU/g W9l = A3 Asittn & =

.ZI:
10° - 5<10° CFU/g oIAFE 2A4Y 5 Atk Hu=Ey 3% T =24 AL
o2, AFske AR RzEd we o] bEd

i)
2

(o3
N
fr
§2
v

UdutH o2 B. cereusol] &3 AAE AFEo] Bty 93 T ¥ 1.2x10° -
10° CFU/gol3l, TE® AFE9 ALE 10° - 5x10"° CFU/golth. YR J3tzA}
23 AFE AT BdE FEY —:ciﬂ ok 001 - 1.28 pg/go 2 ZALE H} ¢
th. oA B. cereus AFE LA A 2dFe FEE BEAI 2z, 100 - 107
CFU/g & o 71F o] wAstgen, 10° CFU/golate] ¥e Fxoa w3 7

h S AT BE =40 G4 HFSS HQl AE 1-‘5 B. cereus7} 10°
CFU/g o4 ZAste Aoz 48A 9lont B. cereus7t 10* - 10° CFU/g &5}

= AL obHth B. cereus AFEHS 40 o3 Ao F

>

01:_- 5902

A AdFETe 54 AME 133 threshold model-& 2 -8-35tojof slH, 7|& B
H AFE fE ALZLFEE VIESR st Hd &FE dAste Aol ud

cereus®] =49 EAL t}L-9 Table 269} Zr}.

Table. 26 The toxins of Bacillus cereus and their characteristics

Toxins Illness Associated Genes Associated Size
. B -hblA B - 35 kDa
I_I{?];in olysin BL Diarrhoeal L; -hbIC L, - 36 kDa
( ) L, -hbiD L, - 45 kDa
Enterotoxin T Diarrheal bceT 41 kDa
. A - nheA
Non haemolytlc Diarrheal B - nheB
enterotoxin (NHE)
C - nheC

Three component toxin

Enterotoxin FM Diarrheal entkM 39, 45 and 105 kDa

Emetic Toxin Emetic Unknown 1.2 kDa
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Aol 7AAE st vAEsTE AEHs VG rde 7

GAE 583 dF FA &= A7 tEEolu, dEAFoh dF AFEH
2 Z o] A= d9olt}. Logistic, Gompertz, Richards model 5& nAE AL

sigmoidal =42 YElHT} Baranyi R o2 do] 77t Rd 2 f%=7] ¢
Qg oldsl AX AFH AEHo T A2 MES =Y3 Zdo|t (Fig.

B Gompertz equation

L(t)=A+MPDExp{-Exp[-B(t-M)]}
L(t): the log count of bacteria at time ¢

A : the initial level of pathogen (S. aureus)

)

Log(cell

MPD : the asymptotic amount of growth at  increases

indefinitely
M : the time at which the S. aureus growth rate is maximum 12 A4 wd,
B : the growth rate at M A WA (specific
growth rate)7} <743}
B Baranyi model A =7 oA AR Ee
Ln(n)=In(r10)+ ttmaxAn(t)-Ln(1+{exp(imaxAn(t))-1)/ (exp(A)) 2azke A7k AN
Lmax : Maximum specific growth rate o = H¥ g}

A : maximum level of increase (In(n« /no))
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Fig. 19. Primary predictive models for growth of microbials.

B Square root: gamma model
=g+ Y(T) + Y(pH) » T(Aq)
Y( T) = [ ( T- Tmin)/ (T(th' Tmin)] 2
Y(pH)=[(pH-pHmin)(pHnax-pH) / (PH opt-pHmin))(p Hisax-p Hop) ]
Y(Aw)=(Aw-Awmin)/ (1-Acomin)

Sqgr (slope)

B Polynomial model

noooonn 27} Al
Log(w=at Zbixit ¥ Zbgxix; Square-root model. H]A
=1 =l j=1 3o i
48  (specific growth
Y=a+b:X+0,Xo+ ... an12+ +biXi2+ R €).C3 I rate)S’J xﬂ._l__ =3 o
+0,X,X; qae .

a, byy,.. : model parameters

Xy, . variables

Fig. 20. Secondary predictive models for growth of microbials.

2% AAAZERL 13 Zde) Wee] B BHAR (L5, pH, 523 @EM =
S YERATE (Fig. 20). (i) Square root type EH (ii) arrhenius type =d (iii)
Modified Arrhenius X+ Davey model (iv) polynomial XE+= response surface =
dyl Zo] =LA F2 FEYE 4 At Gamma 2E-L square root type ZREZ
H| 4] (specific growth rate)ol] tHet AT LI TFS ALstr] S5t F
A 22 ARE AgAT FAUAGE pH, FEEAE, L2 F42 FAH
Gamma EW& ol47h B4 ekol F27h Bealn s4el golad Az g
TE £Y35t7] &olsttt. Polynomial 2E o] w7 o] i3k HAg-S 2Ast=H
multiple linear regression2 A}8-3}u} dataol] tisl HAzgtwez wi7jd4E 23
7] WEo] W2t AZsHes ous) gl A9t e wel gt

—_
=

rl

2

FA d5 BdE A8T A dolA misiwe w7 B2 B (dE 5o 1Ak
polynomial model)2 o= WWAilste J9e] A 3 FIAA= dF kol 5473
HelE 7] e o] 27 Fhol HAAAHA A7t Aol frelstejor ok =3 FA
Herl R sEn "t A8 v 38T WE Fo| RETEe] Aolg A
A5t WEol o R ZAAE vlmwste o] s FAHAA E onrt gle

7 HA gon @
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b B. cereus =24 o= 2d

T2 Gompertz 293} Baranyi
% = Rnom 231 F24] dF 2d 2 polynomial RE-E HE&

St A% AT (Table 27).

2
0130
_O|L
£
2
[
_O|L
<2
|\

Table 27. Literature review on predictive models for Bacillus cereus growth

Growth media Environmental

Applied models References
(Food/broth) factor PP f
Courgette broth Arrhenius plot,  Effect of temperature on growth
and rich medium temperature Ratkowsky characteristics of Bacillus cereus
(J broth) model, TZ415 (2000)
Nutrient broth, Growth of Bacillus cereus in
natural and temperature, g oL el natural and acidified carrot
acidified carrot pH Y substrates over the temperature
substrates range 5 - 30C (2000)
BHI aw, pH Gompertz Modeling Bacillus cereus growth
(1997)
pH, NaCl, . Preparation and vahdgtlon of a
Baranyi model,  growth model for Bacillus cereus:
. temperature,
Nutrient broth response surface the effects of temperature, pll,
Carbon . .
dioxide model sodium chloride and carbon
dioxide (1996)
Modelling the influence of the
temperature,  Bigelow-like incubation temperature upon the
BHI broth . . .
time model estimated heat resistance of
heated Bacillus spores (2006)
Temperature effect on bacterial
Sym’Previus growth rate: quantitative
software.temperat microbiology approach including
BHI broth temperature ure-dependent cardinal values and variability
secondary model estimates to perform growth
simulations on/in food (2005)
temperature, . T
H Modeling the growth kinetics of
50 d,ium Gompertz model, Bacillus cereus as a functio of
BHI broth polynomial temperature, pH, dosium lactate
lactate, . .
sodium model and sodlu.m chloride
chloride concentrations (2005)
carrot broth,
. Influence of pIH and temperature
zucchini broth, pH, heat, . . .
Baranyi model  on growth of Bacillus cereus in
cooked carrot temperature

purée

vegetable substrates (2003)

_78_



)

il

&7t do

o
s

B
el
_—00

ojn

B

do

_Lmo

wK

A

A Aoz Wo)

T
T

3l

e 22 s 9

stochastic

198 7R o=

3]

_OA

g

ot

ﬁo

2

Al =33 Yk 2

=
=

35 7}

4 9

s

s

model& ©]&-

B
i

)

_
o

o 2

=
=

H HE2 Hop 95 9

AFES

T
T

of Wt mAEe] 54

sfof st R

7 E944e 1o

A

AR, Fa A, MEeE, AT §)el Wol

Folch.

o 2ds 7Hgs

3]

4 9]

45

s

Monte Carlo simulation& ©]-&-

o

T}, H o

p
R

LHE

K

1=

LHEE

-

Aoz AARH LvgA e A

B goit B AFeHE

o
=

4 AEL o

R

alo

712 AR E Ao 7 H o]

s

I Y Fo) A HE

~—
o

Ttk (Fig. 21).

a5

_79_



Raw materials

= Time = Prevalence

= Temperature = Contamination level
Milling

=Time = Prevalence '

= Temperature = Contamination level |

Packaging

Estimated contamination
level of MIO

Fig. 21. Model framework of microbial exposure assessment for red pepper

powder processing.
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Fig. 22. Data collection for microbial contamination during red pepper powder

processing for probabilistic risk modeling.
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100,0008 T2+ A Z 7 slo] Al B o)At )

N=Nye" 2 (5)
N= The total M/O numbers at time t.
Ny =the initial number of total M/O
k = growth rate.

k=In(Nr /N; Jt 2] (6)
N= The total M/O numbers at final stage
N; = The total M/O numbers at initial stage

t = time

2) "AE AR BAEAEEA

AE7HE T uAE ASAAE =F5H7] ke A £F AE T UAE A
g B3 23, a4 1T F v E TIE AAEY A Fent 2008
T N A" ZEIERd tiE AEFLdseaFTHd e st B, cereuss
HeA A Eel 98 F FA4olofok T AAsia e v AR AE F W
A4 TAE LE=EE A A E ol aureus, Samonella spp., L.

S
B. cereus 2 FEL 38.7%% ZALE AT oL
HACCP AE AZFo 2dE8% ¢ 36%=2 98 2D FA = B. cereus G st
o 2 Aojrlzo] fgE ool st A2HE AT A5 (BLF)lA g v
A3} B. acreus= A8 327 F oA %A (94%), HFTLS 3274

2

HeamdES HEHA FUT

A fe A= 3 AR APEA 2dS JNEstr] et F48 nAEe]
S EAMNS BA5HT B3 6% Adu|AE 5 L. monocytogenes 2 S. aureus
of thaliA = FASAHE B4% Ze thS3 2 (Fig. 23). 25¥ Aoz
ZAEHS wigoz 13} HYEde ARttt @8 1A 1429  Baranyi &
Roberts BEl& o]&3te] 25 4 nAEY] A ZAE st 5HEH |
MAF (A, fha, No, New)E QAT 124 A RE 7fdks 213 ti4 mAd =2 ot
o} o]l AIZHYH, Z27|FFE FAFAEE BAA3I L. monocytogenes, S. aureus S} 24| 2

AN A A EAE B3 B. cereus, E. coli X E. faecalis$t 72t} 259, oA E

B BEstd i hdse cxEele ARTBAS BAsA Theel 4 (7, 8)o we of
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#o] Table 286 UlERH ule} o] 2% wE 23

(Table 28).

SQRT(GR)=B:T+[3

SQRT(1/LT)=B,T+p,

GR : growth rate

LT : Lag time

B1, Bo : Regression coefficient

T: Incubation temperature

L. monocytogenes - 10C L. monocytogenes - 20C
10
= 9 —e— 10C-10° =
£ —o— 10C-10° =
S s 5
2 2
o o
S 7 =
3 3
E 6 €
H H
8 8
3° 3
2 4 o
8 8
5° 5
g g
e, e
1
[ 50 100 150 200 [ 20 40 60 80 100
Incubation time (hr) Incubation time (hr)
S. aureus - 10C S. aureus - 20C
10 10
-~ 9 —&— 10C-10° -~ 9 —&— 20C-10°
2 —o— 10c-10° 2 —o— 200-10°
2 ° 2°
o o
S 7 2 7
g g
z 6 z 6
H H
8 8
3° 3°
2 4 2 4
8 W 8
5 e 5°
g g
=2 =2
1 1
[ 100 200 300 400 [ 20 40 60 80 100 120
Incubation time (hr) Incubation time (hr)
Fig.23. The observed growth of Listeria monocytogenes
3 0O, 0O,
at constant temperature ranging from 10°C to 30°C.

L. monocytogenes - 30C

~ 9
=
£
S s
z
S
o 7
g
<
z 6
5
8
= 5
3
8
2 4
5
8
>
5 3
3
F o2
1
0 5 10 15 2 2 30
Incubation time (hr)
S. aureus - 30C
10
- —&— 30C-10°
B —o— 30C-10°
>
z
S
o
g
<
€
5

Total viable cell cot

S8 e a2 e o N @

0 5 10 15 20 2 30

Incubation time (hr)

and Staphylococcus aureus

Table 28. Regression coefficient for the relationship between the square root of

maximum growth rate and temperature, and lag time and temperature in each

bacterial growth

Growth rate Lag time
B Bo B Bo
B. cereus 0.0392 -0.3186 0.0427 -0.4951
L. monocytogene 0.0197 0.0293 0.0281 0.0249
S. aureus 0.0283 -0.2243 - -
E. faecalis 0.0227 0.0376 0.0283 0.1765
E. coli 0.0248 0.0656 0.0203 0.0074
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224 8 24 B9 0dRe AAE FPAARE WIFE 0dgol HUA
2 0822 7b4 =A e (Fig. 26).

a1

Contamination level Contamination level Contamination level
(raw materials) (crude milling & (drying, metal
milling) detection)

-~

w

log CFU/g
N

-

o

Processing steps
EMean m90% Perc =95% Perc
Fig. 25. The estimate contamination level of coliform in different sampling

steps from raw materials to packaging based on quantitative exposure model.

Prevalence of coliforms 0.815

Contamination level (crude milling &

milling) LA/

Contamination level (raw materials) 0.116

0 0.2 0.4 0.6 0.8 1
Fig. 26. Factors influence the contamination of S. aureus in samples from

processing steps.

Fig. 272 157k A 274 & F8 @A B cereus LEE FEUE VEIT
dEoA tFTTe B7 2d== 18 log CFU/g o, &4 3 24 @A
Az 2 £ AA SAdHE T L= 242 18 2 20 log CFU/g 2 A
5t Ao s FAEATE. 90% percentile LEES AT 98, XEH/EH wA 2
Azx/FE AA BdANM 22t 261, 24 2 26 log CTU/go 2 FAFHTH 84
/2 @AY e mAE FFAAES dRAFE A ¥det T FelA
T 98 (A21F)9 B. cereus =T ZEH/EH SAS o=l U= IF
o] & ALZ YEpH
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log CFU/g

Contamination level Contamination level Contamination level
(raw materials) (crude milling & (drying, metal
milling) detection)

Processing steps

®Mean ®m90% Perc ®=95% Perc
Fig. 27. The estimste contamination level of B. cereus in different sampling
steps from raw materials to packaging based on quantitative exposure

model.
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Table 29. Variables and distributions for risk model (Coliform)

Variables Definition Unit Distribution/Model
Pr Prevalence of coliform - Binomial(1,Pert(0,0.5,1))
Contamination level of positive
Cr log cfu/g Pert(0.3149, 0.39575, 0.4766)
samples
Pcm Prevalence of coliform - Binomial(1,Pert(0,0.75,1))
Contamination level of positive
Cem log cfu/g Pert(0,3.354587,5.039467)
samples
Estimated contamination level of
ECcm o log cfu/g Cr+EXP(Rcm*trm)
positive samples
Change rate (growth rate) of
Rem contamination level (raw In(Nf /Ni )/t
materials—>milling)
trm Time (raw materials — milling) hr Pert(0.1,0.15,0.2)
Pdm Prevalence of coliform - Binomial (1,Pert(0,0.75,1))
Contamination level of positive
Cdm log cfu/g Pert(0,2.651341,3.3527)
samples
Estimated contamination level of
ECdm o log cfu/g Cem+EXP(Rdm*tmu)
positive samples
R .Ckllange of c.ontamination Ievlel In(NE/Ni/t
(milling—> drying/metal detection)
tmu  Time (milling -—> uv sterilization) hr Pert(0.1,0.15,0.2)
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Table 30. Variables and distributions for risk model (B. cereus)

Variables Definition Unit Distribution/Model
Pr Prevalenceof B.cereus - Binomial(1,Pert(0,0.9,1))
Contamination level of positive
Cr log cfu/g Pert(0,1.900767,3.324906)
samples
Pcm Prevalenceof B.cereus - Binomial(1,Pert(0,0.6,1))
Contamination level of positive
Coem log cfu/g Pert(0,2.030784,2.492768)
samples
Estimated contamination level of
ECcm o log cfu/g Cr+EXP(Rcm*trm)
positive samples
Change rate (growth rate) of
Rem contamination level (raw In(Nf /Ni )/t
materials—>milling)
trm Time (raw materials — milling) hr Pert(0.1,0.25,0.5)
Pdm Prevalenceof B.cereus - Binomial(1,Pert(0,0.6,1))
Contamination level of positive
Cdm log cfu/g Pert(0,2.366662,3.0948)
samples
Estimated contamination level of
ECdm o log cfu/g Cem*EXP(Rdm#*tmu)
positive samples
Change of contamination level .
Rdm o ) ) In(Nf/Ni)/t
(milling-> drying/metal detection)
tmuy  Time (milling -—> uv sterilization) hr Pert(0.1,0.25,0.5)
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AFH vAE AFEAZAT] @F 2d H&7= AL

bl AE Aslidate] o dd 5

A574F T Bacillus cereus LARDE FH57] 95t dRAAMEYH HAF AF7HA
F8 FHAA B3 B. cereusE F S E rep-PCRo|l 7|6kt Ex st E 4=3)
st nE7LE Ax B F B. cereusst THE FQ 0AYS FHsUT guky
o2 rep-PCRZ EZ & Repetitive Extragenic Palindromic PCR-2 bacteria2]
extragenic sequenc F A& HIEH &= palindromjc sequence]| T3+ complement
sequenceE primerzZ 3t PCRE 33 & t}eFst =7]9] product patterne H]
WakE 7R, bacteriash o] HuA DNAS WHHo| B F9 Agoles F BT
olyg} straino] tE A-fox TIEE extragenic palindromic sequence?] $]32]7
2rz mndE] BF 5483 fdvA B4l A8 Jhestth. ot#f el Fig. 282
rep PCRe] ZA3z2 L3 dendrogram¥} similarity matrixo|t}.

-

FTHo Sy AZY AS2ZHEH 10708 23 B. cereus (F 2095 =
genotyping2 33+ A3} 2052 B. cereuse= —.‘%—/\}H o] 95%0o|Atel 47 E8AHE
TEE F AT (Fig. 28). 5L WEF @AY P54 £ (No. 17), =&
SAA 2 (No. 18), Ett2 AZ¥ 9 24 @AM 2T No. 19) TF
dEdol 94% = wl Ekon ol FUZ conedl A HIEHAS Tt HE B
AFth. dEA EF 7] FYAor MEFPT ABAdA B3 FFE°] (No.
14, 15) 98%9] 4&/4E& Bk Tzt Fd3 AEHNA F33 95 BT
(No. 1, 18)8} M HEA 8 F (No. 8)9 & d2 70% olst= AT} olet 22

2= A5 2FdH B. cereus7t 7haa A F wALAEAE THeAHE A
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PC FC 0 70 0 a0 95 100

a5 Key Sample ID 886 % Similarity
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5 K41_101021

§ kd2_101021 |[ |l K42_101021

=

7 K39_101021 | || || K39_101021

8 K27_101021 Il 1] i

9 K26_101021 | /]
4‘;|-E 10 K31_101021 1] ] [

11 K36_101021 TR

8 K27_101021
9 K26_101021

10 K31_101021

|
!
|
|
5 K41_101021 Il | | | |
I
I
I
I
i
I

11 K36_101021

12 K40_101021 ] 12 K40_101021

13 K23_101021 13 K23_101021

14 K3S_101021

14 K35_101021 |

15 K30_101021 | 15 K3o_101021

|
16 K32_101021 | 1] 16 K32_101021

17 K37_101021 17 K37_101021

18 K25_101021
K29_101021

18  K25_101021

19

I
I
19 K29_101021 |
I

L 20 k34101021 | 20  K34_101021

Fig. 28. PCR generated dendrogram, virtual gel image, and the similarity matrix of the 20 Bacillus cereus isolates typed with

Diversilab.
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. vl E Aol A" (physical stress)
Gl A nE7FRE AFY HAE o] 4EERH oAHAY 3 F wAL
oste LAES IFsidenz AFY HAE ASE Alostr] st
Fig. 299} o] 95, 374 2 AF dAANA &84, 3187, A=3H4
AL F AL ALE AZAEY. o F Ax7HE F HAE AE ¢

Pyel Ae bsae Adsti.

Application steps Risk management technology

* Raw materials » Physical stress * High hydrostatic pressure
+ Plasma
* etc

o
2

M rE de o2

2
o &
o to

oft

L
rok
i

2

* Processing steps
+ Antimicrobials + Acid-antimicrobials
« Milieu-antimicrobials
» Bacto-antimicrobials
* Final products * Phyto-antimicrobials

K * etc

Fig. 29. Combination of possible risk management technology and application

steps to control the microbial risk of red pepper powder.

A 231G Al 3 1x27EFE F A E Alolg AT ot e x
XO =

S} FAE ol&stol (Fig. 30) 300 - 600 MPad] &L 7hsle] Fo4el Wsts
243 A7 231 A d& AR edxrt WstetA &gt} (Fig. 31). 39
plasma ﬂﬂloﬂ o]st H=Z 139 n A E go& =20l Eﬂﬁ_]‘f__ °]—ﬂ]°ﬂ %&'% H]—Q-

9]
2ol A LEE AEES ALSES w WERTY TS LUEE 3408 log
CFU/geolgle™, Plasma 902 Ar gasE AME-3te] 1023 A2 & S35 F
F LY9%7} 38409 log CFU/go 2 plasma Ao st Ax 13 & odd
oY EL Aojlr] olHeS HAFA (Fig 32). plasma A A Fo FFF L

AE AL FAHSE FoAHolA ¥kt (p>0.05). AAHoR EdF 2EfLE
o] 8% Hx 1F AV 48) ' AxVHE 3F AHFT nAE A Tk
L g Aoz Algdy
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Fig. 30. High hydrostatic

pressure freatment system.

g
@
|

Total viable cell count (Log cfi/

Control 300 400 S00 GO0
Pressure (MEPa)

Fig. 31. Effect of high pressure on total

viable cell counts of red pepper powder.

Table 31. Condition for cold plasma treatment on dried red pepper

Plasma (COVANCE-MP)

conditions
Power 200 W
Gas Ar
Gas flow rate 100 sccm
Base pressure 0.7 torr
Treatment time 10 min

Total viable cell count (Log cfu'g)
w

pepper.

Control Plasma

Treatment

Fig. 32. Effect of cold plasma on total viable cell counts of dried red
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GRilli Powder

Fig. 33. Packaging of red pepper (powder) products.
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Fig. 34. Packaging of processed red pepper products.
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Fig. 35. Examples of tamper-evident/proof packaging.
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o o

TFAN A= S. aureus, B. cereus, E. coli,

Fact

=)

o] = S. aureus$} B. cereus= T

Salmonella spp, L. monocytogenesS &4

StHo™ E. coli, Salmonella spp., L. monocytogenes=

I=]
54

N

)
1))

i

coil, S. aureus, Salmonella spp, L. monocytogenes

ZH A

A

127 AF (38.7%)9 A

T
T

cereus

@ert B.

Al BAdA HEFHA

(Table 34).
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Table 33. Characteristics of analysed foodborne pathogens
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Table 34. Incidence of foodborne pathogens in the commercial red pepper

powder products

Foodborne pathogens (number of samples, positive/total, (%))

No. of Seliaginel AT Listeria
Samples  E£ il S, aureus Anmonend B, cereus  producing
Pp- molds monocytogenes
" 0/31 0/31 0/31 12/31 0/31 0/31
0%)  (0%) %) ©BB7%) (0% (0%)
AR T BMAT 275 QAEE 36 - 73 log CFU/gAew, 314 3 27)
AR LPEE 3 - 5log CFU/g 91, tF29 AR (22/31)9] FdF L9==

5 - 7 log CFU/g ©|it} (Table 35). 77} A|E&& 7 log CFU/g o|4e] @40 @

FEHA nEIFF AT ZoTE AlAREHL B2A4%E AR AR F F 170
15004 tFdze] AEHAo gde Al AR AEHA stk o3

o %A A8 64.7% = LEE7}F 3 log CFU/g ©lstdth. B. cereus LIAE= 2

A 24

=1

=%

>

5 3 log CFU/g ©|st4t. Enterobacteriacese= 1471 A|&EolA FHZ,
Bl ed5Ee 2R 3 log CFU/golstg 1, 3 - 5 log CFU/g2 2 gogg A

= AR AT A AR 79%E o9F FEe] 3 log CFU/g o]t
Enterobacteriaceae’s VITEKS.2 T3t A3} F3 Klebsielln spp., Enterobacter spp.,
Pantoea spp., Pseudomonas spp. 5 ©|Qth (Table 36).

- 100 -



Table 35. Levels of microbials in the commercial red pepper powder products

No. of positive/no. of total samples

Microorganism Range (log CFU/¢g)

<1 1-3 3-5 5-7 7 <
Total viable cell count 0/31 0/31 2/31 22/31 7/31
Enterobacteriaceae 17/31 11/31 3/31 0/31 0/31
Coliform 14/31  11/31 6/31 0/31 0/31
E. coil 31/31 0/31 0/31 0/31 0/31
Bacillus cereus 19/31 12/31 0/31 0/31 0/31
Yeast 21/31 4/31 6/31 0/31 0/31
Mold 18/31 13/31 0/31 0/31 0/31

Aflatoxin producing Molds 31/31 0/31 0/31 0/31 0/31

Table 36. Identification of detected Enterobacteriaceae from packaged red pepper

powder products

Isolated species No. of samples (Detection %)
Enterobacter spp. 2/31 (6.5)
Klebsiella spp. 4/31 (12.9)
Leclercia spp. 1/31 (3.2)
Pantoea spp 5/31 (16.1)
Pseudomonas spp. 1/31 (3.2)

HACCP A4 oXo] wal vms] B, HACCP H& 1ZE7F=9] B. cereus L9 &
£ 357%%, vl HACCP 1571% AEFQ 412%Ett tha 2dth 9= § £
F 2% 3 log CFU/g ©|st4th (Table 37, 38). HACCP 2 1] HACCP A
Z % BEE 27571 5 log CFU/g o|Ao|glt} (Table 38). @A n7lE =
o AE 71Ee dFEe] A gort 200835 ME mAE mEIFF tE AE
st FHAE 7|IEAN St B. cereuss WA ARl YR F Sl

AAstL k. olo] W2 A8 2 FAH = B. cereus G o

T

7b dasitt
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Table 37. Incidence of foodborne pathogens in the HACCP applied red pepper

powder products

Foodborne pathogens (number of samples, positive/total, (%))

No. of

samples LYy Listeria
AMPICS F ol S, aureus Sal;g}gr};ellu B. cereus  producing monocsytogmws
molds
HACCP 0/14 0/14  0/14 5/14 0/14 0/14
products (0%) (0%) (0%) (35.7%) (0%) (0%)
0/17 0/17 0/17 7/17 0/17 0/17
X 17V / / / / /
products (0%) (0%) (0%) (41.2%) (0%) (0%)
Table 38. Total viable cell counts and Bacillus cereus in the analyzed samples
No. of Total viable cell counts B. cereus
san{p]gg below 5 log above 5 log  below 3 log  above 3 log
CFU/g CFU/g CFU/g CFU/¢g
HACCP 0 0 0 0
products 14 1/14 (7.1%) 13/14 (929%) 14/14 (100%) 0/14 (0%)
Non
HACCP 17 1/17 (5.9%) 16/17 (941%) 17/17 (100%) 0/17 (0%)
products
Total 31 2/31 (6.5%) 29/31 (93.5%) 31/31 (100%) 0/31 (0%)

i

S. aureus, Salmonella spp., L. monocytogenes— =
473} B. cereus?t HEF AT (Table 40). |5 A&w vAHE 1FT X335}
T glen nEeEe AR AN n4EL AAT Bast YL RelzEn
EAE AR £A AA oAF g AlH ofFe mat Tl 2folzh dAew o
AR BA7F AARA e 59 FaF LAE7E Bkt (23 #7 AAl). 4E
A E23t Enterobacteriaccaes= T3 AT Al¥ T IFVLFE AR S-ALsk

fru
oft r

Klebsiella spp., Serratia spp., Enterobacter spp., Leclercia spp., Pseudomonas spp.
A= St} (Table 41).
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Table 39. List of fresh red pepper for red pepper powder processing
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Table 40. Incidence of foodborne pathogens in the fresh raw red pepper

Foodborne pathogens (number of samples, positive/total, (%))

No.
AT camples Salmonell v Listri
E. coil 5. aureus " 1;1}())1}1)3 “ parahaemoliticus B- cereus monolc?/forguelnes
A 5 2/5 NA NA NA 0/5 NA
B-1 6 0/6 NA NA NA 1/6 NA
B2 6 0/6  0/6 0/6 0/6 0/6 0/6
C 5 0/5  0/5 0/5 0/5 0/5 0/5
D 5 0/5  0/5 0/5 0/5 2/5 0/5
E 5 0/5  0/5 0/5 0/5 0/5 0/5
Total Ry 2/32 0/21 0/21 0/21 3/32 0/21
§ (6.3%) (0%) (0%) (0%) (94%) (0%)

Table 41. Identification of Enterobacteriaceae isolated from fresh red pepper

Isolated species

No. of samples (positive/total, %)

Enterobacter spp.

Klebsiella spp.

Leclercia spp.

Pantoea spp.

Pseudomonas spp.

Serratia spp.

3/37 (8.1)
10/37 (27.0)
1/37 (2.7)
18/37

7
4)
1

5
8.1)

(
(
(48.6)
(
(
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Table 42. Detection rate of foodborne pathogens after drying of fresh red pepper

Foodborne pathogens (No. of samples, positive/total)

Conditions o 10f Salmonella Listeria
samples  F coil S, aureus - O aES B. cereus
Before drying 3 0/3 0/3 0/3 0/3 0/3
After drying 3 0/3 0/3 0/3 0/3 2/3

AaFes AxAA-E Sl FEFFFol oF 80%lA 20% FF= HAosERE HE
& 77 FEEHY FFol AL TheAel A UMM HLAxd By ES
5 B4l ulz =&FE I B. cereus7t LAFHAE AR WIAE =

~

glot BAE A8 S Fof B AnE dutgslrie oy} (Table 43).

Table 43. Levels of foodborne pathogens after drying of fresh red pepper

Incidence (min-max (log CFU/g))

. No. of
Sl samples Aflatoxin
TVC coliform B. cereus producing molds
Before drying 3 3/3 (65-87) 3/3 (0.1-4.0) 0/3 0/3
After drying 3 3/3 (3.5-5.0) 1/3 (1.2) 2/3 (1.3-14) 0/3
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(A=A o

=
At

2] gkttt Coliforme 107] A& F 270 A

=
=

swab A|Zo]A Z

= ATt (Table 44).

ol A&

=]
T

3

ZEUE

9]

7N

é-_]__

&0

2

—_

g o] Ed A ¢

ey
=

A9lHoz 2

=
T

l9t} (Fig. 36).

A3

)

ol

Mo
K

R

Mo

b))

A3} E. coli, Salmonella, L. monocytogenes, ©}

A1
Al

5% @9t} (Table 45).

oAA HE

=
At
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Table 44. Contaminated microbials on the surface of processing facilities

Als AFA . . Salmonella L. mono- “jt tox?n
b o E. coli Coliform B. cereus S. aureus producing
24 spp.  cyfogenes olle

EEREL

o4 WE 0/2 1/2 0/3 0/3 1/3 0/2 0/2

Aﬂ;iﬂ 0/2 0/2 0/3 0/3 0/3 0/2 0/2
5
=371

tij_ 0/2 1/2 0/3 0/3 0/3 0/3 0/2
=347

B - - 0/1 0/1 0/1 0/1 0/1

A=A
o 0/2 0/2 0/2 0/2 0/2 0/2 0/2

oa

v —'jg d 0/2 0/2 0/3 0/3 0/3 0/3 0/2
3T R}

f_"uj] ; ; 0/1 0/1 0/1 0/1 0/2

Fig. 36. Microflora in air
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Table 45. Incidence of foodborne pathogens in the red pepper powder from the

different processing steps

ALE;_};]]]%] E oli Coliform Sabsrgqp(?lla Ic'yhgnj& B cereus S. aureus pfgdg%;g E:ZZZ
Q= 0/4 24 0/4  O/4  4/4  0/4  0/4  2/4
%%;E 0/8 47 0/7  0/7 2/6 0/7  0/5  3/6
iiﬁ%‘i 0/5 3/5 0/5 0/5 1/3 0/5  0/3  4/5
24 w4 0/3 23 0/3  0/3 1/2  0/3 02 23
Az 0/2 22 o0/2  0/2  1/2  0/2 02 22
fﬁ 01172 0/3 3/3 0/3 0/3 12 1/3  0/3  3/3
Ik
Qud™  0/3  3/3  0/3  0/3 12 1/3  0/3  3/3
3% AR % $75 HiE 4 JEoz AL W Y WA oF 2713
= A%e R (Fg 37). Coliformsl A3 24 $40] Aol met A7 3

5
LAYt F71st9t (Fig. 38). Enterobacteriaceae 9A] 17T A2 A ZEH/
Ao A LARETE FUHSIAAL ol F FAA Hihsh YETA FELE
ASHA = Ut (Fig. 39). Al 29T 9] 4% Enterobactariaceaed] 95 F
d=7F 2 - 59 AEHRT 99 - 12¢¥€ AlEolA =33 coliforme] F-¢% FAFS
< Bt} (Fig. 38, 39).
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Fig. 37. Relative count of total viable cell counts in red pepper powder samples
collected from processing steps. A and K represent raw material and final

products, respectively.
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Fig. 38. Relative count of coliform in red pepper powder samples collected from

processing steps. A and K represent raw material and final products,

respectively.
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Fig. 39. Relative count of Enterobacteriaceae in red pepper powder samples
collected from processing steps. A and K represent raw material and final

products, respectively.
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A8 AsuAE F B. cereus®] 1E7MFE AZ FHE LAEE BT 33
g AE AR 60, W ¢ AR 35, F7] AR 172 TFF 112 A|5S B4 2
I B. cereus®] HEFELS 98 BAE THEI 2] sHEY AF TR AFEF
ot 8 2 A8 1247 74E 38 B AE F B cerews S
o 27 29%9 11.8% 2 EAE QT (Table 46). B. cereus®] 98 & LAFELS 1)
A= 3 log CFU/g olstdem 12715 AzFHol AAWL5-E Fasts Aol
o} (Fig. 40).
300
N Feb
250 | 3 April
N Sep
e _| EEE Dec
S 27 - vay
8
E 150
3
Qﬁ 100
50 l H
A B C D E F G H I J K

Processing steps

Fig. 40. Level of B. cereus in red pepper powder samples collected from
processing steps. A and F represent raw material and final products,

respectively.
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Table 46. Detection of Bacillus cereus in the samples obtained from the red pepper powder processing company

Sampling code (No. of samples, positive/total (%))

Samples Description
I I Il v v Total
Semi-products Raw materials (35/"5) 2/2 (100.0) 2/2 (1000) 2/2 (100.0) 2/3 (66.7) 11/13 (84.6)
Washing 4/4 (1000) 4/4 (100.0)  0/2 (0)  2/2 (100.0) 2/2 (100.0) 12/14 (85.7)
mmﬁg“;ﬂfjxing 2/2 (1000) 2/2 (1000)  0/1 ()  1/1 (100.0) 1/2 (50.0) (35/‘%)
Milling 1/1 (1000)  0/1 (0)  1/1 (100.0)  0/1 (0) 0/1 (0) (fé‘g)
Prying/Metal - 3/5 100.0) 174 (250) 1/2 (50.0)  1/2 (50.0)  0/4 (0)  6/15 (400)
Final products  Red pepper powders 1/1 (100.0) 0/1 (0) 1/1 (100.0) 0/1 (0) 0/1 (0) (4%_?))
Sub total 14/15 (933) 9/14 (643) 5/9 (55.6)  6/9 (66.7) 5/13 (385) 39/60 (65.0)
Swaps Equipment surfaces  1/5 (20.0)  0/6 (0) 0/8 (0) 0/8 (0) 0/8 0)  1/35 (2.9)
Environments Air (ﬁ)ﬁ’rﬁ%mg na’ na. 0/12 (0)  2/5 (40.0) na. 2/17 (118)
Sub total 1/5 (200)  0/6 0)  0/20 (0) 2/13 (154)  0/8 0)  3/52 (5.8)
Totals 15/20 (75.0) 9/20 45.0) 5/29 (17.2) 8/22 (364) 5/21 (23.8) 42/112 (37.5)

% Not available
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=
e 27 2 FF FH EY dig ndE 2442
B B AR B FH4E 64 - 79 2 80 log CFU/g ==tk 3 4]
9] Enterobacteriaceae 552 2.0 - 6.8 log CFU/go 2 AqFH A|7|o] wa} gspo
M, B9 AlFd= 71 log CFU/go] EA3t= Aoz EAET Coliform™} B.
cereus= BEUAIZHY BAA A & F=F02 ZA 5T (Table 47)

ki

Table 47. Microbial levels in collected dust and soil around the processing

factory
(log CFU/g)
Total viable Enterobacteriaceae Coliform B. cereus PDA
cell count

7.9 6.8 7.9 45 49
6.3 5.3 7.4 2.8 45

Dust
6.4 2.0 49 5.0 4.4
7.0 5.6 6.5 27 4.0
Soil 8.0 7.1 5.6 27 45

g B B vE 13715 nAdE 24

E uAE £ AF A8 AESE AASH] st B 2 BE
ABE g2 F74, coliform, Enterobacteriaceae, S. aureus, B. cereus, yeast<9}
mold= A B35t E. coli, Salmonella spp., L. monocytogenes= 34 435}
E A3 BE FEAA SA40IRL FOFT TEL 6.2 log
2 9bE AR7E ol EE WAolY] wiiEd mAE st
2 ZAF (Table 48).

Table 48. Profiles of microbiological hazards in returned red pepper powder

Satmovella L. mono- Enterd-  Yeast

A|E E i Coliform B coras S A flavos . .

] spp.  cyfcgenes s ctericiae  nold
flay o3 o 23 o o o o o o o

Az =73 =73 =73 =73 =73 =73 =73 =73 =4
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5. LAAE vAE 2 FAAAANAE A

|
oX
2
-

N
—_
rO
)
o
AL
N

il x 1 R ARSAE =4

AR7bE F AT AR nAEER coliformE HGSIATE AEE, 38E w4
E LEEE B4% 29 12THF Az A —Jz—%iﬂ/g%l} 5780l A coliform L H=
7b SR olF FHONA HAhsh AETA FELE FASIAE &Eth
o} #&H3t] E. coli®} Enterococcus faecalzsA T AAEAHS BEASYTH

E. colie] 25¥ AR5 &4 2= o3 2o 134 EdE E ol 255
Aoz 7] #4542 35 - 45 log CFU/mlo] HEE 2AHs T A71td 224 35
£ HFHeR Agstd AFEALS 28T 2598 (20, 30, 40C), £ T
FE A4 54 EHE F © 2XHE Baranyi & Roberts

Fetdal, 4" AsFA

242 o]&3te] growth kineticsE 73ttt =& F growth kineticsE 209 7H
£ maxim growth rate (0.25 - 0.28 log CFU/g/hr), lag phase (6.51 - 6.92 hr), 3
0Ce A% 72z 077 - 0.89 log CFU/g/hrs} lag phase 229 - 2.81 hr, 40TC9] 7H
L. 7—}7—} 0.81 - 1.04 log CFU/g/hrs} lag phase 1.41 - 1.61 hro] it}

E. frecalis®] %157t 8 AF BYF 579 RETFF 1575 thder 27 o
TE 3 - 4 log CFU/ml°] HES 243 F AIME F4 A=E FAFHoe=
Arsted 4FEHE 248Ut 259 (10, 20, 30C), 2 aFE A% SAHL £
A5}3 Baranyi & Roberts Zd 2 growth kineticsE T35ttt 4% growth

kinetics= 10C 9] 7-% maxim growth rate (0.03 - 0.07 log CFU/g/hr), lag phase

(149 - 364 hr), 20C¢ A<¢ Ztz} 020 - 0.63 log CFU/g/hrét 0.37 - 5.32 hr, 3

0Ce A% z+zt 040 - 0.58 log CFU/g/hrs}t 0.14 - 1.73 hr2 EA¥ FFd wa}

WolA (variability)7} 7 AFEAS EF3 AZFA AT ol mHT LU}

2tk Maximum growth rate} Z7| #4919 A#A, 281 lag timed} 7] o

sobe] ATAFL 30T A r'=012¢F -0.21, 20C 9] A-SdE Z+ZF r’=0.107} -0.07
sEoket.
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H ASIAozHE Baranyi & Roberts 2o ulg} data fitting d}e] growth
kinetics® T34ttt O ZAx BA"E 337}FA B® B, cereus TFY
maxim growth rate= 0.6 - 0.9 log CFU/g/hr, lag phase= 0.9 - 22 hr2 4%
Fo| wa}l 2oz} ed 7] FEoe AL zhz} P=0533 0228 U9
o vl =7 okl met Ho dAEL FUlsidoy, 27 dgel wE A
ol AU tH Y AR wAEY F-eok FASHI BEE Rt SAHEA
o] ztol7t ZEE AF bH AT Al olol tig WolAds ¥EE Qv drh

M12345M6 78 910M

PCR analysis of toxin genes of B. cereus reference
strains in optimum conditions. Lane M: 100 bp
DNA ladder, 1: hblA, 2: hbiC, 3: hblD, 4: nheA, 5
nheB, 6: nheC, 7: bceT, 8: entFM, 9: cytK, 10: ces

Enterotoxin genes Emetic toxin
Strain No. genes

hblA | hbIC | hbID | nheA | nheB | nheC | beeT |entFM | cytK ces
A + + + + + + + + - _
B + + + + + + + + - +
C + + + + + + + + - +
D + + + + + + + + - _
E + + + + + + + + - _
F + + + + + + + + } -

Fig. 41. Toxin gene profiles of selected B. cereus.
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6. AFAE vAE Ao A|2=F A

7]-‘ B}t ;q @-/\/ﬂ

kA coliforme|t} Enterobacteriaceace] A3 I71E AlXx 34 & 97t =7}
s Ase AWRATH B erwse] A% Ax BH F SHEE A WHIA o

2
}E]-. YEFH AxI3H F AAS A B. cereus?] genotyping Z
o AmaRe g BHE AZ 33 5 Aedel Wold Arim 39
ST ool A AelA Aol EE Az BH F wHLEL BASI] sk
45 Hox/dzx 1F) E= FHA AHE Tt AR AAEHE oA
antimicrobials®] A|¢] 7}5A4E AAsFYTE. Antimicrobialse= milieu-, acid-, bacto-
2 phyto-antimicrobials 2 o] A g3t

i

AE7HE AF Ee gHAA EHE B cereus 2FF A 574 el mA

g Aol Bg H5H AFLZA 559 Ao AAT B4 s}aau} AR 357
Aoz = AFE Ad4AEA (100%), sodium hypochloride (2%), benzalkonium
chloride (0.005%), ethanol (50%), hydrogen peroxide (0.1%) % positive control 2

i

chloramphenicol & /‘}9“0}910 o AudEE Fot AMRS FEE A
Antimicrobials¢] #A|o}%5< disc diffusion| o2 EAslgon Aus ol <t %E}
(Fig. 42). AdA5A] FollAe F49& AdL549 sodium hydrochloride] 7
AHE-3H FEAA AE 2T tHEEY 4Tl A= s Bk

% of B. cereus isolates
F) 1]
o (=]

~
o

linl

CP(100%)  EtOH (50%) H202(Dl/] BZK(OODS/] Naoc|[2/]
Antimicrobials (%)

o

H- B+ B+ B

Fig. 42. Resistance profile of B. cereus isolated from red pepper powder and
processing steps for red pepper powder production against milieu-antimicrobials.
- : Resistance (No zone), + : Intermediate (<10mm), ++ : Sensitivety (10-12mm),

+++ : High sensitivety (>12mm).
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Acetic acid, citric acid, fumaric acid, malic acid, tartaric acid, lactic acid, pyruvic
acide} 2 f714ke] f18] mlA B e A& AASE EA5AT B cereus, L.
monocytogenes, E. coli, S. aureus, V. parahaemolyticus 2 E. faecalis®] ZTZTFE T
O R fUIe F4 AAlTE APE A= theT Zot (Table 49). 1 23} 7}
L A& ~HEHL Hl {7|4FQ1 acetic, malic acid, tartaric acidE 417335}

g FE g2 Agstit

O

o

2 o}
1>

iy
M

Acetic acid

Citric acid

Fumaric acid
Malic acid

Tartaric acid

Lactic acid

Pyruvic acid

-, 8mm; +, 8~<10mm; ++, 10~<12mm; +++, >12mm.

Acetic acid (0.25, 0.5%), malic acid (0.25, 0.5, 2%), tartaric acid (0.25, 0.5, 2%) %
chloramphenicol (positive control)e] F24] AA| 5 EA3s A3}, Acetic acid 0.5%,
malic acid 0.25%, 0.5%, tartaric acid 0.25%, 05% S YL "o = EE
2ZF BYFo st A A a3= ZA ZAUTh (intermediate 5 ©]3}). Malic
acid$} tartaric acid 2%S @ 29 30 - 40%9 sfFste 57 o] oA 5
= o2 ZAMEATE (Fig. 43).
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% of B. cereus isolates
B (1]
o o

(8]
o

I

AA(0.25%) AA(0.5%) MA(0.25%) MA(0.5%) MA (2%) TA(0.25%) TA(0.5%)  TA({2%)
Organic acids (%)

o

H- B+ W4t mHH

Fig. 43. Resistance profile of B. cereus isolated from red pepper powder and
processing steps for red pepper powder production against acid-ntimicrobials. - :
Resistance (No zone), + : Intermediate (<10mm), ++ : Sensitivety (10-12mm), +++

: High sensitivety (>12mm).

olo} Zo] 1F Bl uZTFFA EE 709952 B. cereusoll 3 547 FHT 57
F 659 55 Aok, B3 antimicrobialsell T3l e
77 AE4 fH B4 vhed 2ok AR AEREH udd 38 o dHs)

For}, 54 AR profileo] A2l FARGE Ao g BARQIT) (Table 50).

Table 50. Toxin gene profile of B. cereus isolated from red pepper or red pepper

powder
Toxin gene KFRI-03 KFRI-12 KFRI-14 KFRI-41 KFRI-54 KFRI-71

hbl A + + + + X X
hbl C + + + + + +
hbl D + + + + + +
nhe A + + + + + +
nhe B + + + + + +
nhe C + + + + + +
bce T + + + + + +
ent FM + + + + + +
cyt K X X X X X X

cer X X X X X X

A-E 659 B. cereusell thall f714Rs HIESE thFgE A (sodium hypochloride,
hydrogen peroxide, acetic acid, malic acid, tartaric acid, ascorbic acid)el] th3t #42) A

- 117 -



% (minimum inhibition concentration, MIQ)E t]j2= rbo g H7lsler} (Fig 44,
Table 51). TRolA] B nhsk Tol AW YAl thEBo] AERe|Fe] ta MICzo]
FEFFET o, A A dE Aol U= Aoz WiHh =5 =4
T+ sodium hypochloride 2]o%= hydrogen peroxide, acetic acid, tartaric acid 52

A A 7 =2 AYAEES RAFHY. ol9} Fo] 1xTFE e FHAA B3
B. cereus= AWt o g7 FFEFFol v AHAo| =kom o] F 371x] F7]Aikd
A BE =2 AgS veld AF By FE AEsle] B. cereus 54 A vl A=

acid-antimicrobials 2] <3 3FL

l
(A

Tkt

mH202
mcl-
25
m Acetic acid
mMalic acid
m Tartaric acid

1 Ascorbic acid

JlJlJlJLJth

ATCC 21772  KFRI-12-BC KFRI-3-BC KFRI-54-BC KFRI-71-BC ~ KFRI-14-BC KFRI-41-BC

Conc.{mg/disk)

=}
w

=

Fig. 44. Minimum inhibition concentration of B. cereus isolated from red pepper
powder and processing steps for red pepper powder production against different

bactericial agents.

Table 51. Minimum inhibition concentration of B. cereus isolated from red pepper
powder and processing steps for red pepper powder production against different

bactericial agents

Agent (mg/disk)

Isolates
H>O» ClO-  Acetic acid Malic acid Tartaric acid Ascorbic acid
ATCC 21772 0.028 0.6 0.26 0.25 0.25 0.625
KFRI-03-BC 0.046 0.9 0.33 0.625 0.5 25
KFRI-12-BC 0.035 0.75 0.39 0.375 0.5 1.25
KFRI-14-BC 0.069 0.75 0.26 0.375 0.5 1.25
KFRI-54-BC 0.069 0.75 0.26 0.375 0.25 1.25
KFRI-41-BC 0.093 1.51 0.46 0.625 1.0 25
KFRI-71-BC 0.046 0.75 0.39 0.625 0.25 25
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QFf| A] acetic acid, malic acid, tartaric acidoll &EZF e 2 AHTgAHL Vel AZE
2F (=715 28 B. cereus)®} B. cereus BT T (ATCC 145795 o=z
Age mAE {71k dEFgS v, 248 BETTY B9 27 g e
75 - 769 log CFU/ml &0l 0.01%E ALstas f74 g & F23)
Haste BAFE Btk 05%E M AS o 44 & HE A ol E UERe
™ 0.01%, 0.06%E At 16417+ F 2 log CFU/ml o|st2 A3t 4 &
TJ—-‘E acetic acid, tartaric acid, malic acid A2 ElETh stH AZRgFo %
7] #FE 789 - 792 log CFU/ml Fo|em {714k A 9os) ASKo] oA
5]?}1‘:} FoF Hugs o LE7HF 2859 A¢ 05%E ASstas Ayt
Hog FFFF Rt Aol L 2oz UEoH 005% 5T 53 My
o] ol ATx FUI4t A Al AFEYFY AEE0] EFETTFEY =55 B

StH E. coli AF 28T 97, S. aureus A F 22| F 5TE ©]&slH {74t
Z2 AASLS BA3 A, 2% Acetic acidE AL o] AZFA BalH E. coli
9] 40%Tro] Aol A AL, S. aureuss A3 FF 80%7F A o] FFut

t} o2 EAL BHAFr). Malic acide] A= 10% XA E. coli= oF 45%7}

AE wkAE S, aureus= 20% Tro] Xiéﬁﬂﬁii, tartaric acid= 10% FXol|A] E.
55%7F S. aureus= |9 oF 80%7F A3 HA FFuitt f7]4ke] sk

Fedol S HoFEn (Fig 46). o9t @2 ZA¥e o549, AAAE 744
2 EAd mE EolFd Ao Jes ALY FaUt IS HAFET

Bacto-antimicrobials-> &7 AM|do] tAMEZ AASHE bacteriocin®e 2 Tl
= gulAn e43Ee EIA g —TLHQM 1™ nisin, pediocin, reuterin,
sakacin 5°] €2 d#HA Uk B dFdAs F& fd uAdE F4& A5}
71 1%k Aoy dgez fFakwe wjddE ol§ste] E. ooli, B. cereus,
Salmonella spp., S. aureus®] EFTFE WIFL2 F4 AAlsE vusAdth ¥4

[
L AR BETF 35T A FlA

x=F (P)22+& chloramphenicolS ©]-&3}H T

288 §abF 1Z9] B disc diffusion HO 2 =4 AASS AP A7 1

A RS Ml sl AR ZE AANYE el ABE BT
o] by =
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Type culture - Acetic acid Food isolate - Acetic acid
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Fig. 45. Effect of organic acids on survival of B. cereus ATCC 14579 and food

isolate. Concentraions of organic acids (@; Control, O; 0.01%, V¥, 0.05%, 2;

0.1%, W; 02%, [J; 0.25%, 4; 0.5%).
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Fig. 46. Inhibitory effect of organic acids on the growth of E. coli and S. aureus.

E. coli B. cereus Salmonella S. aureus

Fig. 47. Inhibition of microbial growth by fermentation products of lactic acid
bacteria.
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0.5%, methanol F&E S AZstY AEH 7]1FSZ Img/mlo]

S5 At AZPE B. cereus TS B wgste] Agsidth Aozl Al
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=
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3}l growth kineticsE A3t 2 27 10CoANAHE EFTF 145795 A9t e

% ggeha) e o gasleh

Table 52. Growth Kinetics of B. cereus at 10°C and 30T

Maximum

Temp Initial value Final value 2
- Isolates growth rate
() (log CFU/mD) (iog" CFU/mi/hy) (og CFU/mb)
3.5 040 8.3 0.962
isolate A
Food isolate 51 036 79 0.997
. 29 0.58 7.2 0.998
o Food isolate B 44 046 70 0.986
o177 3.3 0.63 7.7 0.996
5.0 0.35 7.5 0.989
3.4 0.68 8.0 0.99
14579 49 0.58 7.9 0.997
36 0.012 - 0.827
isolate A
Food isolate 56 20,010 } 0.643
29 -0.002 - -
isolate B
. Food isolate 48 -0.033 - 0.925
21772 > ot _ oo
55 -0.006 - 0.078
34 0.012 - 0.593
14579 52 0.013 - 0.742
(1) 27] #4= 2alsle] HZ38 B. cereuse] 10T A3

olell B. cereus®] 2% 7T/3E &st] flsted, TSBel Al 2W o] Athuj sl F&
3] Z&A3}38E B. cereusE Nutrient brotholl z7] 42 dalste] HF3a, 10T
A 139S wgstHA 5 ¥stE BT (Fig. 48). vioF 4 (96417 F 1
log CFU/ml A% Z4std, 79 (168417 Fol 2 log CFU/ml AT 74814
on, o]FdEe A Wzl gk olek o] B. cereuss THE Toll HE L%
U7 s gelstsen, 10T 79 ol vk $ 2 log CFU/ml +F 7 4F
ATNE AU

Jﬁ"

l‘

fr

- 122 -



B.cereus-10C
—— 10C-10°

—0— 10C-10°

Total viable cell count (log CFU/ml)

L L L
0 100 200 300

Incubation time (hr)

Fig. 48. Change of B. cereus isolate from red pepper for 15 days at 10C.

TydAe &5 g sH7] flste, 134 228 5= B.
cereus 2 3 R[FAF 5 329 TFE o|&sly, 2% M3l wWE B. cereus?

HAAERE FH}AT

B. cereus strain 3%F-2 TSBollA FE3HA 434171 F, 10TCoA 54 7t vjekst
23, 3709 strain 5 270¢] strain® 2 log CFU/ml A= 7AsI9e™, 17He] o
F= 1 log CFU/ml A= Zaste AL FASIHTE AL A AAH FF5 ThA
30CoNA] wlgstH RE #FFo 757t FFHSHA ZUhstnh 30TCA ok 8 log
CFU/ml B=2 F713t ©]&

CFU/ml AE7} 7Aaste AL 1519} (Fig. 49).

o
I
=N
N
il
o
>
—
o
(@)
o
X
@)}
4
=
(o]
e
olr
ol
)
o
>
w
<}
0)¢]

10C-5days 30C-1day 10C-7days

Total viable cell count (log CFU/mI)

“ f
1 ;

0 50 100 150 200 250 300

Incubation time (hr)

Fig. 49. Growth of B. cereus isolated from red pepper powder at fluctuated

temperature.
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ol9} Fo], AFEIIFoA EHH B. cereusts 2%, 53] AL uHAd AL FAT
g AUt AL A AdAE TE tA HF ex2 LZFHE o, wEA AAS

U} oAl Ao A vjokslE T4t dasts Aats

B. cereus®] A7+3} 754 A|AFSC},

(3) B. creus® JEH 1ENTY AL g A
HHZ]  AFRZHRH Xii ﬂﬂl Al B. cereus®] ioﬂ—?%ol ZAasEH 71, AA 1

Al Fw5et B cereus WSS EAST A AR 7|3
= & ¥t gladth 53] 30TlAE A9 Wyt giglen, 5T FdA= A
49 o|%F mlu|stA| gk, of7te] Fadte AFL HAFYT (Fig. 50).

=

X e

i}% B. cereusE 5.5 log CFU/ o] HEE HZsa 5°c9‘r 30Cel 9L+ AgslA
g g

S -

XJ—

A% (5 log CFU/g )2 U3, B. cereus] B
A 7|17F = Al w)x] Aol A B. cereuse] A=A W= 3t

e
A Bath 2ot FAACE FAYL W AF 42 FolE AY e 5

3, HE B. cereus?] /37gol AFE AR FAHHIY. webd, LETHF FIIR
LAHE B. cereus= LEZ7HFE &7 WellA Aol A ofgeH, 53 AF =71
S Bole B cereus?] 7ol LojupA] @ AlESkE AL® AAEHAT
6.0 6.0
A B

h
oo
1
h
oo
1

h
(=4
1
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(=4
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L
.
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Fig. 50. Change of total viable cell count in red pepper powder inoculated with B.

cereus.
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U ZE71F AAl 29" nAgEL Aoy x
E QEEE Adsrsie 92 13 nAE LIEE U= Aol Ha s
o deE Y

L4

TH ZEHJd 5o Aux of 20g7 15 FA ]4 9“H°ﬂ 3l g5t

4 T g T AFdoz AAFH L

2742 BAMsY). Shaking (90rpm) 9} sonicatorZ o]&3l] AHI T, A 7+E
ol S |23t} Table 53004 B&= npe} o] Al

Z WH 2ol glo] %v‘f—:{ shakmg e 2% FEE AlHo] Thedol dlAtE

o, AlF A= 10819 &2 5F0|H FE3 oz EAFHM

Table 53. Change of total viable cell count in cleansing water

Total viable cell count (log CFU/ml)

Time (min)

Shaking (90 rpm) Sonication
0 4.5+0.01 4.6+0.12
1 5.3+0.44 5.3+0.26
5 5.5+0.40 5.5+0.35
10 5.6+0.42 5.5+0.20
20 5.7+0.41 5.5+0.02

nE7kRel NYES TEHOE AunHI] A, Ax A AT Ao Bas
®, qFo] 1089 HH5EE @3 587 shaking@o =M EFAQ MHo| TFsT
2 s 47 ZARE A Aol Bel® Fol duFel ALEHE A2
al

HEHo] YL acetic acide} ascorbic acid

=,
™
lo
ol
o
filo
Hir
o,
>
R
o
)
=N
l >

AlFolA FLFE FYste, 73 Fo o2 Mg & 2ad ““Oﬂ A a5
10g XS 93, @48 B. cereus ATCC 217725 HE 35l 283

acetic acid®} ascorbic acid 48 20 mle Ztz} FH71sta, 30TCol A 180rpme 2
shaking StHA, AIZFE 2 B. cereuss} o9 ¥gE EAATE o] of A
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2"l B. cereus HF FFL HAF AFHY 7|F 3 - 4 log CFU/mlo] HEE 5
th. B. cereus= EA} AAATFOZ T A wE AFA 5ol ZaEkE 4 9o
= /b4 phase (A5547), BA7)2 dFshel 4Pt

Ascorbic acid 5% = H7}3 A M)A B. cereus FET BE 0 THEHE
cereus7b HEF A gobA, AbEol HIUE Ao g qEoY, FTFE A W3
7} 9k =, 5% ascorbic acidZ B. cereus= A}Eo] Ldojuix|gl, 3139 A
A= 74Q AHETE e HeZ AR FHITY (Table 54). 5% Acetic acidE
A7 AlFole] e A 30 § FE = B. cereus BT HEFHA Ut BFE
HA A ANAME A2 302 FHEH oW o&E HEHA o} acetic acid= B.
cereus9} T2 Aol AT FFEAIt AJTE (Table 54). Table 54= o5~
Z21719] B. cereusES FEF3 A3 ZAZ3E Vel ARV AeE e Ay
£ aun

Table 54. Level of B. cereus in cleansing solution of red pepper inoculated with

exponential phase culture of B. cereus

B. cereus (cfu/ml of cleansing solution)

Time (min)

Distilled water Acetic acid Ascorbic acid
0 41x10* 4.1x10* 41x10*
30 3.4x10* <250 <250
60 3.6x10* <25 <25
90 6.6x10* <25 <25
Al a7 AR FHE B4 A7 As|u|AAESQ Salmonella spp., S
aureus, L. monocytogenes ©}EetE4l A FFo] T HEFHA &Fdot. sHAEL

A3 317 AEF 38%7F @@= 12709 A|Eo A B. cereus7t AEEF Y™, 157}
2] 93% 01’}}% Z 57k 5 log CFU/g ©]&8 oIt &7t 2 7
SHRBE7IEA st B. cereuss HEA mAAEC] AEdA

UoY, LEFFFAA B, cereus Lol hEk A 2 A

o

=

o] 7|z 7iE FHQ AL HAFr}

o2 s B A mFEIVIFNAN EYFH B. cereuse] A EAHL EA5H,

B. cereus7} 2ol ®zste] 10T o]kl A2olA= A ARS sHA FatA
AtEE S AT B cereuss A9H2E LFAX LETHFE 5T 30TolA]
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90Ut AFSIEA, B. cereus B FF40 WS AT A, 0T AFToAE

s
44 o]"l?— O]'Z]E'_ T

T W37l A9 gilen, 5T FaAME A% 3

7} At ARE BAFEAT. B, cereusd ALE nxitE XWC’ ndE s
o] 5 log CFU/g AER mo}x], Melujz]| 3o A B. cereuse] A& HAL d]$
Ad AT stAIRE A 49 FHRE = BEE AN B cereus7t HEFHA GFob 1L
Z7hFe ¥ SRR So7 A3 HFI B cereus?] Aol ATEHAL AME
3 Zo R AFEHIYT mEka, LxTFFd F71 +

=3
U

L A== B. cereus= L=V}
‘37

U] PAV AFEE ThsAdel AT AR 2EE HUFE AReRE I
7hEo mAE FEE HFVIUL oldgen 17 AHdAs A" 5 AFY
3%g FASIAA mAES] A7t wl-¢ o] Rl dx rAETH edE
2 URE e AESYY

Az Al PO 2 sonicating?} shaking F 7k WH-& o] &35fe], Az odle] n
AE2 H3lE EA3 A3, shaking o2 % FEF AlHo] 753k whala,

al
T F AT JEY o shakings stHA 5E7F AlHE otH, 17T &
P #4aE & des &9 st 28 13 AlF A ALFE wAsr] g
W £ R HAEo|HA B. cereusoll It IFHFa I}
ascorbic acidE A H Ao H7}st] ZFH4 2 B, cereusd] FFL T}
Ascorbic acid& B. cereus A ojol= AFHo|x| gk 1F AAHFL
acetic acid= B. cereus2]o 718} 239 AR = < =z
o AlF Al acetic acid 7P} E9HE o83 MHED EHHY FASR AFEHG]
o ZEBAHOR 7R mAES = =
T3 P AE ARSI vrEA] o 7T, B3 AlxdE 1x2TtEe JEE A2 A
=

/BB E3}o] B. cereus LEEESE BHE F UL AL
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H 6 F At/HLurgolM R ofelursty|=sE8

B AR sgol 13 A gried e the3 2o 223 International
Committee on Food Microbiology and Hygiene, FoodMicro 2010+ The Danish
Center for Advanced Food Studies (LMC), Lund University % the Swedish
Society for Microbiology 7} F#3tod dint=z zZHstAl 4x) el AEoA 7| HE
Fom 527 A 6007 o]ito] FrbEtHT. dAFFA= = A 1. Fermentation
(microbial behaviour, metabolites), II. Risk assessment (pathogenesis, predictive
microbiology, risk assessment, resistance), III. Primary production and food
processing (microbial behavour in intestinal tract, food production, himan

response to gut microbiota, probiotics) 522 FAE ] Qlt}.

F8 93 FA|= Microbial behaviour in food fermentation and spoilage/
Functional starter cultures / Microbial metabolites / Food microbiology in food
safety / Microbial behaviour in adverse environments / Microbial behaviour in
risk assessment / Microbial pathogenesis / Predictive microbiology / Microbial
resistance / Risk assessment / Microbial behaviour in primary production and
food processing / Microbial behaviour in the intestinal tract / Food production
/ Human responses to gut microbiota / Food preservation / Probiotics and

intestinal interaction®} 7t}

7l2dd S faEr 2 Hed rAdE Ao #YEE WEs 4F AUHEHH the
I Zoh HeA vAES dFE e SUE L9E AHdAAE F4S T3 ¥
e dod  Jon Hor vFg odd Be AF 2ol o MstEo =
SHol Al A= BYHdS dodA @= BeE o ArHoeg gias
AF3t7] oEw a<loltt. A mAER A ELS vex: B A=
A Z FFS F= T BHAT dAo thl dFS Terng o9 2 A
2 EF 13 B3I 2do] desht B2 a4t Alte] HastEr EFd
gte 5 dF 2dE Ui, HEske slo] e3d AL AHYE AASHAT ok
g AF T BYA4 vdE Alofst #dst A, Ax, SF= AL-an T o
A A HAA g 2EE TheAol 22 HAETLRE o T 7 B¢ F
LALAT AFZ At tiFE A7 ol olFoH ey Aoyt Aidl T
ATE HFT LS AT olsk FHEStY AF AL T BEA AdE
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