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SUMMARY

1. Title

Development of Control System for Hazardous Microorganisms in Pork Meat Using

Quantitnative Microbial Risk Assessment

II. Objective and Significance of Research

To develop model of hazard microorganisms (Salmonella spp, Listeria
monocytogenes) control system for domestic pork meat, level of Salmonella
spp. and Listeria monocytogenes, was observed in slaughterhouse, meat

processing plant, wholesale market, and so on.

M. Research contents and scope

1. Present status of risk analysis technique

2. Evaluation of level and incidence for pathogen in slaughterhouse
-Selection of slaughterhouse for observation
-Experiment of general microorganisms, Salmonella spp. and Listeria
monocytogenes in slaughterhouse
-Experiment of general microorganisms, Salmonella spp. and Listeria

monocytogenes by processing steps

3. Evaluation of level and incidence for Salmonella spp. and Listeria
monocytogenes in pork meat during distribution
—Evaluation of level and incidence for pathogen in pork meat stored at
adequate chilled temperature
-Evaluation of level and incidence for pathogen in pork meat stored at
fluctuated temperature
-Evaluation of level and incidence for pathogen in pork meat

distributed in conventional butcher shop

4. Study for Stochastic QRA model
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-Basic model study to quantify relation between microorganism level
and slaughtering process

-Experimental design to obtain SQRA data

5. Examination of HACCP system for domestic slaughterhouse
—Point out the problems of HACCP system in domestic slaughterhouse
with comprehension of result of microbial evaluation and hygienic
condition

-Suggestions to improve HACCP system in domestic slaughterhouse

6. Development of microbial change model for processing and distribution

7. Simulation
—-Stochastic simulation with collected factors using Monte Carlo method
-Determination of control level by processing step using sensitivity

analysis

IV. Results and Recommendation
A. Results
1. Grasp and analysis of information related on risk analysis

To improve microbial quality of food, QMRA techniques have been
developed in some countries. But the performance of QMRA would always be
limited by the availability of data. Developments in risk assessment
methodology, better microbiological data and greater computing power have
made it possible to develop more sophisticated and meaningful risk
assessments. Also, development of modified technique for each country
because there are big differences in cooking and eating pattern and so on, In
this study we learned QMRA technique through books, papers, and materials
from internet, and then analyzed results of QMRA research achieved in
abroad and Korea. Data related on pork meat such as production, distribution,
consumption pattern and so on were collected through journals, reports, and

internet, and used for model study.

2. Hygiene condition, model for microorganism change of slaughterhouse, and
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review for HACCP system in slaughterhouse

2-1. Evaluation for incidence of pathogen in slaughterhouse

Microbial contamination (general bacteria, E. coli, Salmonella spp. Listeria
monocytogenes) of 8 selected slaughterhouses by processing and above 50
factors related on hygiene were observed. Although hygiene level of
slaughterhouse has been improved since introduction of HACCP system, farm
affiliation, duration in lairage, cotton gloves use, temperature control of
chilling room should be improved. Also, number of employee, amount of water
use, number of pig processed per hour, and duration of processing per pig are
quiet different by slaughterhouse. Extensive considerations are required for
efficiency in slaughterhouse. From the microbial examination, there was no
observation in the respect of general bacteria those level was over the
recommended standard(10°1 CFU/erf) in HACCP system for pork meat.
Fifteen samples(1.8%) showed 10°-10° CFU/cr, but rest of samples(98.29)
showed below 10 CFU/cri. For E. coli, all of the samples was below the
recommended standard (10" CFU/cr) and 809 samples (96.3%) showed below
10"  CFU/ert.  Contamination rates of  Salmonella spp. and Listeria
monocytogenes of carcass in slaughterhouse were 0.36% and 1.54%,

respectively.

2-2. Development of model for microorganism change during slaughtering
process

The incidences for general bacteria, E. coli, Salmonella spp, and Listeria
monocytogenes were obtained. Also, over 50 factors of slaughtering process
are considered to relate the incidence and causes of microorganisms. The
regression analyses were done under 2 scenarios and 2 models, and then
results were compared to suggest a better combination of scenario model
and to quantify the effects of processing factors on the incidence of
contamination. The best fit probability model is suggested to be composed of
dummy variables of 1 if pathogens were detected 5 or more times and
dummy variables of 0 otherwise. A simple regression was found to be more
appropriate than multiple regressions in analyzing the causal relationship.
When selecting variables, it is proposed to include variables in the order of

coefficient size, rather than statistical significance.
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2-3. Suggestions to improve HACCP system in domestic slaughterhouse

From the result of regression study, detection rate of microorganism in
carcass decrease in 13%, when duration in lairage increase lhour. This result
indicate that duration in lairage is important factor for lowering the rate of
microbial contamination in carcass. Scalding vessel size was found as
important factor in decreasing the rate of microbial contamination in carcass(if
size of scalding vessel increase 1 ton, detection rate decrease in 3%). Also
from the regression study, if duration time from stunning to evisceration
increased ,but duration time from evisceration to chilling room decreased,
probability of microbial detection in carcass decreased. From the result of
microbial test and analysis of factor related on hygiene, temperature and wind
speed in chilling room affect probability of microbial detection in carcass. Fast
temperature down of carcass(within 12 hour) was very important in

decreasing probability of microbial detection in carcass.

3. Hygiene condition of meat processing plant and pork meat product in

market and model for microorganism change

3-1. Evaluation for incidence of pathogen in meat processing plant

From the result of microbial test for carcass in meat processing plant by
processing step, level of general bacteria were 10°10" CFU/cr (45%) in
chilling room, below 10°710° CFU/cr in cutting step, and below 10’ CFU/cr in
deboning step. E. coli, was detected on 129 samples with the level of below
10° CFU/cri. Salmonella was detected in only 1 meat processing plant, but
Listeria was detected in 4 meat processing plants. Serovars of Listeria detected
in meat processing plant were L. welshimeri, ivanovii, monocytogenes,
seeligeri, and innocua. Among those, detection rate of L. monocytogenes and

innocua was 0.8%

3-2. Evaluation for incidence of pathogen in pork meat from market

General bacteria level in pork meat purchased from wholesale market was
10'-10° CFU/g. Detecton rate of L. monocytogenes was 2.17% and detection
rate of Listeria spp. was detected 18.48% including L. monocytogenes.

Detection rate of Salmonella spp. was 1.09%. Level of general bacteria was
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lower with 1-2 log in pork meat purchased in winter. But there was no
difference in level of general bacteria in pork meat purchased during the other
seasons. From the result of E. coli distribution, there was no big difference in
level of E. coli in pork meat by season.

General bacteria level in pork meat purchased from conventional butcher shop
was mostly (over 80%) 10°-10" CFU/g. Detection rate of Salmonella spp. was
2.34% which was two times of those from wholesale market. In the case of
Listeria spp. 25% of sample was positive and the level was below 10"
MPN/g.

3-3. Development of model for microorganism change during processing and
distribution

The last objective of this 3 year project is to develop a Risk Assessment
Model for Salmonella spp. and Listeria monocytogenes for pork. This work
has been inspired by USDA’'s work in 1998 on Salmonella risk assesment

project on shell eggs and egg products.

To achieve the objective, using Excel, a mean-based model is developed
assuming 3 stage marketing structure for pork, loin and neck to be specific.
In the model, a serving (a conceptualized unit of pork to trace the
contaminated pork. It is like an egg in USDA’s study) size is assumed and
through the marketing module these servings are assumed to be distributed.
To identify which serving 1is contaminated and how many times,
contamination probabilities have been calculated. Once identifying how many
servings are how many times contaminated, each group is assigned with (a)
growth function(s) to estimate the contamination level. For the growth

function, the Gompertz equation is used for both Salmonella and Listeria.

The mean-based model performed well, reporting 172 Logiy CFU/cm® of
contamination level at the retail, and the sample contamination level and
modeled contamination level converged into a reasonable range, which
validates the mean-based model. It is found that the contamination level is

very sensitive to the change in temperature.

4. Stochastic simulation using @risk
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Once the mean-based model performs well, it is converted into a
Stochastic Quantitative Risk Assessment Model by substituting two means of
major variables, temperature and duration of each marketing stage (time for
growth), with two distributions using @Risk, an Excel plug-in software
developed by Palisade. To estimate the distribution using a set of real data,
Palisade’s BestFit is used and major criterion to select the best fit

distribution was A-D(Anderson-Darling) Test.

The SQRA model, which is supposed to perform along with the mean—based
model, reported much higher contamination level of 8 Logl0 CFU/cm2 at the
retail stage on average and 10 LoglO0 CFU at maximum. This inconsistency
may imply that a subtle change in temperature or brief incautiousness may

lead to a disastrous outbreak of Salmonella or Listeria.

For further work, more diverse pathogens needs to be modeled. USDA’'s PMP
is a good starting point but never reflects a real situation where far more
complex marketing and growth environments prevail. It is a building block,
not a building itself. The frequency of pathogen outbreaks seems to be
rather suppressed, maybe due to abuse of antibiotics. This needs to be
modeled. Last, the model should be expanded to include the effects of
preparation and consumption at home. Plus, public health outcomes should be
considered as well to judge the feasibility of proposed food risk management

approach.

B. Recommendations

1. Application of model for microorganism change by slaughtering process
Developed model of microorganism change by slaughtering process could be
applied for prediction of microorganism change when new system or step for
slaughtering would be introduced. Also, it would be reference of other study
for new microorganisms and used to evaluate effectiveness of processing

condition and technique in slaughtering.

2. Application of model for microorganism change during distribution

_17_



Developed model would be used to evaluate for microorganism change due

to changed distribution condition or environment.
3. Application of pathogen quantified data for other research

Quantified data for Salmonella spp. and Listeria monocytogenes obtained

in this study would be useful for other QMRA research.
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A, Ay WA B4 Frkeh T gAAT FABA WAl ABHE AL
@ olel s MBS AL, b, Su A%, FE, 2o AR 22
X FERAS AFstE 5ol AEAS AW et v

W

CODEX JEMRAG®| A=
enterica in broiler chicken(WHO/FAO 2002), Listeria monocytogenes in ready
to eat foods(FDA/FSIS 2001), Campylobacter jejuni in broiler chicken
(FAO/WHO 2002), Vibrio species in shellfish (FDA 2001)] W3k MRAE A&
abal vk AAlZ MRAE st dolA WA vAd= g A= W]
of thgh FE3 A7 obF mEFT Wow HA T FHIIIAALE o] Fo

ek TAE Zra vk AF7hA Aol = WAl g ud ds &

almonella enteritidis in eggs(FSIS, 1988), Salmonella

4, gHew AEaAn A% g AL ofF BEAow Ao,

o
MRA #3 97A45E Ao R84S ko] st dolHE Fhatas

o] 7 o] RolA surveillance system (FoodNet, PulseNet)S WEo] Al &3t Q)
ot
i 35 AN ofrol b R US e Ao MRA ARE Ale st
A uE FHE AT o= A AR M S AT eRA FHd T
A 2aE dode =Ee 3 dow BAY 359 wAdEs FoEd
W} FT A Tt A AEAAES AAsr] fste] 19969 25 7
A= Fe AFo] FAHEUAL, risk assessment, risk managementol] ¥3+ 4]
e w2 At Ao

1}

X
I}
flr

Food Safety Enhancement Program©. & HACCPEZ d#o] w3 =+
7} 24, HPB(Health Protection Branch)ell ]38t 2] & oA o] w Y&+ risk
analysisel] #3 A= Ao},

AL 19949 HACCP Al=7F == on FAGAAE SAude] ofbd 2

[e)
Fo tigk HACCP =99 5%, 47| A ¢ HACCP /Id& €83 Alx &
= b e B 31, kel A Ao o2& AddAAQl ) risk
analysis®] 7I'd 3} HACCPO] &8 &3t AAE F3eta o

6. =5 A4¥ #H A=

U avREC] =5 Aavlel #AHAE AEF Risk assessment EES THE
ff RPEA] od AEE FulldA AMEY BHaA FdExaF 585 St =
At At g e A Y NE, =59 F8 FYA, AelA 1rlE He W
T, 78 A, gAdA =55 AFsE HlE, Al thav] A F o R A9
9 55 =% 4v Feet BT A8 =M Table 1-1 ~ 1-99F 2} &9
olelo & Awudlzlrt o d¥ =58 mcle] FE sk W o8 =g
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F9e 4% 2 A% F
so]l F 2% U 7h
Hi A2 o 9%

Table 1-1. Incidence of pork meat purchasing

T & | 2] a17)
7 &) uf 8(1.6)"
gFde AW 21(4.3)
gFdo FH 68(13.8)
JFde 3 181(36.6)
2F<of & 115(23.3)
ko] 3 89(18.0)
71 g 12(2.4)
(F5%) (77)
3 7 494(100)

CApRE0E)

<AREFA SR U FF] Bstel 1Y, daE

Table 1-2. Major purchasing places of pork meat

T = 2] 3L7]

AN & A 318(55.9)
RLECIR 42(7.4)

FEFEFH - AAA 88(15.5)

Ankes - AAA 73(12.8)
AY AR A} 2] wlf 2 22(3.9)

o & &l wl 20(3.5)

7] €} 6(1.1)
(&%) (2)

3 Al 569(100)

TR

<AREA: SFL Tz Wateh A, FA
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Table 1-3. Incidence of meat consumption when eating out

T B SH7H (M &)
y 27]E 9e 142(26.8)
AuA L 172 He 308(58.2)
Ao w7E WA FS 79(14.9)
(&%)
3 7 529(100)
S bRl E)
<AREA FFav T wstet A, s EdAATA>

Table 1-4. Consumption rate of pork meat when eating out by income

and age

A A7) (H]&) 25 A 517] (H]&)
294 o] 3} 7(43.7) 110%H m vk 92(75.4)
307394 143(59.1) 1107200 122(70.9)
40749 A 141(63.5) 2007300 76(50.7)
504 ]’ 11(36.7) 3007+ o] A 23(28.4)

3 A 302(59.2) g A 313(59.6)

AREA: §FaVTR Wt AW, FEEAAATA>

Table 1-5. Average intake amount of pork meat per one day by sex

(unit:g/day)
=] A] tﬂé
T 4 = - 8
A& = 2f o &}
X 217] 22.1 26.6 18.0
A A A 12.1 15.1 95
H A FAE 0.9 15 05
H R 277, dAHAE 05 0.6 0.4
<AEEA g ok FALE 1142002>
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Table 1-6. Average intake amount of pork meat per one day by age

HAE (@)

T AA L]

A% (] A 17 HA AR A RAE e

Qe
172 3.8 04 0.1 0.3
376 18.9 4.7 0.1 0.2
712 25.1 9.3 0.2 0.5
13719 319 14.8 0.6 1.3
20729 27.1 12.6 14 09
30749 234 189 1.5 0.5
50764 17.0 6.9 0.9 0.1
65 o 10.6 3.1 0.2 0.0
d o= 22.1 12.1 0.9 05

<AREFA G FF AR I1A2002>

Table 1-7. Average intake amount of pork meat per one day by region

2 E 19 A4 (g)
A & = 2] 3L 7] w2 bt
A=t 22.1 12.1
o &= A 23.0 125
FAEA 235 135
w - W1AY 16.9 8.4

<A ZEAH: FHlo ez A}LE 3142002>
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Table 1-8. Distribution of intake incidence of pork meat for

the over 12 years old objects

AE W= (3)

HA aLz] (%)

)
=

ZEIEE

1
2
3
1
273
475

273
477

5.71

0.72
0.14
0.08

35.69
18.58
4.05

10.15
21.48
3.39

<AREAT TR QG FEAPR 1A2002>

Table 1-9. Ranking of pork meat as a frequently consumed foods and
average intake amount per one day by season
AlA A& =9 A= () Hl& (%)
W | 2] 317] 7 19.8 1.8
R B R <R 19 119 11
o= s 2] 3171 12 18.1 15
R P <R 24 10.4 0.8
e s 2] 3171 10 214 1.8
I R 28 9.8 0.8
| A] 3171 11 22.1 1.7
A&
) 2] A A 22 12.1 0.9
<AREFA TRl FRAFR 314 2002>
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Table 2-1. Comparison of major factors related on the slaughtering processes

for each slaughterhouse

—_
x| €l |88 alolo|F |9 ~lolxlolo|w|®lgla| &
e N — | X w | S < ] *® - %
—_
o o
Slo|lR|8|8|8|w|o|o|o|k <lxlo|lols | ®|e
— il B —
—_
m Lo < 0 m._| o |0 W HE Te) ;ob
== | S| 8|B|IE|o|o|o|o|& 8L ~|xx|lo|o|g| &L %
—
o~
0 —~ jury
! o ~ o o
Flalo|S| 8|38 |w|lo|olol®|gle ~|xlxlolo|ls| % | >
- — <t ,mwo
~ 0 | & =)
‘WE — —
~
KO —_— ~
o ™~ o o
MDXm%mmzAOO%M&SlXXOOﬂ%m o
~ Wo'm 0| A S
~
ol |Z|8|wlwlolol@ gl «|xixlolole| g
o~ ~ — — ,Ho O~ m Mnu o
o ™~ ‘ﬂOI <t
S|l o | o] @ TH o0 = | B | » o
= p
“lwlglgslglgl<]alolol®lglelalxxlolole!|® | >
S S B S W |© S| 8| *® Yo
— <t
| | = M Slal N
I A el S S B U el G B < My)e % | %0 [Ty 3| T |y S
B [ T [P |A ] T e i e el bl e P ol g i B L gy
g [WruE| gase X J|IXE8| BE ||| o | || I (o | g N R S ]|
R IR g B Bl R Lol I - e g e S I A st R i e
= s o | o B M| o




Table 2-2. Comparison of major processing conditions for each slaughterhouse

i = e
F AT -
Al 3l 5 X(67]4), 027 42)
Cammo =iy |7002702), 110001702, 1300(27H42), 1800(17H2),

20000271 42)

FTHEFUATE-AEA) 207689
qdd = A AHE- 1407500E/4,

w gl A ( 5720 ), oluk( 720 ),

WA Z( 3722 ), 254 ( A5 ke, 5723 )
AR 27 264-3,044 m”
A A7) 385-3,300 m”
SR EE R 192-1,459 m’, @44 650-3,6005
P A5 A 2k 1A 7F o) 8H(X), Ht 44 7+
T BRARAE(0,8 %) OBMA), AUMZ), x(1712)
AbEF (A8, g 2 7)E T EF
EEWH Y e uby) Gk (6704), BEb+Ete] (27 &), HhE (104)
wE A A#H(0,X) 0671 2), X(2714)
HE5 A%4(0,X) 087l %), X074 %)
2R 27H3)(0,X) 0671 %), X274 &)
28 =4 A#(0,X) O(7T7h %), X174 %)
2R =AF A2 (0,X) O(7T7h2), X174 %)
HF A2 (0X) 087l %), X074 %)
WA (A, ~9) A, AL, Y
en 58 ~ 61 C
eat Al ZE 6 ~ 8%
Eu33F(/Y) 1 ~ 23
gakz o] &%) 0.3~40%
Ly W (5, 4) S [ ES)
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Table 2-2. Continued
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2. wH4e) MAT 09 47
tood AR AR 45
8§ AAEF) AQgeAuw inwz 8407) Al gl wld QuAFFE %
A A Table 238 0 Slwdow AsdAs uATs o 1471

+ 101 CFU/ail Ase glglon, 104—10%31 7 CFU/andl Al=7F 157] A%
(1.8%)93 U= RE AlZ(eF 98.2%)7F 10'M]) ¥ CFU/cro.= ‘)rF/P/} S @ te)
of ==l gloiA 2003L4 79 1958 RE 3% HACCPARE 9% A& o

T2 JQASFTLE AYE A" RAor EAFQLL ol AT AEE Ak
& B AlEelA dEbd mhe}
& AFolF A AR &
A

At L Aol

AN

2dxE By 10°4 CFU/ai &4 %
Lﬁ%ﬁ%i 9 A%F0] 495%= ey 2
F & 162% = UJEIJA HEAH GAS ARWHA Adu

o
=
Basit Ao Uend mA AFel AATE 2l e 3
%i__/\

k&r-lN
T,

fo T
roh
ol

]
lo

f

4 A

AL A= Table 2-49F 2tk HACCP system 48

g3k %2l 10401*L CFU/ardl A= el

7F 1 AEE 01% A3, 10'-10°1 9 CFU/crdl Al &

FU/ci<l /\127} 80970 & 96.3% %= bebu}

09 FF v A4H Ao e okg

g Agedd= o H&TA %%E% A3 Anp ANAFFe] e dEe} U}iw}

A2 10"l CFU/ar 295 %& B9 AR yehd vieh o] WidE F

L ATFFE 815%ET HF AFo)F dud SdFE 09%E YERY HTAH o
AE AAEA LdFEol 438 7 = Aoz Yyt
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0. =70l a1, 101-10°7 3 CFU/er %9 o d45% 7
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Table 2-3. Contamination level of general bacteria during slaughtering process

QA F 4= AdeAdd 29X E e £2(%)
2 - — - (%)
(CFU/cir) AAZ A YAEEZ T HE2AH T gyl
) 6 10 23 60 99
107 0] 2t
(2.8) (4.8) (10.9) (28.6) (11.8)
2] 107 98 91 112 114 415
(46.7) (43.3) (53.3) (54.2) (49.4)
100l —10%] 5 98 104 75 34 311
(46.7) (49.5) (35.7) (16.2) (37.0)
10%0]2-10°1] gt ¥ 0 0 2 b
(3.8) (2.3) 0.9) (1.8)
10°0] 2+-10°w] 2k 0 0 0 0 0
1000] 4 0 0 0 0 0
Al 210 210 210 210 840
Table 2-4. Contamination level of E. coli during slaughtering process
2AAFAd gFd ST E3x(%)
744 (CFU/crr) Al
Wd4dE 4 WddE & H3AHE & qud
’ 204 192 205 208 809
10 v gt
(97.1) (91.4) (97.6) (99.1) (96.3)
10" 0] 4-10°m] g 0 7 ° ’ .
(2.9) (8.1) (2.4) 0.9) (3.6)
. . 1 1
10%0]%-10m] 9k 0 0 0
I ] (05) 0.1)
10°0] 4-10"w] 1t 0 0 0 0 0
10%e] 4 0 0 0 0 0
Al 210 210 210 210 840
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Table 2-5. Contamination level of general bacteria and E. coli during
slaughtering process for each slaughterhouse
S o HHEEE 2 AAN e P A
AEzd W3 H 5 A of g Al
A HEA| 9= (CFU/er)
10°w] 1t 1 1 10 14 26
10°0] 4-10"v] 1t 13 11 7 14 45
10°0173-10"m] 1t 13 18 13 2 46
10%e]2¢-10°] 1t 3 0 0 0 3
10°0]4-10°m] vt 0 0 0 0 0
10°0] 4 0 0 0 0 0
A 7 30 30 30 30 120
)75~ (CFU/cerr)
10" w] w2 30 29 30 30 119
10" 0] 4107w 1t 0 1 0 0 01
10701 7¢-10°m] 1t 0 0 0 0
10°0]-10"m] 1t 0 0 0 0
10%0] 4 0 0 0 0
7 30 30 30 30 120
kA 34 (CFU/ )
10°w] 1t 2 4 3 24 33
10°0] 4-10"v] 1t 24 16 22 5 67
10°017¢-10"m] 1t 4 10 5 1 20
10%e]2¢-10°m] 1t 0 0 0 0 0
10°]73-10°7] gt 0 0 0 0 0
10°0] 4 0 0 0 0 0
B 7 30 30 30 30 120
o -t = (CFU/crr)
10" w] vt 30 29 30 30 119
10" 0] 4-107m] 1t 0 1 0 0 1
10%¢] AF-10"m] 1t 0 0 0 0 0
10%0] A+-10"m] 2k 0 0 0 0 0
10%0] 4 0 0 0 0 0
7 30 30 30 30 120
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Table 2-5. Continued

ZAFAE L9X R vAE TXE
4314 S A
WEAED WEAESF AZANST A
ol vk A i 42 (CFU/cr)
10*m] =k 1 0 3 5
10%0] 2+-10"w] 7¢ 7 13 30
1001 4F-10"m] ¢ 22 21 23 14 0
100]4-10"m] 2k 3 2 0 0 5
10”01 4F-10"m] 2F 0 0 0 0 0
10%0] A 0 0 0 0 0
C 7 30 30 30 30 120
&+ 4= (CFU/crr)
10' ] =k 29 26 27 30 112
10 0] 4F-10m] 2¢ 1 4 3 0 8
10%0] 2+-10"w] 2t 0 0 0 0 0
10%0] 2+-10"w] 7¢ 0 0 0 0 0
10%0] A 0 0 0 0 0
7l 30 30 30 30 120
<l WA 7 4= (CFU/cr)
10*m] =k 0 0 0 6 6
10%0] 2+-10"w] 7+ 9 6 18 23 56
10%0]1 4F-10"m] ¢ 20 24 12 1 57
100]4-10"m] 2k 1 0 0 0 1
10”01 4-10°m] 2¢ 0 0 0 0 0
10%0] 2 0 0 0 0 0
Al 30 30 30 30 120
D 9= (CFU/an)
10'm] 2k 30 30 30 30 120
10 0] 4F-10"m] 2F 0 0 0 0 0
10%0] 2+-10"w] 2t 0 0 0 0 0
10%0] 2+-10"w] 7¢ 0 0 0 0 0
10" 4 0 0 0 0 0
7l 30 30 30 30 120
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Table 2-5. Continued

AT QAN E VAYE BX
aew e A5 AT AsAss aan
U WEA 4 (CFU/crr)
1077 v 0 0 2 7 9
10%0] 2+-10"w] 2k 15 16 24 16 7
10°¢]4-10"w] 1t 15 14 4 7 40
10%0] 2-10"w] 2k 0 0 0 0 0
10°¢]%-100w] 1t 0 0 0 0 0
10%0] 4 0 0 0 0 0
E 7 30 30 30 30 120
)7+t = (CFU/crr)
10'H] 2k 30 29 30 30 119
10" 0] 2+-107w] 2k 0 1 0 0 0
10%¢]4-10°w] 1t 0 0 0 0 0
10%0] 2+-10"w] uk 0 0 0 0 0
10%0] %4 0 0 0 0 0
7 30 30 30 30 120
U WEA 4 (CFU/crr)
1077 vt 1 5 2 8
10%0] 2+-10"w] uk 10 11 20 49
10701 410" 7 21 16 14 6 57
10%e] 4-10°w] 1t 1 3 0 2 6
10°0] 10w
10%0] 4 0 0
F 7 30 30 30 30 120
)7+t = (CFU/crr)
10"m] vt 25 21 28 28 102
10" 0] A-10"w] 5 9 2 2 18
10%0] 4-10°w] 1 0 0 0 0 0
10°¢]4-10"w] 1 0 0 0 0 0
10"0] 4 0 0 0 0 0
7 30 30 30 30 120
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Table 2-5. Continued

199 TR BELRLES s A
WgHEd U A oy
A9k 1 5= (CFU/crr)
1077 vt 2 4 0 3 9
10%0] 2+-10"w] 2k 12 11 13 11 47
10%¢] 4F-10"w] 1t 1 0 2 1 4
10%0] 2+-10"w] 2k 0 0 0 0 0
10°¢] 4-10°0w] 1t 0 0 0 0 0
10%0] 4 0 0 0 0 0
G 7 15 15 15 15 60
o)+t 4= (CFU/err)
10"m] vt 15 15 15 15 60
10'e] AF-107w] 1t 0 0 0 0 0
10°¢]4-10"w] 1t 0 0 0 0 0
10%0] 2+-10"w] uk 0 0 0 0 0
10%0] 4 0 0 0 0 0
7 15 15 15 15 60
A 9k 5= (CFU/crr)
1077 ¥ 0 0 2 1 3
10%0] 2+-10"w] uk 13 14 11 12 50
10%0) AF-10"m] 2k 2 2 2
10%e] 4-10°w] 1t 0 0 0 0
10°0] 10w
100014 0 0 0 0
H 7 15 15 15 5 60
)7+t = (CFU/crr)
10'm] vt 15 14 15 15 59
10'e] A-107w] 1t 0 0 0 0 0
10%¢] 4F-10%w] 1t 0 1 0 0 1
10%¢] 4F-10"w] 1t 0 0 0 0 0
10%0] 4 0 0 0 0 0
7 15 15 15 15 60
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v B rAE 2| v
S Salmonella spp., Listeria monocytogenes 5 HUA nAE o4
T AP A= Table 2-6, 2-73% 2ok HAAH R =54 EA A9
Salmonella spp. & Listeria monocytogenes 2982 1.9%(16/840)% 12, 54
QA& Salmonella spp. 0.36%, Listeria monocytogenes 1.54% A tF. =57
A, B, D, H #AdgelA WHdd nAEe] HEHA Fokon, Ak 4
Firel S dFFo] =2 C 9 FAAHANA Salmonella spp.”}F A&,
Listeria monocytogenes< AUk 2 g9 e d4a3 Aol GFIH
NN HAEE133%)°] =%, E H F 2= 42 17%, B 34% HA=5
At Salmonella spp.2] S9&2 HACCP A& AAZEFAZ AR+ W
7%0lW 7l FdEH, of&d Hlw v B
o - grol ofe] gk AEg EAo] 8 HY BT
7

e g obrte] AEEo] = YERE Ao Sol7k Aol

R
ol on

O

Table 2-6. Contamination level of Salmonella spp. and Listeria

monocytogenes. in slaughterhouses

A WA E HEF(%)

=54 - %
N Salmonella spp. Listeria mono. A©)
A 0 0 0
(n=120)
B 0 0 0
(n=120)

C 2 0 2
(n=120) (1.66) (1.66)
D 0 0 0

(n=120)

E 0 2 2
(n=120) (1.66) (1.66)
F 1 3 4
(n=120) (0.83) (1.42) (3.4)
G 0 8 8
(n=60) (13.3) (13.3)
H 0 0 0

(n=60)
Al 3 13 16
(n=840) (0.36) (1.54) (1.90)
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Table 2-7. Contamination level of Salmonella spp. and Listeria spp.

in slaughterhouses

e Al A E AE7(%)

= 0gA% 4 TEAE 5 AFAH § SR
= (n=210) (n=210) (n=210) (n=210)
% Salmonella  Listeria Salmonella  Listeria Salmonella  Listeria Salmonella  Listeria
SDP. Spp. SpD. Spp. SPP. Spp. SDPP. Spp.
A 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0
C 1
0 0 (0.47) 0 (0.47) 0 0 0
D 0 0 0 0 0 0 0 0
E 1 1
0 0 0 0 0 (0.47) 0 (0.47)
F 1 1 2
0 0 0 0 0 047) (047 (0.95)
G 1 7
0 (0.47) 0 0 0 (3.33) 0 0
H oy 0 0 0 0 0 0 0

A 0 1 1 0 1 9 1 3
(0.0) (0.47) 0.47) 0.0) (0.47) (4.28) 0.47) (1.42)
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Table 2-8. Level of air-borne bacteria for each slaughterhouse

F718 ZAAAY GEA T (CFU/MTA)

Z=2)
1 2 3 4 5 6

A 2 62 70 81 30 NT”
B 232 36 188 160 NT" 78
C 7 NT® 188 178 525 284
D NT® 168 650 82 145 97
E 270 NT' NT" NT" 250 73
F NT® 125 290 NT® NT® 1,420
G - - - NT' NT® 158
H - - NT" NT" 699

* NT : Not Tested
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Table 2-9. Number of sample for each slaughterhouse

¢
o

HAZ A=

1

NEAZ A5

120
120
60

20
20
20
20
20
20
20
140

20
20
20
20
20
20
20
140

20
20
20
20
20
20
20
140

20 20
20

20

20
20

60

120
120
120
720

20
20
20
100

20
20
20
100

20
20
20
100

Al
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Table 2-10. Detection level of Salmonella spp. and Listeria spp. in

slaughterhouse

Hot} (et 44, 2w} 16
= oy Aol wate] A
dat= 055%(4/720), El=HPole

HE=dA

WEAEd  WEAEE  AsAE o4
2~ H Eat

delol el #sdelol 4Edel ¢ 2d e}

1

2004.6.2
2004.8.18

2003.10.21
2003.10.21

2004.3.16
2004.3.16

2004.6.7
2004.6.7
2004.6.7
2004.6.7
2004.6.7
2004.11.9
2005.2.14
2005.2.14

el Ll e

2004.8.26
2004.8.26
2004.8.26
2004.12.28
2004.12.28

2004.9.2

A 1 1 1 0 1 10 0 4
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Table 2-11. Detection frequency of Salmonella spp. and

Listeria spp. by slaughterhouses observed

2] 2~ E 7 o}
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Table 2-12. Detection frequency of Salmonella spp. and

Listeria spp. in slaughterhouse by season

2] 2= H 2 o}
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10-114
12-34¢

10
16

6-94

Table 2-13. Detection frequency by slaughtering process

of Salmonella spp. and Listeria spp.
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Table 2-14. Major factors affecting frequency of microorganism detection in

slaughterhouse
AR/ AR AEEEY AR MAE B3 pgazezg VHE
mEg
w5 A B cC D G EF H % (g
=ETS 700 1100 700 2000 1800 2000 1300 1300  1260.00  1533.33
=95 20 38 40 63 50 38 35 20 42.20 31.00
A7 Ae] & 244 244 244
M 100 250 450 170 20000  310.00
(F7) (NA) (NA) (NA)
09749 10 21 11 9 20 18 4 5 13.98 9.03
AFFA7 (m®) 488 663 264 876 1322 3044 1950 250 72257 1748.04
A FA7(m?) 385 631 600 238 3300 1309 1752 620 103073 1227.00
d¥Aa=71(m® 346 1257 192 1100 1020 1459 1404 480 78296 1114.33
AlFA1 2 5
(532121 4 8 3 2 5 8 8 Na) 4.40 8.00
AAEA 297 S )
=(A%R=1, 2 3 1 2 1 2.33 1.50
5 o-3) (NA) (NA) (NA)
A A7) 3 4 3 2 1 2 2 2 2.56 1.93
Erulz o 2k 18
gt & 10 13 3 12 40 35 15 950 30.00
(ton) (NA)
BIRSA AN
e e 1 0 1 1 1 0 0 0 0.80 0.00
T
24l 25 - - -
(Haew O 15 15 5 20 18 15 19 20 16.60 18.00
A2 QA A — . . _
NAAE: w 12 20 20 18 6 19 23 22 15.17 21.33
EXRAEITGEEE
S oaaay) 1 3 23 310 4 2 4 9.81 3.20
A5 A=
(ch;rq]% = 5 -1 2 10 2 1 4 2 3.60 2.17
o PAPAS
i]“”r@"% SR 85 75 50 40 BT 33 67.40 79.33
+5(%)
o PEEN 3 3
AFedd TS 3 7 420 10 8.38 6.00
(m/%) (NA) (NA)
2| 5o YA 1 .
RENS G 20 6 12 24 24 24 16 15.90 21.33
i w12 10 ( -
R 5 LR 28 10 3 7 11.56 8.17
g dm 24 3 3 ~
S 4 3 4 2 350 2.50
AF(C) (NA) (NA) 7

*NA(not available) 3 &5 U2 ==
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Table 2-15. Ranking of variables by significance (t value)
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Table 2-16. Ranking of variables by size of coefficient value
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Table 2-17. Comparison of simple regression coefficients and multiple

regression coefficients
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Table 2-18. Comparison of simple regression coefficients and multiple

regression coefficients by coefficients size
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Table 2-19. The order of priority in selection of variables by significance

value (t value)

_77_



¢

%O

X
w

¢

—_

)
4
e

&

—_

)
4
e

¢+
il

0.792
0.720
0.716
0.512
0.502
0.483
0.408
0.374
0.371

0.0527
0.0436
0.0534
0.0002
-0.0132
-0.0390
0.2500
-0.0004
-0.0135
-0.0719
0.0222
0.0098
-0.0207
0.1000
-0.0356
-0.0001
-0.0322
-0.0001
-0.0561
0.0000

3.177
2.538
2.510
1.462
-1.423
-1.351
1.095
-0.988
-0.978
-0.976

0.781

I 12X 7EF(C)
Fo <5 = (%)

N
]

o
A ol Y

Jail

0.370
0.304
0.302
0.296
0.258
0.250
0.200
0.164
0.131

o 22 =.7] (m?)

T
ﬁo
o
e
Mo

0.777
-0.760
0.655
-0.631
-0.500
-0.406
-0.324
-0.282
0.000

()

3L 24X 7%

)|

R

WU.uO

o

0.114
0.000

(C)

}=17)(m?)

A
o

e

el
100

bel g

S

919} Table 2-19< 314

}

I3

7
EE

==z
o

o

gl

)

w vk 53]

o] 5%

4 58
F71e

A

Ze!

17

[0)

4l
e & (m/Z) 0% 159

o F

te, mA=o] 5

]

=

o

1o U wge] ASEE 99 f4)

pul

1/(1)4/\

of
7}¢
R

=

°] &7t

T

A

&°| 5%

vt §o 5ol

)olH, Al

3}

=

A (R
=]
=

HE

=
eweR, 1% 278 o nj ARl
}b]_

il

T

B
H
o
of

o]

Ko
™

o}

Aoz Ardt

L
.

o~
T
H

S7hE) = fle] Table

_78_

Ag2] A7) (A Eo] 53]
thA] A E&H Table 2-203 2t}

OJ—:]—]_

=

=

A
2-19



Table 2-20. The order of priority in selection of variables by coefficients size
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model I and model II

Table 2-21. Comparison of simple regression coefficients of
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Table 2-22. Comparison of simple regression coefficients and

multiple regression coefficients of model II by significance value
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Table 2-24. Standard of sampling size and frequency for microbial test in
slaughterhouse
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Table 2-25. Allowance level of E. coli in slaughterhouse
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Table 2-26 . Allowance level of Salmonella spp. in slaughterhouse
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Fig 2-1. Flow diagram of slaughtering process
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Table 2-27. Hazard analysis in slaughtering process
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Table 2-27. Continued
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Table 2-27. Analysis of critical control point by slaughtering process
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Table 2-27. Continued
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Table 2-28. Continued
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Table 3-1. Continued

FA}
4205

EAF

600+

DA}
1000

i

als

HACCP <

il

il

il

ol

ol

253

20~25%

16

o
o

;o.ﬁ
50

0

o]

0

;o.ﬁ

i

oy
ﬂqé
B
HE

ROF

354

3078

4578

]

B

e

=

W3k 870

jai]
=

o] A
B =

v

[e]

o
¥ 1 gkth (Table 3-2 ~ 3-6).

A

A arell A Fej7kA

|

17 ]

1 23% oAtk (Table 3-2).

i (Table 3-3),

o
Az Al -5 T 0C7F 23, 0 7 5TC7F 4322 YEEAL (Table 3-4), 3L A 0
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Table 3-2. Duration time of pork meat from warehouse

to selling in department store and wholesale market

percent (%)

25

19 o]y
24 o]y
3 o]

25
50

To

olo

A
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Table 3-3. Percent of management on the transport
vehicle for pork meat in department store and

wholesale market

percent (%) A A 5
100 8

oo T &

12
il fo

Table 3-4. Temperature of the transport vehicle for

pork meat in department store and wholesale market

&L il
-18T o] 3t -
18T 5T -
-5C ~ 0T 2
0C ~5C 4 2
T 2 6

Meky B E A A Avjde) el i A =
i+ Table 3-50 YetliAth. A4 e 227 16TE 2343 32 33ko]a 16T
ojsel 2 2o w yrtwow, HAMHS I X 15C = °

= Yt (Table 3-6).

Table 3-5. Temperature of processing room and showcase for

pork meat in department store and wholesale market

12 A
S 3 3
15C 2+ (60) (100)
o 9 -
15C elst (40) 0)
78 ’ °
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Table 3-6. Temperature of storage room and showcase for pork

meat in department store and wholesale market

R R 3 BarA
¥ kS ¥ kS i 3
-18Celst - 2 - 3 - 5
-5C 7-18T - 1 - 4 - -
0C ~ -5T 3 -
5C 70T 3 2 2 -
5C =% 1
FoH 1 5 2 1 3 3

3) A A5 e 43
A A5 300 A 94 Bel AFL AL 2AE B9 Aung

Aefa AgAlM Farel duj7bA] A A gke]

kg

=
1o
o
=
(A
>.

o

[u—

o

hadl
o
32

290 olUl7k 113el9la, 3¢ o]ul7k 33 39 o4bo] 2302 24 ofvje] Tuha)
= QA dueE ARt A 03 F 2670 FEABS Bt 9l
Qat, % Aol #el 2EE i Al -18T elss} 23, 5T T-18T7F 2%,
07~ -5C7} 93t & Yeyth &3 Al 0 7 5C7F 23X o2 ZAHSQL AL, 6340]
getolgtrh Maty 2 oY UM AU Bojde] ewpel g du
A Avke E 3-59) GERRATh QA9 Lo} 15CE RAE e 3R

o vehgton, #ojde $ud Rl WE I5C x3

Table 3-7. Duration time of pork meat from storage room

to selling in conventional butcher shop

percent (%) A A 4=
1Y ol 10
29 olu 11
3 ol
3Y o] % 2
e
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Table 3-8. Percent of management on the transport

vehicle for pork meat in conventional butcher shop

percent (%) A A 4=
o 26
ohe. 2
T&g 2

Table 3-9. Temperature of storage room and showcase for

pork meat in conventional butcher shop

jinss

al

-18°C o] 3}
-5C ~-18T
0C ~ -5C
5C ~0C

5C =3

\= )
Fed

O A 3070l that H 29

DO O1 © DN DN
= s o1 oo e |
- =

—
(@)

Table 3-10. Temperature of processing room and showcase

for pork meat in conventional butcher shop

Zhe A Fof A
B 5 5
15T 2+ (875 (50.7)
o 10 5
15C el (125) (49.3)
e 15 20




Table 3-11. Temperature of storage room and showcase for pork
meat in conventional butcher shop

NEEA H B
i ke s e s R
-18Col 3} - 11 - 11 - 19
-5C ~-18T 1 4 2 4 - 2
0C ~ -5TC 12 1 9 - 10 1
5C ~0C 9 - 5 - 12 -
5C %3 2 - - - 1
o 6 14 14 15 7 8

o AR nAE 2y

$7183e AFoR o] dIyTAy 2 Wsky, AN, FuFHLE F
Mog NgE A% nAE =5 2 Salmonella spp., Listeria .sppS 413}
Atk

D =5 71849 348 vAdE 4

=5 7t A FAE AZFEAS AT 4 AT FHE
A8E TFHoZ AASHE v} 2kl Table 3-12+= Z=A oA 7FhawhAd
AubAlg o] XS Yehd Aoz Ao AE 10710" CFU/ar 3] 45%
2 b4 wokth Aok A QA mAE BxE 100w A 1007 WA 2
Eata itk B dANAE 10710° CFU/ar 79 AaE oy A3 w
oA mAE FEo] ot FrtelE AR UEykt

Ir

Table 3-13°1A &= o X5 e ZAo=2 ZAME A8 5 1297 Als
oAM Bgetel AEH Y 2F 10' % CFU/ar 25 A

7t ol A Salmonella$t Listeria & &2 Table 3-14%} 224 Salmonella
= 1 Aol AEE Ao Listeriat= 670 4A F 470 dAANAM AZHA
t}. Table 3-169X+ HEH Listeria®l serovarg YWEFW AT L. welshimeri,
ivanovii, monocytogenes, seeligeri, innocua’} AE% 2™ L. monocytogenes,
innocua®l AZ&°] 0.8%% .
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Table 3-12. Distribution of general bacteria in carcass by meat
processing steps

A REA 5 Adedd LAAE MAAE E3E(%)

- 71(%)
(CFU/cri) of Y Aok E1 A8
5 7 7 16
(0] ol _
107% +(5.0) (15.6) (16.7) (9.5)
(17 6 10 12 8 36
(15.0) (22.2) (98.6) (195) (21.4)
(16 10 12 13 17 52
(95.0) (26.7) (31.0) (415) (31.0)
16" 18 12 10 13 53
(45.0) (26.7) 23.8) (31.7) (315)
. 4 4 3 11
10710 (100) (89) (7.3) 65)
A A0 5 42 A1 168

(o] FA= 22 4o A g W
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Table 3-13. Distribution of E. coli in carcass by meat processing steps

gt A3 AR (%) o
(CFU/cm) of Ak Ela= 39
*ND 19 23 26 18 86
10°m] 7t 10 11 7 15 43
107107 - - - -
107710 - - - -
10°710" - - - -
7 29 34 33 33 129

#* ND : Not Detected
£ 09 FAE e Ao Ao e wWis

w71

Table 3-14. Number of positive samples for Salmonella and Listeria
in carcass by meat processing plants

. A BRI AL 25500 .
reEd FITE! EECEL) e
0 1 1
(n=79) (1.3) (1.3)
B 0 4 4
(n=44) 9.1 9.1)
15 0 15
(n=74) (20.2) (20.2)
D 0 4 4
(n=42) 95) ©5)
E 0 2 2
(n=84) (2.4) (2.4)
F
(n=36) 0 0 0
A 15 11 26
(n=359) (4.2) (3.1) (7.2)
09 FAE 2 A9 nol Bh@ W
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Table 3-15. Number of positive samples for Salmonella and Listeria obtained

from meat processing plants

7} AT HAAAMAE AE5(%)

z oy Aot -l Ay % CIa=s
=z (n=39) (n=79) (n=91) (n=86) (n=19) (n=9)
s L S L S L S L S L S L
A 0 0 0 0 0 0 0 1 0 0 0 1
B 0 1 0 1 0 1 0 0 0 0 0 0
c 2 0 3 0 3 0 4 0 3 0 0 0
D 0 0 0 0 0 0 0 4 0 0 0 0
E 0 0 0 1 0 0 0 1 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0

A9 3 2 3 14 6 3
B 08 03 08 06 08 03 1) 1D (08

(e}
(e}
(e}

S @ Salmonella , L : Listeria
£ 08 FAE 2e el nol UlF Ws)

Table 3-16. Serovars of Listeria identified and number of positive

in meat processing plants

Serovar No. of positive *Positive (%)
L. welshimeri 1 0.3
L. ivanovii 2 0.6
L. monocytogenes 3 0.8
L.seeligeri 2 0.6
L. innocua 3 0.8
total (n=359) 11 3.06

#n=359°l o F W&
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q A sujs 9}% EE s 2y FES 1017106
] A AEH AL XE3e Listeria spp.

om 1484 A

2

X Ay
o
52
ki
h
S 3
e}
S
e}
2
S
0Q
Q
>
[
1%}
N
g
[\
U_u
’O

SR7F w2 A&l 1301]/\1 E}E Aol A 0}04 2 log FEOE W
FE BolFdlom Ve A= 2 Aolrt §ls Aoew vuyth ddd
3E(Table 3-19)ol A= o & 7FS A=A 3 log —’F%O gl AEH
A Ao A e & Aol gle dow T4 HoArh

Table 3-17. Distribution of general bacteria, E. coli, Salmonella spp.
and Listeria spp. in pork meat purchased from department stores and

wholesale markets

Distribution
ND <10 <100 <10 <10 <10t <100 <10f
General bacteria B B 1 9 17 o7 929 9

(cfu/g)
EColi (ctu/g) 66 3 13 8 2 - - -

Listeria (MPN/g) 77 6 7 2 - - - -

Salmonella

(MPN/g) a1

Table 3-18. Distribution of general bacteria in pork meat purchased from

department stores and wholesale markets by season

General bacteria Distribution
(cfu/g) ND  <10° <100 <10 <100 <10 <10° <10°
2(375) - - 1 6 5 4 8 4
o &(678) - - - - 4 2 5 1
7}2(9711) - - - 1 1 0 14 4
A2(1272) - - - 2 7 n 2 -
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g FEHANA FuEn A= EFA HEW  Listeria serovare L.

welshimeri, ivanovii, grayi, monocytogenes ‘s °] 1t}

Table 3-19. Distribution of E. coli in pork meat purchased from department

stores and wholesale markets by season

Distribution

E.coli (cfu/g) 5 - 5 5 - - 5
ND <10° <10 <10 <10 <10 <10° <10

#(375) 21 - 2 5 - - - -
o 5(678) 7 3 1 - 1 - - -
7F&(9711) 22 - 5 2 1 - - -
A&(1272) 16 - 5 1 - - - -

Table 3-20. Serovars of Listeria identified and number of positive

in pork meat purchased from department stores and wholesale markets

Serovar No. of positive Positive (%)
L. welshimeri 6 6.5
L. ivanovii 4 4.3
L. grayi 5 5.4
L. monocytogenes 2 2.2
total(n=92) 17 185

3) A FEHolA dviE = =59 vAdE 24
S

BA71% ddel A ASHAN =5E TYste] £4% 2= Table

3-21, 3-229} 2otk AWkA - 10°-10" 30 7FF @ola] 80% o] Aol om
S Aoz 3 FEH"A

Z AdubMaEFoA s AV e
AEE ESug QEs FEol o
SR WSRO E Ys5

]

Salmonella spp.7} 47] Al B0l 4
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Hdt}. Listeria spp. © 256% AE FA o
& FFoltt. L welshimeri?t 7F4 B X
|50 HAZEH A tF Table 3-22, 3-23°1 A

= 2~ B i

R B I Lyt e =
S Yed 3oz AL B AEdA 1-2 log Y& FF, 3T FES B
=
-+

2 o X ekl
>

2
Y

Table 3-21. Distribution of general bacteria, E. coli, Salmonella spp.

and Listeria spp. in pork meat purchased from conventional butcher shops

Distribution
ND <10 <10t <107 <100 <10t <100 <10f

General bacteria _ _ 9 20 54 32 13
(cfu/g)

E.coli (cfu/g) 91 4 16 13 3 1 - -

Listeria spp.
(MPN/g)

Salmonella spp.
(MPN/g)

102 9 12 5 - - - -

125 1 2

Table 3-22. Distribution of general bacteria in pork meat purchased

from conventional butcher shops by season

General bacteria Distribution
(cfu/g) ND  <10° <100 <10° <100 <10 <10° <10°
(375) - - 1 3 12 4 - -
o] & (678) - - - 7 12 14 2 1
7}H&(9711) - - 8 8 14 7 7 1
A%(1272) - - - 2 16 8 1 -

AE&Y Listeria serovar(Table 3-24)= L. welshimeri, ivanovii, monocytogenes
L.

AL L. welshimeriZ7t 714 ol AE %At
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Table 3-23. Distribution of E. coli in pork meat purchased from

conventional butcher shops by season

Distribution

E.coli (cfu/g) 5 - 5 5 - - 5
ND <10° <10 <10 <10 <10 <10° <10

E(375) 18 - 1 1 - - _ _
o E(678) 16 4 11 4 1 - - -
7F& (9711 36 - 1 6 2 - - -
A4(1272) 21 - 4 2 - - _ _

Table 3-24. Serovars of Listeria identified and number of positive

in pork meat purchased from conventional butcher shops

Serovar No. of positive Positive (%)
L. welshimeri 15 11.7
L. ivanovii 7 5.5
L. grayi 7 55
L. monocytogenes 1 0.8
total (n=128) 30 23.4

10°-10° o7 u Sz S35} v aale] A
53t FFolQ oy Listeria spp. & F5& =2 ZoR yeut. a8y L

monocytogenes+= =% A &}
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Table 3-25. Distribution of general bacteria, E. coli, Salmonella spp.

and Listeria spp. in pork meat obtained from school foodservice program

Distribution

ND <10° <10' <10° <10® <10* <10° <10° <10” <10® <10°

General bacteria B B 10 48 44 8 1 1
(cfu/g)

E.coli (cfu/g) 61 - 28 19 3 1 - - - - -

Listeria spp.
(MPN/g)

Salmonella spp.

21 62 13 8 7 1 - - - - -

112
(MPN/g)

Table 3-26. Serovars of Listeria identified and number of positive

in pork meat obtained from school foodservice program

Serovar No. of positive Positive (%)
L. grayi 57 50.9
L. innocua 15 134
L. ivanovii 29 25.9
L. seeligeri 19 17.0
L. welshimeri 24 214
tota 1(n=112) 144 128.6

2. 999 =59 A% % 2 A vAE W)

7}. Salmonella 2.9 =59 A&5 #4 W3}

Salmonella typhimurium (DT-104, ATCC 14028, 6994, PT10, PT30) 5% <
cocktail 8ke] Eel 10 10" #Fo2 292 B 0T, 10T, 103 0TS} 1
0CE Wzol 1¥44 AFsAA Salmonella 2 W3S XLD agars |83}
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o] counting 3 Ay (Fig 3-1, 3-2)°]t}. 0C AF A= =7
AT 10T AFoNME wmaA FH8 107 FFe2 oF A 45 o 49

[¢)]

(logCFU/g)

Salmonella typhimurium

0 2 4 6 8 10 12 14 16
Storage period (day)

——0TC —®—10C —&—0~10T

Fig. 3-1. Changes of cell counts of Salmonella typhimurium cocktail(DT-104,
ATCC 14028, 6994, PT10, PT30) inoculated in pork with the level of 10°
cell/g meat during storage.

Salmonella typhimurium
(LogCFU/g)
S

0 2 4 6 8 10 12 14 16
Storage period (day)

—-0C =10C »0~10TC

Fig. 3-2. Changes of cell counts of Salmonella typhimurium cocktail(DT-104,
ATCC 14028, 6994, PT10, PT30) inoculated in pork with the level of 10°
cell/g meat during storage.
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gho] %7] JE 29 207F F9ow 10° F29 A9 6Y vl 267t =i
ol =Foll Salmonella7t L AENS A AF 3o W Salmonella 2
WHolE o F3el7] 9% A2 &8t

. Listeria 29 =59 A&AT o4 Hg

Listeria monocytogenes (ATCC 7644, ATCC 19113, ATCC 191145) 3%&
cocktail 8t¢] =&l 10° #F07 2dAZ & 5 8 10Tl A A1~
AAsta #4E SAHT A3 Fig 3-3% 2o o] A= v USDA PMP

W AET A AGAL BEely] gste] Qojn Aol

2d

ok r:u

mlo

Listeria monocytogenes
(log CFU/g)
N w H [4)] [e)] ~ (o] © o

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Storage period(day)

—--5C -+ 8C ®10T

Figure 3-3. Changes of cell counts of Listeria monocytogenes cocktail(ATCC
7644, ATCC 19113, ATCC 19114) inoculated in pork with the level of 10°
cell/g meat during storage.
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o 28 Al =5 T vAEe A gy
1) 94 F"l 93k x4
T4 5mm?ol E5&

g ol Ya A 2o mE AR 2k WikE
=

43 A= Fig 3-49F 24 =3 =59 Salmonella typhimurium (DT-104,

ATCC 14028, 6994, PT10, PT30) 5%< cocktaildr th& 10° CFU/g meat 5%

e AR v 7k AR st Wsk= Fig 3-59 29kt ARkl =5

o
fru
o
2

ZYWH BRS ol&e AF 2k, T 72 AL HAE wY Sl T &
T W3k Table 3-27, 3-28% #Z4th. 22 =9 5 7hd Abe AH88t9 =
Ad e WX melA xg $ Faae Zol7b ol 190, 220TC E T4 30
(ARG 102 tAo2 FR= 497F AbEEo] wokth B3 =52 FAd 9
g Aol= F Ao yey e FA0 =55 FAE 2ddte] =93 4
FAC o7 FFol F Aem YEA FAVE FAEFES ARl FEdt
ofof S & F AT

o e A N S
R

- R TIPSR S
P - i St
A e e e

Termperaturel )

0 20 40 &0 80 100 120 140 160 180 200 220 240 260
Heating timelzac)
- HHT - BT .- BRT = 10T - THYT — 0

Fig. 3-4. Changes of internal temperature of pork meat (thickness 5mm)
depending on the cooking temperature and time.
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NN W A~ 01 OO N
T

Salmonella typhimurium
(Log CFU/g)

—
T

0 % >
0O 10 20 30 40 50 60 70 80 90 10 11 12
0 0O O

Heating time (sec)

—4—-55C ——60C ®—-65C —0—70C —X-75C ——80°T

Fig. 3-5. Changes of viable cell for inoculated Salmonella typhimurium

depending on the cooking temperature and time.

2) B3 93 27

7H A ukA| S0 W3}
Aol AFE3FE =80 27| *M#—t— 5, 7 mm A& EFA 10° CFU/g A=
992 HHE 28

B9 102
b 02 Az WAl AEHA B, T mm T

oA 5 mm FAE Al A

Al A8E 60% 7F92 10° CFU/g A% AZFHU 10029 7Fgelx 10
CFU/g A% AZHAd =3 30% 4oz HHe A8 49 5 7mm F
7 B A 60%°] 7tE=E #4547t 10" CFU/ge 2 9tk o v 5 mmE 120%

AE8S A9 ol HEHA %o, 7 mm T AEE 180%9 IR

o] A9 AldslE ARE Itk 220C9 dAHFAA 10%2 992 AQdE A4S

5mm F79 AlgE 40% 79 = 10° CFU/g, 7 mm A &E 10° CFU/g A =7}

A qto]l AasPon, 8% 7tAR F A FAY AR BF o] HEHA &

gkt 220°C 30% Ao ® HHE Ao 120%9 7FE9E 5 7 mm A&
o A o]l HEE A ek gkth(Table 3-27, 3-29).

- 110 -



Table 3-27. Viable cell number of pork (5 and 7 mm thickness) after cooking

with 10 sec interval of turn pork upside down at 190 or 220TC.
(unit: CFU/g)

Temperature Total heating time Thickness (mm)

(C) (sec) 5 7
0 1.6x10° 1.6x10°
40 5.3x10° 85%10°

190 60 8.0x10% 2.1x10"
80 NDV 75%10"
100 ND 3.8x10"
0 1.6x10° 1.6x10°
40 3.6x10° 1.9x10°

220 60 5.8x10" 3.6x10"
80 ND ND
100 ND ND

1)ND:Not detected

Table 3-28. Viable cell number of pork(5 and 7 mm thickness) after cooking

with 30 sec interval of turn pork upside down at 190 or 220C.
(unit: CFU/g)

Temperature  Total heating time Thickness (mm)

(C) (sec) 5 7
0 1.6x10° 1.6%10°

190 60 1.0x10" 1.0x10"
120 NDV 6.0x10°
180 ND 3.8x10°
0 1.6x10° 1.6x10°
60 6.3x10” 1.0x10"

220 120 ND ND
180 ND ND

1)ND:Not detected

W) Salmonella <3 3+
Salmonella typhimurium® %7] #% w5+ 10° CFU/g $Fo19oH 190C
oA 102 @92 HHo 7td3ls A% 5 mm ABdA 60%e A= 107
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CFU/g 522 w57 291503, 80%9 7492 o] AEHXA gk, L
7 mm A ®IAE 60%9 7t & 10" CFU/g $3019o™ 5 mm F7 A &oll A
o Zro] 80x°] 7FEE o] HEHA LUt 220TolA = 102 d=E A
o 5 mm A& Ag 4029 7tE® 10’ CFU/g AZHAR, 6029 7w o
o] A&HA &oth 7 mm A FENAE 40% 7FE R 10° CFU/g, 80%9] 719 =
ol HEHA Fdrh 30x HAow FAAE A #5E 190TolA 5 mm Al
TE 6029 7t9R 10° CFU/g 302 astgon, 120%9 7td= o] 7
Z¥ A ki, 7 mm ABIAE 120%9 7tdE 10° CFU/g 522 1
180 AE 7FEE @llof o] HAE=o] HA ATt 220ToA = F 7HA FA A
B 120%00 4 AbE a9 tH(Table 3-29, 3-30).

Table 3-29. Viable cell number of Salmonella typhimuriums cocktail of pork(5
and 7 mm thickness) after cooking with 10 sec interval of turn pork upside
down at 190 or 220TC.

(unit: CFU/g)

Temperature Total heatimg time Thickness (mm)

(C) (sec) 0 !
0 1.6x10° 1.6x10°
40 1.1x10" 3.8x10°

190 60 3.8x10° 4.3x10"
80 ND ND
0 1.6x10° 1.6x10°
40 8.3x10° 1.1x10°

220 60 ND 8.5%107
80 ND ND

1)ND:Not detected
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Table 3-30. Viable cell number of Salmonella typhimuriums cocktail of pork(5
and 7 mm thickness) after cooking with 30 sec interval of turn pork upside
down at 190 or 2207C.

(unit: CFU/g)

Temperature Total heating time Thickness (mm)

() (sec) 5 7
0 1.6x10° 1.6x10°

190 60 1.3x10° 2.4x10°
120 ND 1.3x10°
180 ND ND
0 1.6x10° 1.6x10°
60 1.7x10° 2.8x10°

220 120 ND ND
180 ND ND

1)ND:Not detected

t}) Listeria <93}
Zul® 7] Agel HES x7) Listeria 5% 10" CFU/g olglem, o] &

ol g3l 7td %Y E ¢ F A= 190TCAA 10x @92 HA=
7F92 5 mmE 10° CEU/g, 7 mm+ 10° CFU/g A== o] HAstda, n 4

% A& 5 mmE 0%, 7 mm AlEE 100% %tk 220To &= 60%2] 7}

2 5 mm¥ 10" CFU/g,, 7 mmE 10° CFU/g® w57}t goq =91
Zo] 5 mm Al®E 80%, 7 mm AlZE 100204 o] HEHA e%a’kuk 30%
AR HPor Fir APdME FL& 60x9 7}@; 5 mm Al&E 10
CFU/g, 7 mm A &% 10° FU/g S0l Holew, v AF A= 47 120
o} 180% %It 2o AE 609 7FE® 5 mm A=E 10° CFU/g, 7 mm A&
= 10" CFU/ge 2 gtasiglon], 747 S o] 120%, 18029 7td=

o] AE5A &t (Table 3-31, 3-32)
Rhee 5 ground beefoll A %8 =A< =293
&S vwste] B v ok ojw) A grill, &
7] S ol &etded 1 An, o
&

H
ooelel W HAE A, FUOE § gills ol&sHe Aol B muHolgn
stk B APAME ol fAg ANE ol 30x BACE NPt And
0% #7402 99s 297 VAR Al o Zahdelit Eak B AT
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Table 3-31. Viable cell number of Listeria monocytogenes cocktail of pork(
and 7 mm thickness) after cooking with 10 sec interval of turn pork upside
down at 190 or 220C.

(unit: CFU/g)

Temperature Total heating time Thickness (mm)

(C) (sec) 5 7
0 3.8x10" 3.8x10’
60 75x10° 1.3x10°

190 0 ND 5.8x10”
100 ND ND
0 3.8x10" 3.8x10"
60 7.3x10" 2.2x10°

220 80 ND 1.1x10°
100 ND ND

1)ND:Not detected
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Table 3-32. Viable cell number of Listeria monocytogenes cocktail of pork(b

and 7 mm thickness) after cooking with 30 sec interval of turn pork upside

down at 190 or 2207C.

(unit: CFU/g)

Temperature Total heatng time Thickness (mm)

(C) (sec) 5 7
0 3.8x10" 3.8x10"
4 5
190 60 3.3x10 4.0x102
120 ND 3.0x10

180 ND ND
0 3.8x10" 3.8x10"
%0 60 6.8x10° 8.3x10‘1‘
120 ND 5.5%10

180 ND ND
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Fig. 3-6. Schematic Presentation of the Model

t}. % (Marketing) Module
1) serving =7]¢] A=A

2 Ry BA4L2 HFaudAdA BAARAAESY AdS Hrtstal ve
AAE A= Ak AN =59 A9 =FAlA 1A Tt & Zul/
S7tEAANA A EAE A Jheta, Al AujaA oA serving size® A
e dAvjstr® olE e AAA BT RYPS strlde B ol Fol
acth g B RFME e r 1x =EHAdA RE A7}
serving size® AYH T o] Z}7Z+9] serving £¢ FEIHHA LdFHE AHow

7R3t wElA =89 serving sizeE A AAto]oF i

o)

Hdes shgl7] witel o]

tlo

4) ¥ mFe] 7|gtol¥l USDA998)e] dA++ A



20019 %= =+l

R

serving sizet

HHA} =ae)

1o
Ny
-

o

2]

serving size = 344.4g

o)

Ny

o

X

)
T

o
e
o
o
oy
‘A

Zle)el W 7] 1vkg]e] A 52 9F 51.30kg S

o]F Hio] 445kg, Aol 864kg AWALEE Aom eyt

% 25.52(=13.09/51.3)%7}

15

A

£

T

o
R

2 Uebgth
ukekA 75

FeF2 191,400 &0 =

A
ful

B

E-2+9] serving

} ol
=

A
191,400x1000x1000/344.4 = 555,749,1297}

o~
T

serving 17 2712 Y4

T
1o
ok

—~

N

o

HAREAU%)F F7HEFAABE)N A F3H

o))
i
-

g
a

A Al

2 3}

=
so

3
s

Ho
—_

bol, £7b

S

12 srow w

)3

=

7HEAA, AAA] S el A
Zbe/EmE molA doj: Zrjel A S7bE g A

N

webd mgsst mumd F9d 5

4 St
- 118 -

I3

]
=3

¢

Brolt},

pu
L

serving sizeZ7} A& 1712 A

}

k)

AT

g vE ads By g



Fig. 3-7. Marketing Channels for Pork
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Fig3-8. Simplified Marketing Channels for Pork
ZEEA
& ESYLY 700,114 ton
ST E=FYLY 700,114 ton 1.00000000 & =L Motz & AT=ES M| g
UEAH-SAY e 178,669 ton 0.25520000 & It MM 5 MHAU-S4 M|
HHMA-SA Sserving A 518,783,661 serving 344.4000 SA-AMAM HRHZF MESH(0)
Infonella 2% Y& S-4HA serving RA 2,530,652 serving 0.00487805 P1; Salm 1&t 2¢ &g
SEIIZcA (SIS ST/ MA FES 1 /AR =/ Lo Ab) M seving F 27% & 424 (2 Sau| ol @
FScHAolM 1-2X2¢ serving 4,084,802 0.0079 P12; RSCHA listeria M A 2H | & (1 xp+21 )
1xoll M2k 29 serving 5 2,523,034
1-24t5 % 2= senving 5 7,618 0.00001469 P1P2; 1At FCiA2AI2H E &8
2xtoll A A2 E serving 5 1,554,150 0.00301044 P2; 2X12% &8 (=AIF+5 %)
(sfohFEctAolM 12X 2 servingg= 4,084,802
FEYA (Y EelntE 5)
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Fig. 3-9. Definition of Variables for Contamination Prob. Module

Tad No of Servings Prab =1 Totd No of Servings Prdo=1
P‘|

P1 P2

Total No of Servings Prob.=1

‘9 P1+P2AP3
(XL,

Fig. 3-10. Sample Probability of Contamination

Tad No of Servings Prdo=1 Toid No of Sevings Prab=1
P1

Pdlf"

Total No of Servings Prob.=1
P123
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sEA R 9o A #= 7hd SdSE(EE 299 AEF)S

Pl; 1zke] 298 Alg55

P12, 1-22F Sdo] FE o] A &2 AlagSg (A g

P123; 1-2-32 o] o] AA &2 Al5F (A &8)

Solth. $9 FEES adoZ Yedd feo a9 2o F P12 HHE
o] 7bsatA gt P2, P3 5& AFH #AZHo| 7lsdkA Eau AxS EFdto =4
ol sttt &, § 2GAIREH A= serving Sl WA R w0 Ay
1794 298 A A F= Qo 234 odd A = Uk wEkA
3E(P12)S ¢ g

P12=P1+P2-P1P2

=>(1-P1)P2=P12-P1

=> P2=(P12-P1)/(1-P1)

=, P13 P12 #57bsstne P28 Zatd o givh B3 P123E <4 e

fu -

’

P123=P1+P2+P3-P1P2-P2P3-P1P3+P1P2P3 =>

P123-(P1+P2)+P1P2=(1-P2-P1+P1P2)P3=>

P3=(P123-P1-P2+P1P2)/(1-P1-P2+P1P2)

wzkA P3E 38 4 vk o)A Pl, P2, P3, P1P2, P2P3, P1P3, P1P2P3 & <&
a er g o %o} Fo] YA FESEX Aol sMesith
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Table 3-33. Algorithm to Acquire Necessary Probabilities.

Probability of Contamination Calculation Method

1st Stage P1-P1P2-P1P3+ P1P2P3

2nd Stage P2-P1P2-P2P3+ P1P2P3

3rd Stage P3-P1P3-P2P3+ P1P2P3

1st and 3rd Stages P1P2-P1P2P3

2nd and 3rd Stages P2P3-P1P2P3

1st and 3rd Stages P1P3-P1P2P3

All stages P1P2P3
oltjgt }AS AAH AA 7 LA EH oo WE 7 P59 24 serving TA
s AHRd b 2o

Table 3-34 number of Serving and Probability by Contamination Origin -

Salmonella
Origin of Contamination Dept/Chain Store Meat Store
no of Serving Prob no of Serving Prob

1st Stage 704,316 0.00484868 1,117,554 0.00478707
2nd Stage 433,848 0.00298671 688,397 0.00294876
3rd Stage 435,162 0.00299576 3,633,385 0.01556369
1st and 3rd Stages 2,127 0.00001464 3,374 0.00001445
2nd and 3rd Stages 1,314 0.00000905 10,971 0.00004700
1st and 3rd Stages 2,133 0.00001469 17,811 0.00007629
All stages 6 0.00000004 54 0.00000023

Table 3-35. Number of Serving and Probability by Contamination Origin -

Listeria
Origin of Contamination Dept/Chain Store Meat Store
no of Serving Prob no of Serving Prob

1st Stage 2,591,948 0.01665672 3,966,556 0.01586070
2nd Stage 1,244,999 0.00800078 1,905,269 0.00761842
3rd Stage 20,883,481 0.13420419 43,566,222 0.17420419
1st and 3rd Stages 24,776 0.00015922 37,916 0.00015161
2nd and 3rd Stages 199,623 0.00128284 416,444 0.00166520
1st and 3rd Stages 415,592 0.00267073 866,989 0.00346675
All stages 3,973 0.00002553 8,287 0.00003314

9 EE RW YA A bR G ede] Yy Reln 23 F5 o
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v, 8 YA v A=A (Growth) Module

1) Gompertz Equation

B AYAEo] S-curved LE|w AAstn Aol e E WAdn A
=% S-curve®s 1™ AFAste Zigi 7} 3tk ol USDA<® PMPe| 7}
Aol71w st o] 7HA T FEpU HAdAdn A=Y A4S 7EE + U4
Aqk X Ao A= USDA PMPolA AF84¥ Gompertz equation(Gibson et al,
1987, 1988)= A= 7H8etn AEEIES =0t Gompertz A 7d=4d
& oo Al oate] Fojxlth

L(t) = A + C expl-exp[-B(t - M)]}

714 L& A7t o o] 9% (%= Biomass; Logl0)o]a Ax t 7} F-3h
of #Fad W L, &, 27 9= 2t & 5 dnh C= t 7F 733 5ol
F7HH o E Eold & Ade HUA, F, F7H VA e L97bsAol
gtz g 4 v, USDA(2006, page2)= MPD(Maximum Population Density;
Carrying Capacity)”} 1009710711 cfu/ml (2= 9 In ~ 10 In) olgtxx 3FaL Ao

o= CilO*AE]'F’— A= FE7F ot AZHET. gSdAMsE CE A3t
g2 "HeEol A9 AxbEAXE JME Lolru FHAR JME S AFEA
5}5 BE AuldAddEolgta & 4 Qo M 2 g Fu7tEe AA,
=, } S—curve 9 = #(Inflex Point) o]gta & 4 it}

USDA 9] PMPeo A= Salmonella 9] 7§ Gompert equatione AF&3}4] &1 t}
5 22 AFRYS 23 9

Y = Baseline + Increase

Increase = 0 if X < &

5 L, A, C & Logl0 @9lo]w, B2 Hl&, M¥ t&= Algto] w9jo|t},
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FRHE7IE S 7 A olFE EF3stofoF st
7] W&o USDA PMP ¢ 283+ th24 Salmonella’®= Gompertz equationS
o] &-3lo] R¥3t AT, SalmonellaE Gompertz equation .= 233k &
o] = Gibson et al. (1987)& & & At} tholA = Gompertz equation 9 43
824 shystyel dis] AAs] Agst=E skl
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Table 3-36. Sampled Level of Contamination at each Marketing Stage

(MPN/cm®g)
Slaughter  Processing Dept/Chain

Pathogen Plant Plant Store Meat Store
Salmonella 1.2100 10.3600 0.8000 12.4000

Listeria 4.1880 132.7400 3.5000 6.4000
TAE FedAlE AANHEA L9957 TS AHE U F AR ST
A oolg A LEETE wEEleE Ae & & QY ole =EF/SUME TR
o A1 2] sampling protocol@} WA 2] sampling protocole] thEelA 7]elsit}
Z 23R/ FF AN E BAe A7 A7) Wi 10x10 cm® A% Al 29
xS SW&DDng g = O]% HjeFstol LAEE SAsh= Wk, W H/ASH
M= 256g HES AEE mincedt F o|E & o] Y vAES FE3}9]
HAE s SA% melA mAEe] o Aol s 4 el gtk
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ek B Ao A= o] 2] g sampling protocol®] o]l & At #H(normalize) 3} 7|
?] 8k E%— b/&7bsadel AR 2717F 10x10x10 cm32 7F438kal o] S thA
1000g 2 7H48 ¢ thlem3=1g). Wektd “54/S7133%e A8 a7t &
WAl A0 ol B, EHA/FIHFEF AR Avlel 1/40& ek
o] A3} vt o] 91¢ #7F HEH A

Table 3-37. Normalized Level of Contamination at each Marketing Stage

(MPN/g)
Slaughter  Processing Dept/Chain
Pathogen Plant Plant Store Meat Store
Salmonella  0.0303 0.2590 0.8000 12.4000
Listeria 0.1047 3.3185 3.5000 6.4000

npxjeto 2 9o QAT +E= serving 1 ©9le] 2GRV olYER  ThA
11.41(=serving 2 7]/A &3 7]=285.17/25)5 ¥ 3l serving 1 99 d 29 =E A
Abatglom olE R o] &&te] 1 serving & VAEALGEG o] &ttt

Table 3-38. Normalized Level of Contamination at each Marketing Stage

(MPN/serving)
Slaughter Processing Dept/Chain
Pathogen Plant Plant Store Meat Store
Salmonella  0.3451 2.9544 9.1256 141.4466
Listeria 1.1943 37.8541 39.9244 73.0047
123 292 919 273 o83t 2k, 3x 7K AFES AEsta, 2ak A 2

]_
de dfol= #1922 2718 Ao AT 1AfelA o9 E

= wa2aE A%
oloj A= Ag-ol 2749 AT ol 2VHS W9 HAFLd

E7F H =

3) /104 X]—E(B)
Listeria®] 2342 98 AFAEDB)S
of Ao At X TE B AfgA T A
=t

189 ARE AT A4 FAFAt F

T3t F424& USDA(2006) 5
3}E reproduce & F gllorn=
S 7

3 e $rE Agsdon,

Ln (B) = constant + bl*Ln(Temp) + b2+Ln(pH)+ b3*Ln(NaCl)
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FAst7] flste] USDA(2006)¢] Table 2 ° Sl A&E

Table 3-39. Coefficients for B(Listeria)

consant LN(Temp) LN(pH) LN(NaCl)

Coefficient -6.2042 1.5461 -0.3972 -0.1217
t value —-7.8390 26.6300 -1.0004 -3.0608
*R?=0.92

Salmonella ¢ 739+ Gibson et al (1987)¢] A7 A& 7Fsdled, AFEHo] &
hE B —irxéﬁuL & a2 AREEAT S,

ILn B = -235 + 1.496+«NaCl + 0487+temp +4.29+%pH 0.0608*NaCl"2 -
0.00563*temp™2 - 0.293xxpH"2 - 0.0126%NaCl*temp - 0.171*NaCl*pH -
0.0124*temp*pH

4) o dA1 = M)
Gompertz equation ¢ ©& F Q3 HE7F vlE2 M d °o]= S-curved W
(71€&7] =& AAEo] Hu7l H&= &)S vebdY. o] 9A] Listeria®l 4

o
fr o

Table 3-40. Coefficients for M (Listeria)

consant LN(Temp) LN(pH) LN(NaCl)
Coefficient 9.4130 -1.6054 -0.8490 0.1887
t value 18.3188 -42.5913 -3.2935 7.3106

*R2=0.97

Salmonella®) ME FAst= A% 9A Gibson et al (1987)¢9] A7 A& 7}
Fote], AT AE Mo FATTE IR AT S,

Ln B = 2919 - 0.409+NaCl - 0.5518+temp - 6.02+#pH + 0.0924*NaCl"2 +

0.00771*temp™2 + 0.448+xpH"2 + 0.00118*NaCl*temp + 0.0166%NaCl*pH +
0.0136*temp+*pH
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vl & o] 229l Parameter ¥ &

29 B MS &% (temp), NaCl, pH ¢ &5 ot} &xx= X7ty 37 =
AT F8 WHFolmg Y% B8 Ptz 5 F7HHQ 4 o] o]Fo] Hu}.
ol 9lo] kAo 7] wiie WMGTF ofd A

A% pH ¢ NaCl ¢ 4% =
T2 FHFeAh 5, pH & 5.6

tlo

7Hd e 3, NaCl2 0.1%E 7HA 3k 3t

Ab = el

o\

FH AMHERAE MARFE) 2 AAH Fo.

it

Table 3-41. Number of Contaminated Servings and Level of Contamination

(Salmonella)
Small Meat Store Dept/Chain Store
C s f : : no. of Contamination no. of Contamination
Origin of Contamination contaminated Level(Logl0 contaminated Level(Logl0
servings CFU/ml) servings CFU/ml)

Slaughter Plant (S) 1,117,554 -0.3499 704,316 -0.3430
Processing Plant (P) 688,397 0.5207 433,848 0.5270
Retail '(R) 3,633,385 2.1657 435,162 0.9837
S then P 3,374 0.5756 2,127 0.5820
P then R 10,971 2.1754 1,314 1.1138
S then R 17,811 2.1670 2,133 1.0037
S then P then R 54 2.1767 6 1.1287
Tota@ no. of Contamlnated 5,471,546 1.578.907
Servings upto Retail
Weighted Average of Estimated 98 .54 3 81

Contamination Level (MPN/cm2)

Average Contamination Level
of the Samples (MPN/cm2) 12.40 0.30
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Table 3-41. cont’d.

(Listeria)
Small Meat Store Dept/Chain Store
s f : - no. of Contamination no. of Contamination
Origin of Contamination contaminated Level(Logl0 contaminated Level(Logl0
servings CFU/ml) servings CFU/ml)

Slaughter Plant (S) 3,966,556 0.3457 2,591,948 0.6286
Processing Plant (P) 1,905,269 1.7058 1,244,999 1.9488
Retail '"(R) 43,566,222 1.9617 20,883,481 1.9459
S then P 37,916 1.7243 24,776 1.9691
P then R 416,444 2.1533 199,623 2.2484
S then R 866,989 1.9721 415,592 1.9663
S then P then R 8,287 2.1600 3,973 2.2587
Tota@ no. of Contamlnated 50,767,683 25364390
Servings upto Retail
Weighted Average of Estimated
Contamination Level (MPN/cm2) 83.48 80.51
Average Contamination Level 16090 67 50

of the Samples (MPN/cm2)

HolA 2¥ o A3 (Weighted Average of Estimated Contamination Leve)
= FH =X (Average Contamination Level of the Samples)®t vl & Bd A
SAo A9 Listerias A3staE 1 Logld Y el st 988 &
A

AAE f1EA %74] U= _I_E'H‘ﬂﬁﬂ«] @27t o =
= EE5-7be/Ev v wA Bl
Soly HAELS v§ e S & F k. = A
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gov wet

Imogorov-Smirnov test ¢ AFSFAI T tail value
EE AEE

Ko
Tl 3ol o EYHoltt.

S
2t} Kolmogorov-Smirnov test

N}

Anderson-Darling test +
of Bt} FxHE&
2-2 K-S T+ Kolmogorov-Smirnov Test.
Kolmogorov-Smirnov test i TF3F=(number of bins)ol|l 2]&3d}A|
/] Chi-Square test Bt} 733k test 2tz g & At} o] testE
AREE = AT BAS BEXFSo s 2 F
o] &H F st tall RS & el A Edue d vk
2-3 Chi Sq, or Chi-Square Test.
Chi-Square test &+ 7 &ty o=w o] Al&x = A (goodness—of-fit)
testo]t}. Chisquare test: sample input data 2 ojw3l Fejo] R x4 (A%
EE EdH)d & 2d & ve Holg, @i ks Adste e U E
o] glth= Holth oW g QM= T2 A8 E 2UHdE FHE %9
ARt =t e o2 285 UE 5 9 wep B = A-D test
of ozl wiAZ FTA 2t FEE AEeta rEHA & F3] A-D test
of oafr Mele FEE7} AA BE¥XE & dtdsix] Eiv= ddo] 98
g 2xXs Agedn).
A A, B E5-duy-2a7tA] dEs AS 24 Uds &
TEXE FASAL, SUEEE Agode ool EZTEA] AR 2ALE o]
i, oAl HyAZlo] FeEE o] 9lormg As AS & £ Q. wet
A 15T1I8AIZE A AUt dEvbe] A F3hgE Bk 18AIk] stk
AL FE3le] 1TAE FHo= 33 158 HA, 188 HuU= o+ 443 =
XE JFASIE T UM A AHEY A= F4935 @Risk 9 BestFitg Al-&31o]
E¥E ZA33 A-D test ol 9% ranking = A& 3515t}
ol E9 ATE FElgle] RV FAHAE, Fold wkek e &3] Azt
3= A FEE(Normal Distribution)d] A gE 79 Zelw 7] dAE5x dZEZo g
skew ol e A7 dEEoIAY}. vpAHow L AIZF BE YIS
Axo] IS = F YJo2Z Truncate HEHS ALE3to] EHadA vy

nYE] ARE VMR KIEHE AT oS ol#EA A" &
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Fig 4-1. Temperature at Slaughter Plants

Uniform(-6.3158, 21.316)
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Fig. 4-2. Temperature at Processing Plants

Loglogistic(-3.9725, 10.047, 4.3501)

0.35

- 134 -



Fig. 4-3. Temperature at Dept/Chain Store

LoglLogistic(-2.0741, 4.2470, 1.1270)
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Fig. 4-4. Temperature at Meat Store

LogLogistic(-8.8178, 11.090, 2.8923)
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Fig. 4-5. Duration at Slaughter Plant

Loglogistic(-10.877, 29.750, 5.0792)

¢-,0} X seneA

< 90.0% 5.0% >
5.79 42.24

Fig. 4-6. Duration at Processing Plant

Triang(15, 17, 18)
Trunc(15,18)

90.0% [N
15.548 17.613
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Fig. 4-7. Duration at Dept/Chain Store

Normal(58.200, 42617)
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Fig. 4-8. Duration at Meat Store
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5. Simulation 43}

¥ output AvdAI(MEH Y ASH)Y 152
d, 2-3x2.d, 1-332.9d, 1-2-3x2.9 9 WEFE 9%
3 outpute® Atk HIEghIRER

ahol mojalgln.

=
=
ol &= o] FS HFE outpute =

Table 4-1. Simulated Contamination Level of Salmonella at Retail Stores

Min. Mean Max
Dept/Chain 355 121,740,900 = 10,035,380,000 =
Store ) 1.22x10"8 1.00x10"10
120,630,100 = 10,058,970,000 =

Meat Store  95.17 1.21x10"8 1.00x10"10

Table 4-2. Simulated Contamination Level of Listeria at Retail

Stores
Min Mean Max
Dept/Chian 0.8 640.707.300 = 9.608.930.000
Store : 6.41x10"8 = 9.61x10"9
614.809.800 = 9,786.857,000
Meat Store 81.88 6.15x10"8 = 9.79x10"9

=, ==ek ARbe] Thed B Z29s Zb 7 10,000814, 10,000°270 9 29t o =
simulation¥ A3 Salmonella7t A +FMin)¥ 3w (Mean)el A= Listerias
a3l st AR, HdFEMax) el Ao edes F HAAA =L, F5dA ol
slof Al Wlg 100 2 AEAL F A
zb ety i A5 Ao A Y Salmonella®t Listeria -T2 simulation 235 ThA]
BestFito = fitting AlA Webd Z¥E°] oy Zdel veh low, iixte #
A A E ool Haxol k. 7l Y dE s FEdAAY %7}
7h ZsHA thso® alEre A Y Alzte] 7 RIZEsHAl e daEol 9
< HA = Ao®E e
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Fig. 4-9. Distribution of Simulated Contamination Level of Salmonella at
Dept/Chain Store

Gamma(3.2603, 116238087) Shift=-257226461
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95.0%

Values x 10™-9
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Fig. 4-10. Distribution of Simulated Contamination Level of Salmonella at
Meat Store

Gamma(3.2466, 115010793) Shift=-252765632

25

1 X <=513,455,405
: ' 95.0%
o | 1
!
o 151
>
0
3
o 1
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05
0
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Fig. 4-11. Distribution of Simulated Contamination Level of Listeria at
Dept/Chain Store

Expon(640707276) Shift=-223535

X <= 32,640,4 X <= 1.92E+09
16 5.0% ' 95.0%

08

Values x 107°-9
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Fig. 4-12. Distribution of Simulated Contamination Level of Listeria at Meat
Store
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Table 4-3. Regression Sensitivity for Overall Listeria Contamination. Level
at Dept/Chain Store

Temp for Serving
Contaminated at
Dept/Chain Store

0.332

Duration for Serving
Contaminated at
Dept/Chain Store

Temp for Serving
Contaminated at 0.038
Slaughter Plant

-1 08 06 -04 02 O 02 04 06 08 1

Std b Coefficients

Table 4-4. Regression Sensitivity for Overall Listeria Contamination. Level at
Meat Store

Temp for Serving
Contaminated at 0.256
Meat Store

Duration for Serving
Contaminated at 0.179
Meat Store

-1 08 06 04 02 0 02 04 06 08 1

Std b Coefficients
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Table 4-5. Regression Sensitivity for Overall Salmonella Contamination.
Level at Dept/Chain Store

Temp for Serving
Contaminated at 0.354
Dept/Chain Store

Duration for Serving
Contaminated at 0.14
Dept/Chain Store

Temp for Serving
Contaminated at 0.023
Processing Plant

-1 08 06 -04 02 0 02 04 06 08 1

Std b Coefficients

Table 4-6. Regression Sensitivity for Overall Salmonella Contamination.
Level at Meat Store

Temp for Serving
Contaminated at Meat
Store

0.389

Duration for Serving
Contaminated at Meat
Store

-1 08 06 04 02 0 02 04 06 08 1

Std b Coefficients
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Fig.4-13. Simulated Weight Average of Contamination Level at Meat Store

Simulated Frequency
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LN(Temp)
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.610918
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
3.332205
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439
2.944439

.609438

.609438

609438

.609438

.609438

609438

.609438

.609438

.609438

.609438

609438

.609438

.609438

LN(pH)
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
2.014903
2.014903
2.014903
2.014903
2.0149083
2.014903
2.014903
2.014903
2.014903
2.014903
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
2.014903
2.014903
2.014903
2.014903
2.014903
2.0149083
2.014903
2.014903
2.014903
2.014903
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903
1.791759
1.791759
1.791759
1.791759
1.791759
1.791759
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903
2.014903

LN(NaCl)

—-0.69315 -9.21034
—-0.69315 3.912023
-0.69315 4.60517
—-0.69315 5.298317
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
1.504077 5.298317
—-0.69315 -9.21034
—-0.69315 3.912023
-0.69315 4.60517
—-0.69315 5.298317
—-0.69315 6.907755
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
1.504077 5.298317
1.504077 6.907755
—-0.69315 -9.21034
—-0.69315 3.912023
—-0.69315 4.60517
—-0.69315 5.298317
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
1.504077 5.298317
—0.69315 -9.21034
—-0.69315 3.912023
—-0.69315 4.60517
—-0.69315 5.298317
—-0.69315 6.907755
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
1.504077 5.298317
1.504077 6.907755
—-0.69315 -9.21034
—-0.69315 3.912023
—-0.69315 4.60517
—-0.69315 5.298317
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
-0.69315 -9.21034
—-0.69315 3.912023
-0.69315 4.60517
—0.69315 5.298317
—-0.69315 6.907755
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
1.504077 5.298317
1.504077 6.907755
-0.69315 -9.21034
—-0.69315 3.912023
-0.69315 4.60517
1.504077 -9.21034
1.504077 3.912023
1.504077 4.60517
-0.69315 -9.21034
—-0.69315 3.912023
-0.69315 4.60517
—-0.69315 5.298317
—0.69315 6.907755
1.504077 -9.21034
1.504077 3.912023

LN(NANO2 LN(B)

0.236

LN(M)
1.688249
1.766442
1.909543
2.223542
2.300583
2.231089
2.343727
2.959587
1.652497
1.646734
1.693779
1.693779
1.742219
2.242835
2.349469
2.334084
2.373044
2.388763
2.107786
2.065596
2.104134
2.925846
2.463002
2.464704
2.423917
2.697326
2.190536
2.127041
2.158715
2.128232
2.060514
2.528924
2.532903
2.632608
2.524127
2.611539

3.02965
3.097837
3.105035
3.263849
3.313458
3.828641
4149779
2.979603
3.018472

3.05164
3.054473
3.121924
3.257327
3.299534
3.283164
3.382015
3.452207
4.878855
5.160376
5.508983
5.355642
5.704749
6.035003
5.065755
5.067331
5.041164
5.028868
4.953359
5.166556
5.142657
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Table A-2-1. =532 Y nAE od% AFA3 (AXD
(unit: CFU/Cm?)

Salmonella Salmonella  Listeria Listeria

T WA T T (A4) (4 2F) (A4 (A )

12HA] & 21 3
WA EHAMn=5 4.04E+02 3.00E-01 - - - -
WEHE3(n=5) 550E+02 5.60E-01 - - - -
HZEMH 3 (n=5) 441E+02 6.00E-02 - - - -
oyl (n=5) 1.57E+03  4.67E-02 - - - -
3kl i 2.00E+00

22k A =2 F
WHAAEAn=5 7.25E+02 7.40E-01 - - - -
WAA %3 (n=5) 8.31E+02 1.42E+01 - - - -
HEAH 3 (n=5) 207E+02  1.96E+00 - - - -
oWyl (n=5) 1.61E+02  1.33E-02 - - - -
kA w4 6.20E+01

3AFA 5 A F
WA &AMn=5 545E+03 1.07E+00 - - - -
WA &5 (n=5) 159E+03 7.33E-02 - - - -
HZE M- 3 (n=5) 8.03E+02 5.33E-02 - - - -
oyl (n=5) 8.27E+02  8.07E-01 - - +(1) 16MPN/cit
kA S 7.00E+01

43X 540 3
WHAAEAn=5 1.75E+03 7.80E-01 - - - -
WAFH &3 (n=5) 2.19E+03 9.33E-01 - - - -
HEAHF(n=5) 6.07E+02 2.87E-01 - - +(1) 2.8MPN/cif
oWyl (n=5) 3.16E+03  3.40E-01 - - - -
8k A i 8.10E+01

S5akAl =2 #

WAdHEd(n=5) 2.04E+03 5.67E-01 - - - -
WEH %3 (n=5) 4.81E+02 3.27E-01 - - - -
HEAHF(n=5) 7.84E+02 3.07E-01 - - - -
oy (n=5) 6.27E+01  1.33E-02 - - - -
Yk A TS 2.97E+01

62F Al 5 20 F
WA ZEAMn=5 1.87E+02 3.73E-01 - - - -
WAAEF(n=5) 823E+02  2.75E+00 - - - -
HZFAHF(n=5 5IGE+02 6.13E-01 - - - -
AWy (n=5)  2.17E+02  9.33E-02 - - - -
SR NT”

*NT : Not Tested
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Table A-2-2. =532 344 fAE 2d% AFA3 (BAH
(unit: CFU/Cm?
. . Salmonella Salmonella  Listeria  Listeria
T AetA 74 AT (A 4) (4 2) (A A]) (42

13FA &4 #
WaAE-AMn=5 250E+03  1.30E+00 - - -
WAA &35 (n=5) 1.76E+04 9.76E+00 - - - -
HAEAHF(n=5) 2.80E+03 6.00E-02 - - + 0
YA (n=5H) 1.64E+03  4.07E-01 - - - -
bt S 2.32E+02

22X 2 A F
WA HZdn=5) 1.10E+03 1.14E+00 - - - -
WA H %3 (n=5) 551E+02 1.61E+00 - - - -
HAEAHF(n=5) 1.60E+03 8.00E-01 - - - -
YA (n=5) 599E+02  3.27E-01 +(1)  0.2MPN/cit + 0
kg 3.60E+01

32A 2 A F
WAFHEd(n=5) 1.38E+03 4.25E+00 - - - -
WAFH &3 (n=5) 144E+03 8.83E+00 - - - -
HAZFAHF(n=5) 665E+02 6.39E+00 - - - -
YA (n=5) 414E+02  1.07E+00 - - - -
E ki 1.88E+02

42X 540 3
WAHZd(n=5) 456E+03 9.73E+00 - - - -
WEH &3 (n=5) 2.11E+03  4.59E+00 - - - -
HEAHF(n=5) 142E+03  7.53E+00 - - - -
YA (n=5) 7.70E+03  2.64E+01 - - - -
bt S 1.60E+02

S5AFA E A F
WHHEA (=5 590E+03 1.49E+01 - - - -
WAA &5 (n=5) 1.88E+03 1.50E+01 - - - -
HEAHF(n=5) 1.21E+03 7.60E-01 - - - -
o YA (n=5) 2.79E+02  5.93E-01 - - - -
R NT’

62k A 54 F
WEFHZEdA(n=5) 6.15E+02 4.10E+00 - - - -
WHHEF(n=5) 227E+02  2.38E+00 - - - -
HZEMH 3 (n=5) 1.12E+02 4.40E-01 - - - -
AYA (n=5H) 436E+02  5.80E-01 - - - -
i 7.80E+01

#* NT : Not Tested
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Table A-2-3. =539 FAE vAE LH9% MFEd3 (CAH
(unit: CFU/Cm?)

Salmonella Salmonella  Listeria  Listeria

TEOSWART ARET oy aw e

AR A
WdA &5 (n=5) 329E+02 4.00E-01 - - - -
g4 E%(n=5 1.30E+03 0.00E+00 - - - -
HEAHF(n=5) 366E+02 1.00E-01 - - - -
Y4 (n=5) 1.09E+02 3.33E-01 - - - -
Satd T 6.67E+00

2744 570
WEAEdn=5 512E+03 6.90E-01 - - - -
WdAEF (=5 899E+02 4.00E-02 - - - -
HEAHF(n=5) 366E+03 2.80E-01 - - - -
¥4 (n=5) 3.69E+03 2.67E-02 - - - -
et s NT*

BN EA A
WdAEA (=5 9.09E+03 560E+00 - - - -
WA EF(n=5) 6.80E+03 1.78E+01 - - - -
HFMAF(n=5) 349E+03 1.80E+01 - - - -
a4 (n=5) 8.74E+02  1.53E-01 - - - -
St 1.88E+02

EREEE
WgAEdn=5) 6.23E+03 7.33E-01 - - - -
WA EF(n=5) 4.88E+03 8.67E-01 - - - -
HEFMA (=5 261E+03 2.13E+00 - - + -
¥ (n=5) 419E+03  1.87E+00 - - + -

et 1.78E+02

5AHA 5 A -
WdAE- (=5 326E+03 1.65E+00 - 1.53MPN/
WA EF(n=5) 254E+03 6.89E+00 +(1) o - -
HEAHF(n=5) 129E+03 1.03E+00 +(1) 2.87TMPN/ - -
¥ (n=5) 6.03E+02  2.00E-02 - o - -
ot 5.25E+02 -

(n=5) 594E+03 1.43E+00 - - - -

$(n=5) 6.83E+03 1.56E+00 - - - -
(n=5) 3.68E+03 5.80E-01 - - - -

(n 5) 1.80E+03  2.00E-02 - - - -
2.84E+02

rL”N' ﬂl{N’ :Na

B
]
l
= 5
] &
EA

]_
U]
]
EIES

a—_HJ&JN tru

ol

Al
PAR)
=
z
WA
3t

*NT : Not Tested
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Table A-2-4. =572 344 vAE 9% AFd3 (DA
(unit: CFU/Cm?
N Salmonella Salmone . 1 . I
i I b b
1AFA &4 #
WAAEHAMn=5 398E+03 1.52E+00 - -
WA &35 (n=5) 343E+03 6.40E-01 - -
HAEAHF(n=5) 294E+02 2.60E-01 - -
YA (n=5) 596E+02  7.33E-02 - -
i NT”
22 A E A F
WEHEd(n=5) 2.63E+03 2.40E-01 - -
WA &3 (n=5) 2.78E+03  4.40E-01 - -
HEAHF(n=5) 1.03E+03 3.50E-01 - -
YA (n=5H) 2.67E+02  0.00E+00 - -
i 1.68E+02
A 2 A H
WA EA(n=5) 565E+03 4.13E-01 - -
WHAAEF(n=5 4.13E+03 7.27E-01 - -
HAEAHF(n=5) 257E+03 1.35E+00 - -
AYA (n=5H) 340E+02  1.33E-02 - -
ekt 6.50E+02
AR} A B A F
WA EAMn=5 481E+02 1.67E+00 +(1) -
WAA &3 (n=5) 3.07E+02 3.00E-01 - -
HEAN XS (n=5) 2.89E+02 9.51E+00 - -
AYA (n=5H) 1.06E+02  1.20E-01 - -
ookt 8.17E+01
5AFA & A F
WAA&HAMn=5 1.32E+03 1.00E-01 - -
WHAEF(n=5 158E+03 1.87E-01 - -
HEAN XS (n=5) 1.03E+03 4.33E-01 - -
YA (n=5H) 2.42E+02  0.00E+00 - -
ookt 1.45E+02
62k A 54 F
WA Z&AMn=5 1.37E+03 4.00E-02 - -
WA &3 (n=5) 248E+03 1.27E-01 - -
HEANHF(n=5) 1.22E+03 2.73E-01 - -
AYA (n=5H) 5.64E+02  5.33E-02 - -
okt 9.67E+01

#* NT : Not Tested
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Table A-2-5. =

WU AR odE AFE3 (EAD

(unit: CFU/Cm?)

. . Salmonella Salmonella  Listeria Listeria
TE PR OWEEE gy w3 3w

12FA 52 #
WAAEA (=5 249E+03 2.80E+00 - - -
WAH &3 (n=5) 142E+03 5.70E+00 - - -
HEMH 3 (n=5) 870E+02 2.00E-01 - - -
AYA (n=5H) 467E+02 1.33E-01 - - -
ekt 2.70E+02

22 A 5 A F
WHHEA(n=5) 6.76E+02 1.20E-01 - - -
WA &3 (n=5) 7.95E+02 1.00E-01 - - -
HZEMH 3 (n=5) 3.16E+02 6.00E-02 - - -
AYA (n=5H) 9.69E+01  0.00E+00 - - -
ekt NT"®

3AA 5 A F
WAAEA (=5 207E+02 6.67E-02 - - -
WAFH %3 (n=5) 1.72E+02 1.13E-01 - - -
HZFAH 5 (n=5) 7.97E+01 7.33E-02 - - -
YA (n=5) 2.33E+01  2.00E-02 - - -
ki NT”

42X 540 3
WAHEd(n=5) 229E+02 2.00E-02 - - -
WAA &35 (n=5 187E+02 8.67E-02 - - -
HEAHF(n=5) 6.13E+02 253E-01 - - -
YA (n=5) 5.00E+01  2.00E-02 - - -
bt NT”

S5AFA E A F
WaAEAMn=5 470E+02 3.33E-02 - - -
WAA &5 (n=5 1.18E+03 2.07E-01 - - -
HEAHF(n=5) 833E+02 2.67E-02 - - -
o YA (n=5) 553E+01 6.67E-03 - - -
i 2.50E+02

62 A E A F
WA Zd(n=5) 646E+02 6.00E-02 - - -
WA EF(n=5) 9.54E+02 5.13E-01 - - -
HEAHF(n=5) 226E+02 4.67E-02 - - -
YA (n=5) 4.43E+01  0.00E+00 - - -
bt 7.33E+01

#* NT : Not Tested
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Table A-2-6. =532 344 PAE 2d% AFA3 (FAD
(unit: CFU/Cm?
. . Salmonella Salmonella  Listeria Listeria
T BEAEE AEEE gy awm (3 (3w

1A =4 #
WA AZEAMn=5 7.82E+03 4.00E-02 - - -
WAA &35 (n=5) 4.42E+03 3.60E-01 - - -
HEAHF(n=5) 4.14E+03 1.20E-01 - - -
YA (n=5) 432E+02 1.33E-02 - - -
ki NT”

22X 2 A F
WAAEHAMn=5 761E+03 0.00E+00 - - -
WEH &3 (n=5) 271E+03 2.10E-01 - - -
HAEAHF(n=5) 129E+03 1.00E-02 - - -
YA (n=5) 9.23E+02  0.00E+00 - - -
bt 1.25E+02

3AA = A F
WAAZEA (=5 323E+02 2.00E-02 - - -
WAA &35 (n=5) 5.13E+02 5.07E-01 - - -
HEA X3 (n=5) 2.12E+02 3.13E-01 - - -
YA (n=5) 7.26E+01  0.00E+00 - - -
ki 2.90E+02

42X 540 3
WAAEAMn=5 269E+03 1.33E-01 - - -
WAA &35 (n=5) 4.06E+03 1.40E-01 - - -
HAEAHF(n=5) 146E+03 6.67E-03 - - -
YA (n=5) 1.13E+02  2.00E-02 - - -
E ke NT”

5AFA E A F
WAAEHAn=5 131E+03 6.67E-03 - - -
WEH &3 (n=5) 9.23E+02 1.93E-01 - - -
HEAHF(n=5) 1.26E+03 1.20E-01 - - -
YA (n=5) 3.02E+02 2.00E-02 - - -
bt NT”

62 A E A F
WaAEAMn=5 346E+02 0.00E+00 - - -
WA &5 (n=5) 9.87E+02 3.38E+00 - - -
HFEAHF(n=5) 2.32E+01 0.00E+00 - - -
YA (n=5H) 1.78E+02  0.00E+00 - - -
i 1.42E+03

* NT : Not Tested
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Table A-2-7. =532 FAYE nAE od% AFAZ} (GAH
(unit: CFU/Cm?)
. . Salmonella Salmonella  Listeria Listeria
TE DA WEEE Tk w (ma) ("

124 24 3
WAAZA(n=5) 135E+02 1.13E+00 - - +(1) 1MPN/cnt
WAAZE5(n=5 1.20E+02 1.74E+00 - - - -
HEANHF(n=5) 4.79E+02 1.88E+00 - - +(4)
YA (n=5) 873E+01 3.33E-02 - - - -
o3kt g NT"

224X B A} F -
WA AZA(n=5) 3.84E+02 3.70E+00 - - - i
WA AE35(n=5) 2.19E+02 3.80E+00 - - -
HFEAMHF(n=5) 6.96E+02 1.19E+01 - - +(1) 0‘241;$PN/
YA (n=5) 4.43E+02  6.00E-01 - - - i
R NT”

3AA B A F
WAAZA(n=5) 6.32E+02 1.87E-01 - - - -
WA AZS(n=5) 234E+02 1.59E+00 - - - -
HEAHZ(n=5) 6.65E+02 1.26E+00 - - +(2)  7.3MPN/cr
o YA (n=5) 3.14E+02 4.00E-02 - - - -
Yahit g 1.58E+02

#* NT : Not Tested
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Table A-2-8.

= Sk AFEs HAD

(unit: CFU/Cm?)

ot

Salmonella  Salmonella

(HA)

(A=)

Listeria
(A84)

Listeria
(%)

6.43E+02
7.80E+02
2.14E+02
5.76E+02
NT®

1.80E-01
1.27E-01
8.33E-01
1.07E-01

22 A A F
W4 & (n=5)
WA &5 (n=5)
# F A4 5-(n=5)
o WA (n=5)

b5

8.93E+02
71.45E+02
6.79E+02
5.90E+02
NT®

3.27E-01
4.07E-01
2.73E-01
2.20E-01

32 E A F
W34 & A (n=5)
W4 &5 (n=5)
HEAHF(n=5)
g4 (n=5)

b s

4.51E+02
3.07E+02
1.63E+02
1.74E+02
6.99E+02

1.20E-01
3.79E+01
2.93E-01
1.33E-02

* NT : Not Tested
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A

2 % ZAHAAD (unit: log CFU/Cm?)

|

H ¢

g
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o

Table A-3-1. &7}& 7ol

MR~

e E N
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25

Listeria

(MPN/Cm?) (MPN/Cm?

Salmonella

PN
o

=

o

PN
o

No

¢
o

e
O <

B
O <R
Frofr oy
XK K

104

14.0
7.4

Ba-
ke
Frolrofr
R K

0.68
0.06

3.67
251
1.99

20+

0=
o=~

gealig
RO <R
Frofrolr

MR K

s

1%0

gl
(e]
o

LA
a5 00 b=
—

Bak-
ke
Frolrofr
R K

L —
NN 7E,wﬂ

Ne}

D~
™~
—

B
0 B Hip
TR
TR O

(unit: log CFU/Cm?)

Table A-3-1. Continued (AA})
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Table A-3-1. Continued (AA})
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(unit: log CFU/Cm?)
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A e—r—

N N

e E N

()

25

Listeria

(MPN/Cm®) (MPN/Cm®)

Salmonella

omo
o < <

gihals
O <P
SO ol

R K

-0.57

i
(e}
e}

Hoa—
O o3 <f

Bl
RO <
SO ol
KR K

il il
a.x KA ma
bl

i
(e}
e}

Ze
O~ <

Blo-
RO BH <R
Fhof ol
KKK

Bl
e

1.05

4.48

(n=2)

Hj o] o]

=~

il
(e}
O

2%
O <

gihals
O <P
SO ol

R K

-0.80

3.63
3.37
3.45

(e}

dle]
O .~
—©

=
B
O B
TR
TR oK

- 183 -



A —r— =
S RN H TH p =
E |%or o o ﬁw AN gl i i
X0 5 N| R @
3 © Tg (e 3 3 3
S g
e co— So~r Cmo Cno Cino o)
O | _ |68 bl —<< —< =< W oo~ 2o Song S oo
wo 3 S) = Lo00 <o <o O <A
— g o/\
. M =}
k) ganhis T o Bk T o B | | B Tk tnig B
k= a o B
5 R R S el pelekee ROt i 2| o) |RoMRE RomdRR Eelre NOHHRR oMkl
= Thdror  Fhoror Thorolr FRofr olr Fror ™ = Blojrofr  GRojrofr SRojrofr lojrofr AR
% _|WRR KRR NTR R R R KRR NRKK XXX NRKX NRR NP
< .mzm SO
<~ |59 £S5
Z‘.ﬂ L&m | | | [ O L&W [ | [ [ |
3 =
w2 =
| 3 S
15 55
mnwwmw | | | [ O WM [ | [ [ |
2 iR £E
T | RS G2
| A 4
%o | TR & 5 T &
lO ﬂAro ,0 ﬂ [ N I | | ‘I\I_H‘Wro ﬂ [ [ | (I
= I
- o
W A o M N o —Oor~ DO
X° | rh 2 BIKRE  FBERZES IBKE S 5| ®  NOIn BREY RIS S
Eo Mo — N—S ™ AN — = — — m No N o NO— Rt REA
o )
~ o
o
0
om ﬂcﬂ 3% O%ﬂ%m Z%ﬂﬁﬂﬂ %@m% = © Aﬂ (0] NON NN NI a8
— Il 5
T % |Te FeEss meEsszs SsssE = T 2| TE TEEE “EEEE FEEEE TE:
| |
<
- ) W#M urﬂaw} W_HWM pla M ¥ T o5 T g T aF
— 9| 9| = Pyt = Tho = oyl — ol pyiicl o 2 ! 0 A
= 2 T = T =F o = TN N Ca
3 = r o R ] R~ KOt Q — '~ T B Bn— B KO _i
& dlvA WEX X _,7117& MEZ X _,7117& -w ﬂoX X 7ﬂ__/|‘_ WIX Hl Pa ﬂx WEX X:/E‘mﬂ mexﬂﬂz‘mﬂ ﬂoXﬂﬂ:/E]__?lL E.._X_iHl

- 184 -




(unit: log CFU/Cm?)

Table A-3-3. Continued (CA})
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Table A-3-4. Continued (EA})
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Table A-3-6. Continued (FA})
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Table A-4. W&} - SAAnfEA A =59 ALE vAAE A
(log CFU/g)

) &+t | Salmonella | Salmonella| Listeria Listeria
Azl | By | =57 am
ARIASNTS S ) T ey |(MPNA) | (34) | (MPN/g)
3.57 2.61 - - -
3.22 - - - -
3.75 - - - -
2.89 - - - -
3.32 - - - -
4.30 - - - -
6.19 - - - -
498 - - - -
6.19 2.64 - L.grayi 0.384
5.38 1.30 - - -
A | 531 2.61 - - -
5.15 - - - -
5.96 2.37 - - -
5.63 1.78 - L. ivanovii 0.48
2.66 - - - -
2.20 - - - -
4.38 - - - -
1.90 - - - -
5.00 - - -
2.85 - - -
3.07 - - -
5.20 - - -
5.43 - - -
483 - - -
6.13 -
6.02 2.68 - -
2.00 -
2.61 - - -

4.35 -
3.62 0.20 - - - -
3.72 0.30 - - L.mono. 0.12
A 5.59 - S.pullorum 0.80 - -
6.40 - - -
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3.97 0.90 - L. ivanovii, 0.368
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5.96 3.08 -
5.37 1.68 - - -
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Table A-4. Continued (log CFU/g)

A7 |ne| 272 EHiJiL Salmonella | Salmonella | Listeria Listeria

B 5 (A4) | (MPN/g) (34) (MPN/g)
511 - - - -
557 - - - -
5.77 - - L. mono. 2.33
6.20 3.40 - - -
5.24 2.74 - - -
457 -

5.21 1.30 - - -
4.81 2.40 - - -
5.95 -

5.30 - - - -
5.30 - - - -
6.21 - - - -
6.47 - - L.welshimeri 0.52
4.19 - - - -
6.15 - - - -
515 - -
5.08 1.18 - Lwelshimeri 4.32
5.29 1.30 - - -
4.58 -

5.18 - - - -
4.01 - - - -
2.85 - - - -
5.48 - - - -
4.44 - - L.grayi 11.1
5.24 - - - -
4.00 - - - -
3.81 - - - -
4.26 - - - -
4.46 1.18 - - -
4.30 1.18 - - -

He | ME

12 N,

3.69 - - - -
3.71 -
3.71 2.26 - - -
4.46 - - L. ivanovii 3.44
4.28 - -
3.40 1.38 - - -
4.78 - -
4.26 - - Lwelshimeri 2.11
5.70 - -
547 1.54 - - -
4.34 -

3.49 - - - -
491 - - L.welshimeri 13
3.75 1.00 - - -
3.78 -

441 - - - -
452 - - Luwelshimeri 2.33
2.93 1.40 - - -
4.66 1.65 - - -
2.88 - -
4.08 - - Lwelshimeri 2.33
4.78 - - - -

)

o

o,

o
2 Y, o
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Table A-5.

o
A5

AM FAT =59 AL A=

T3 FAHlog CFU/g)
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He

lUL oX.
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3.00
3.37
4.00
4.10
211

3
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3.32
2.69
3.67
1.40
3.52
4.50

3.37

> ojf

2.78
3.32
3.48
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3.69
3.61

ol&

wromy dx

4.85
4.90
4.03
3.08
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2.72
3.19
3.30
4.42
3.75
2.82

> o Ay

>
2

oy o

4.27
4.66
6.43
4.13
4.68
6.09
3.91

5.08

3.81

3.85
3.62

L.welshimeri
L.ivanovii
L.ivanovii,
L.grayi
L.welshimeri
L.ivanovii
L.ivanovili,
L.grayi
L.ivanovii,
L.ivanovili,
L.grayi

9.6

0.12
0.12
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Table A-5. Continued (log CFU/g)

= NG | Salmonella | Salmonella|  Listeria Listeria
3| o || 32
AL AR FA FET | T 1T C8) | [(MPN/g) | (B4) | (MPN/g)

4.44 1.30 - Lwelshimert 0.12
4.78 1.48 - Lwelshimeri 0.56
277 - -

5.08 1.85 - Lwelshimeri 3.72
3.86 1.60 - Lwelshimert 184
3.70 - - Luwelshimeri 0.144
4.75 -
4.71 2.48 - - -
2.88 -
3.85 1.60 - - -
3.32 - - Lwelshimert 0.12
2.96 - - - -

2.96 -
2.56 1.60 - - -

)

i
2 pfo
2 m, o

6.86 2.28 - - - -
5.28 - -
5.69 - - L.ivanovii 0.53
5.78 1.30 S.pullorum 1.26 - -
3.73 - - - Lwelshimert 3.72
3.32 - - - - -
352 -
3.76 1.00 - - - -
3.37 -

4.00 - - - - -
3.32 - - - - -
3.37 - - - L.grayi 511
413 - - - - -
4.10 -
450 2.31 - - - -
2.11 -

1.36 - - - - -
1.40 - - - - -
3.69 - - -
3.61 - S.spp. 0.46 - -
3.98 - - -

1.90 - - - - -
2.66 - - - - -
2.79 - - - - -
1.85 - - - - -
1.60 - - - - -
1.48 - - - - -
2.08 -
2.08 0.30 - - - -
1.30 -

7}

o
b ox
M o, o

1.00 - - - - -
2.15 - - - - -
4.32 - - - Lwelshimert 2.11
4.03 - - - L.welshimeri 453
4.56 - - - - -
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Table A-5. Continued (log CFU/g)
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Table A-6. GAT2 A +A% =% AEE nAE FFX2Aog CFU/g)
Hol| =7 N1t | Salmonelia | Salmonella Listeria Listeria
AR AS || 2 (A4) | (MPN/g) (B4) (MPN/g)
459 - - L. grayi, 0.12
L. ivanovii
5.24 3.11 - L. grayi, 8.4
L. ivanovii
3.93 2.00 - L. welshimeri 0.92
4.13 2.00 - L. ivanovii 0.144
3} 4.10 - - L. grqyi, B 0.144
] %] L. ivanovii
=l 4.70 1.00 - L. grayi, 1.72
A a7 L. ivanovii
517 2.60 - L. grayi, 0.288
L. ivanovii
L. grayi
418 2.48 - L. grayi 0.144
476 - - L. grayi 0.368
4.00 2.78 - 0.12
4.02 2.78 - - -
4.44 1.00 - L. grayi 0.12
f{ & 532 - - L. grayi 0.12
,\L] 17] 4.31 - - L. grayi 0.12
L. ivanovii
of Eﬂj} 439 | 236 - L grayi 23
e %
A | & | 566 1.00 - L. grayi 1152
a17]| 414 - - Lwelshimeri 0.12
4.63 3.32 - L. grayi 0.37
6.28 1.30 - - -
5.25 1.60 - L. grayi 0.12
L. ivanovii
4.70 - - - -
4.02 1.30 - L. grayi 96
5.13 - - L. ivanovii 0.14
5.57 - - L. vanovii 0.12
o] 4.82 1.30 - L. grayi 0.15
ki o] %] L. ivanovii
=l 5.84 2.18 - L. grayi 0.12
A a7 L. ivanovii
4.12 - - - -
6.27 - - L. vanovii 9.6
5.76 2.00 - L. grayi 0.12
L. ivanovii
5.03 - - L. grayi 46
5.49 - - L. grayi 1.72
L. ivanovii
4.09 - - L. vanovii 0.37
4.30 - - L. grayi 0.12
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Table A-6. Continued (log CFU/g)

- o gt | Atede) | Arde| g sHEof | g2 g o}
2 ol | B o 2542
ARG ST ) aeNg)| (84 | (MPN/)
3.27 - - - -
5.50 411 - L. grayi 0.12
5.08 1.88 - L. grayi 0.12
5.49 - - Luwelshimeri 0.12
L.seeligeri
4.86 - - Luwelshimeri 0.37
L.seeligeri
4.33 - - Luwelshimeri 0.92
L.innocua
5.30 - - L.seeligeri 0.3
L.innocua
5.14 - - L.seeligeri 460
6.02 2.15 - L.seeligeri 75
L. ivanovii
5.03 - - - -
2| 458 - - - -
317) 557 1.49 - L.seeligeri 0.12
L. ivanovii
4.85 2.18 - L.seeligeri 0.12
L. ivanovii
5.18 2.48 - L.seeligeri 0.12
L.innocua
o] Lwelshimert
el A el B i - .
351 1.60 - L.seeligerti 184
A L.innocua
Lwelshimeri
451 - - L.seeligeri 0.15
L.innocua
Lwelshimeri
5.76 1.78 - L.seeligeri 1
L.innocua
L.welshimeri
6.30 1.48 - L. grayi 0.12
L. ivanovii
4.48 1.00 - L. grayi 0.12
L. ivanovii
4.50 2.70 - - -
470 - - L. grayi 184
- 8.01 1.00 - L. grayi 0.12
— 6.34 2.10 - - -
a17] .
4.47 - - L. grayi 96
L. ivanovii
5.18 2.00 - L. grayi 440
L. ivanovii
4.80 - - - -
7.76 2.44 - Lwelshimert 0.12
5.58 1.70 - L. grayi 0.12
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Table A-6. Continued (log CFU/g)

B ol =7 WA | Salmonelia | Salmonella Listeria Listeria
AR AS || 2 (A4) | (MPN/g) (B4) (MPN/g)
4.38 2.10 - L.seeligeri 3
L.innocua
L.welshimeri
4.26 - - L.seeligeri 0.144
L.innocua
L.welshimeri
Ql .| 5% - - Lwelshimeri 1.08
= - 4.62 - - L.seeligeri 0.12
37 L.innocua
Al Luwelshimeri
5.07 - - Lwelshimeri 0.368
L.innocua
5.14 - - - -
4.64 1.00 - L.seeligeri 0.6
L.innocua
Luwelshimeri
5.22 - - L.seeligeri 64
5.14 - - L.seeligeri 0.12
L. grayi 0.12
3.88 - - L. grayi 44
s 5.69 - - - -
= 4.38 1.30 - L. grayi 480
410 1.00 - L. grayi 0.12
= =]| 440 1.30 - - - -
77 3.66 - - L. grayi 0.12
3.54 - - L. grayi 1840
4.76 - - L. grayi 0.44
s 5.28 - - L. grayl: 0.3
5.37 - - L. grayi 6
Ql 3.62 - - - -
Al 4.93 1.00 - Lwelshimeri 44
5.73 1.00 - L. grayi 0.12
L. ivanovii
4.60 - - - -
5.16 3.76 - Lwelshimeri 0.3
L. grayi
5.60 - - L. grayi 0.12
a | 422 1.00 - - -
317) 5.16 1.00 - L.welshir_neri_ 0.3
L.seeligeri
5.38 1.00 - L. grayi 0.12
L.welshimeri
5.05 - - L. grayi 0.12
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Table A-6. Continued (log CFU/g)

- N4t | Salmonella | Salmonella Listeria Listeria
2 o |r o = p2s
7:" = X] = “I‘H ST ,4[': (Xé"é) (MPN/g) (Zé}‘é) (MPN/g)
3.60 - - - -
4.63 - - L.welshimeri 6.8
L.innocua
5.24 - - L. grayi 144
531 - - L. grayi 300
3.15 - - - -
4.07 - - L.seeligert 0.2
6.16 1.78 - - -
5.24 - - L. grayi 10.8
5.31 - - L. grayi 0.12
=] 315 - - - -
4.07 - - L.seeligeri 0.144
2 616 | 1w - - -
5.27 - - L. grayi 0.12
L. ivanovii
A] 4.48 - - L grayi 0.12
el v 6.26 - - - -
=l " 5.04 2.95 - L. grayi 0.296
Al L. ivanovii
5.38 2.60 - L. grayi 480
L. ivanovii
6.39 - - L. grayi 0.12
L. ivanovii
5.57 - - L. grayi 0.248
L.welshimeri
4.27 - - L.innocua 0.12
2494 1.40 - L. grayi 0.12
17 5.06 - - L. grayi 0.296
4.54 1.00 - L. grayi 480
597 - - L. grayi 0.12
L. ivanovii
431 - - L. grayi 0.248
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HAZE AT FE 2 AGEE 7IE o4

Table A-7. A% sE4 259
A gA ] Wl (2 FAAt S 13(4) 4307440, 1998)

By,

Table A-7-1. A& 2 S&Fol| A2 & A% At ¥ (Unit : CFU/g)

Pork Beef Chicken
SPC 19 x 10 1.3 x 10° 88 x 10°
Coliform 1.8 x 10! 5.2 5.3 x 10"
Psychrophilic bacteria 15 x 10" 14 x 10> 46 x 10°
Heterotrophic bacteria 12 x 10" 28 x 10" 47 x 10°
Heat-stable bacteria — — —
Staphylococcus — 1.2 —
Fecal Staphylococcus 6.2 9.5 9.9
Pseudomonas aeroginosa 1.3 2 1.5

Table A-7-2. 10C% A48 o 44 7]70d QubAlF5 W83
(Unit : log CFU/g)

day
1 3 7 14
Pork 0.65 1.04 4.52 9
Beef 1.98 1.93 3.33 9.3
Chicken 3.33 5.04 3.58 11.48

Table A-7-3. 20C & A3 wf A7 7|70 AnkAlds ®s)
(Unit : log CFU/g)

day
1 3 7 14
Pork 4.56 8.45 11.53 11.1
Beef 453 .77 12.13 11.36
Chicken 8.57 11.85 13.75 11.31
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Table A-7-4. 30CZ A& w A7 7|17Hd dnbM o4 W}
(Unit : log CFU/g)

day
1 3 7 14
Pork 6.52 11.47 9.79 7.45
Beef 5.97 10.31 13.25 7.3
Chicken 8.7 13.14 9.85 5.85

Table A-7-5. 10C2 A3 u A7 7170d o) a-e W)
(Unit : log CFU/g)

day
1 3 7 14
Pork 0.15 0.1 1.87 4.05
Beef 0.3 0.15 2.02 1.37
Chicken 2.16 4.83 7 10.95

Table A-7-6. 20C2 A7 u A2 7170d o) ate W)
(Unit : log CFU/g)

day
1 3 7 14
Pork 2.62 6.7 10.15 9.89
Beef 0.99 7.33 11.4 10.89
Chicken 6.34 9.45 11.01 9.87

Table A-7-7. 30C=2 A& u A7 717bd o) ae W)
(Unit : log CFU/g)

day
1 3 7 14
Pork 498 7.96 7.84 6
Beef 3.16 6.79 8.7 4
Chicken 7.14 10.38 6.7 5.02
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Table A-8. =52 A&7|3tel] wE o g+t

(§F=r& =333 A 40(1) 59768, 1998)

7 (Coliform bacteria)s=2] 3}

(Unit : CFU/g)

Day A B C D E F G
0 0 0 0 55 0 5 55
3 0 0 0 70 0 4 48
7 0 0 0 150 0 10 70
14 0 0 0 185 0 18 60

21 0 0 0 205 0 20 85
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Table A-9. g2 &oA ATHE= HALY] FxHI -0l g +
BEuk 9 A zro] Am vl (Salmonella typhimurium) 2% 5o Ao 1%
v 9 (F=AFx 38k A 20(4) 3527357, 2004)

Table A-9-1. Recovery of S. typhimirium from the simmered pork in soy
sauce inoculation with the bacteria in different holding conditions.

(Unit : CFU/g)

Holding time(hr) Holding temperature(C)

26:+2 60 0
0° 7
0.5 7.78 79 79
1 8.7 7.85 77
2 898 5.3 4
3 9.18 5.7 2
4 10.1 5.3 2.04
6 10.95 3.3 0
12 13 272 0
18 13.04 2.4 0

# 26+2C (room temperature holding), 60C (steam table holding), 80C (heating
cabinet holding)

b immediately after cooking
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Table A-10. Z&|}Ao] w}& 2

2 & (Salmonella typhimurium) 2 E%E 749
wal 2 B2 (CCP)Y #& (A%F9

Aot s3] 13(4) 4417447, 1998)

ul

=
SL
=

Table A-10-1. Recovery of S. typhimurium from the pork inoculated with the
bacteria in a frozen condition and thawed in different conditions

(Unit : CFU/g)

A B C

Initial A& Initial s Initial A A Q1 A

1x10° 1x10% 1x10° 1x10% 1x10° 1x10°

A : Thawing at room temperature (22729C)
B : Refrigerated thawing (4710C)
C : Thawing in a microwave oven (40 seconds)

Table A-10-2. S. typhimurium®.2 A A 71(10° CFU/g) HA171E &% 717+
H T E S 29 (Unit : CFU/g)

Time (hr) 2 4 8 12 24 48 72

AR IR 1x10"  1x10®  1x10  1x10"®  1x10%

REARS 1x10"°  1x10®  1xx10%

Table A-10-3. S. typhimurium2.2 A4 71(10° CFU/g)

HAI7E 22 UHE 55 S A3 (unit: CFU/g)
Temperature/Time(min) Cfu/g
27 150+7°C/3 1x10°
60°C /20 1x10°
317 63°C/20 1x10°
65°C/20 1x10?
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Table A-11. =&Y A3 A 37]9 Listeria spp. £.G (A3
= AetAsks] 10(2) 89795, 1995)

el we Ahol) (4

Table A-11-1. Incidence of Listeria in beef samples by USDA method
(sample No.=60)

Species No. of positive Positive %

L. welshimeri 37 61.6

L. innocua 15 25

L. murrayi 5 8.4

L. monocytogenes 0 0

L. grayi 3 5

L. seeligeri 0 0

L. ivanovii 0 0
Total 60 100

Table A-11-2. Incidence of Listeria spp. in beef samples by FDA method
(sample No.=60)

LPM OXA
Species
No. of positive Positive %  No. of positive Positive %6

L. welshimeri 27 45 24 40
L. innocua 6 10 10 16.6
L. murrayi 5 8.3 2 3.3
L. monocytogenes 3 5 1 1.7
L. grayi 2 3.3 1 1.7
L. seeligeri 0 0 0 0
L. ivanovii 1 1.7 1 1.7

Total 44 73.3 39 65
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Table A-11-3. Incidence of Listeria spp. in beef samples by Malthus method
(sample No.=60)

Species No. of positive Positive %

L. welshimeri 20 33.3

L. innocua 18 30

L. murrayi 2 3.3

L. monocytogenes 6 10

L. grayi 0 0

L. seeligeri 0 0

L. ivanovii 0 0
Total 46 76.6

Table A-11-4. Incidence of Listeria spp. in beef samples by modified cold

enrichment method (sample No.=30)
Species No. of positive Positive %

L. welshimeri 13 43.3

L. innocua 0 0

L. murrayi 0 0

L. monocytogenes 2 6.7

L. grayi 0 0

L. seeligeri 2 6.7

L. ivanovii 0 0
Total 17 56.7
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Table A-11-5. Incidence of Listeria spp. in beef samples by four different
method
(sample No.=30)

Species No. of positive Positive %

L. welshimeri 121 44.8

L. innocua 49 18.1

L. murrayi 14 5.2

L. monocytogenes 12 4.4

L. grayi 6 2.2

L. seeligeri 2 0.7

L. vanovii 2 0.7
Total 206 76.1
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Table A-12. oA Rud FEA A% Fd A5 984 @44 5EA (3

Ty T B3] A 18(2) 1477154, 1994)

Table A-12-1. Outbreaks of food poisoning analyzed for epidemic

characteristics in Korea by causative foods, 198171993

Causative foods Outgg)}saks Patients (%) Deaths P / O Ratio?
Animal origin
Beef 8 (4.8) 286 (6.3) 0 36 0
Pork 54 (325) 1,353 (30.1) 6 25 4.4
Poultry 11 (6.6) 229 (5.1) 5 21 21.8
Seafood 87 (52.4) 2,303 (51.1) 22 26 9.6
Egg 2 (1.2) 166 (3.7) 0 83 0
Dairy foods 4 (2.4) 171 (3.8) 2 43 11.7
166 4508
Subtotal (1000) (1900 35 27 78
54.1) 59.3)
94 1,877
h igi ’ 2 17.
Other origin (316) (94.7) 33 0 7.6
Unk 47 1,218 2 26 16
Hnown (15.3) (16.0) '
Total 307 7,603 70 25 9.2
o (100.0) (100.0) '

1)Number of patients per outbreak.
2)Death-to-patient ratio per 1,000 patients.

Table A-12-2. Etiologic agents associated with food poisoning outbreaks in
Korea by causative foods, 198171993.

Foods Bacterial Chemical Unknown Total
Animal origin 113 14 39 166
<68.1> <8.4> <23.5> <100.0>
Other origin 36 38 20 94
<38.3> <40.4> <21.3> <100.0>
Unknown 32 15 0 47
<68.1> <31.9> <100.0>
Total 181 67 59 307
<59.0> <21.8> <19.2> <100.0>
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Table A-12-3. Places of meals led to bacterial food poisoning outbreaks in

Korea by foods of animal origin, 198171993

Foods  Home Ca_fieger Reﬁsétr‘r{‘tur Field Rsﬁtggl School Other U_nvlégo Total
Beef 3 1 1 0 0 0 0 1 6
Pork 32 1 3 3 0 0 0 5 44
Poultry 2 1 1 0 0 0 0 4 8
Sea- 10 15 15 0 3 0 2 5 50
food
Eggs 0 1 0 0 0 0 2
Pairy 0 2 0 0 1 0 0 3
Total 47 21 20 4 3 1 2 15 113
% 1.6 18.6 17.1 35 2.7 09 1.8 13.3 100

Table A-12-4. Number of bacterial food poisoning outbreaks by foods of

animal origin and cook type in Korea, 198171993

Foods Beef Pork Poultry Seafood Eggs Dairy foods Total <%>
Soup 1 1 3 0 0 0 5<4.4>
Stew 0 0 0 1 0 0 1<0.9>
Roast 1 0 2 4 0 0 7<6.2>
$oiled 0 0 0 5 0 0 5<4.4>
Slices of 22 0 0 0 0 22<19.5>
Fried 0 3 1 1 0 6<5.3>
Raw 2 0 16 0 0 20<17.7>
Muchim 0 0 7 0 0 7<6.2>
Unknown 2 18 0 16 1 3 40<35.4>
Total 6 44 8 50 2 3 113
% <b.3> <389> 71> <442> <1.8> <2.7> <100.0>
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Table A-12-5. Number of bacterial food poisoning outbreaks by agent and

cook type in Korea, 198171993

Foods E. coli Salmonella Staphylococcus Vibrio S-S-vV Total
Soup 3 0 0 2 0 5
Stew 0 0 1 0 0 1
Roast 1 2 0 4 0 7
Boiled dry 1 0 1 3 0 5
Slices of 1 16 3 2 0 22
Fried 0 5 0 1 0 6
Raw 0 2 1 16 1 20
Muchim 1 0 1 3 2 7
Unknown 4 16 9 11 0 40
Total 11 41 16 42 3 113
% <9.7> <36.3> <14.2> <372> <27>  <100.0>

1) Mixed contamination of Salmonella, Staphylococcus, and Vibrio spp.
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Table A-13. =8718 Ad8 A oA Listeria monocytogenesd a9} dA 3
EAEZAL (M EAAATE A 13(4) 4257429, 1998)

Table A-13-1. Contamination of Listeria monocytogenes and other Listeria

spp. In samples from pork fabrication processing environment

No. of No. of positive samples (%)
Source of sample samples : :
L. monocytogenes Listeria spp.
Glove 48 10 (20.8) 21 (43.8)
Knife sharpener 47 10 (21.3) 20 (42.6)
Knife 48 7 (14.6) 15 (31.3)
Cutting board 48 10 (20.8) 19 (39.6)
Conveyer belt 7 2 (28.6) 2 (28.6)
Skinning machines 12 2 (16.7) 3 (25.0)
Working room air 24 0 (0.0) 0 (0.0)
Total 234 41 (17.5) 80 (34.2)

Table A-13-2. Contamination of Listeria monocytogenes and other Listeria

spp. In samples from carcasses before fabrication and pork after fabrication

Souce of sample No. of No. of positive samples (%)
samples L. monocytogenes Listeria spp.
Carcass before
Carcass, b 48 4 (83) 15 (3L1.3)
Pork after fabrication 48 7 (14.6) 17 (35.4)
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Table A-13-3. Distribution of Listeria monocytogenes serovars isolated in

pork fabrication processing plants

Source of NuO ber Listeria monocytogenes serobars (%)
sample igolates  1/2a  1/2c  4a  4ab 4b 4c Unknown

Glove 10 1 1 1 0 5 0 2
e er 10 o 0 2 2 0 0
Knife 7 2 0 1 2 0 1 1
Cutting board 10 1 0 0 1 6 0 2
Conveyer belt 2 0 0 0 1 1 0 0
Skinning 2 0 0 0 1 1 0 0
Worki

roc())rrn 12§ 0 0 0 0 0 0 0 0
Total 41 10 1 2 7 15 1 5

(100.0) (244) (24) 49 170 (366) 24 122)

Carcass 4 1 0 0 0 1 0 2
Cut meat 7 1 0 0 1 3 0 2
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Table A-14. F4tah 9124 W3 A4dae) Bel, shobd 2 o) ESe F2
574 (F=rE=3sta A 41(3) 3177326, 1999)

Table A-14-1. Surface bacterial counts of pork bellies of different countries
during storage(4T)
(unit : CFU/cm?)

Countries Days TBC” PSY” ANA® LAB”  Coliform E. coli
15 15x10°  48x10°  3.3x10°  1.2x10° - -
KCBAY 25  80x10° 1.3x10" 53x10° 1.1x10° — —
35 43x10°  4.3x10°  4.1x10°  3.0x10° - -
15 33x10°  7.0x10°  62x10°  61x10°  26x10°  1.4x10°
KCBB? 25 22x10° 15x10° 6.0x10° 21x10° 18x10"  1.5x10*
35 57x10°  6.0x10°  9.3x10°  27x10°  5.3x10*  3.1x10°
15 12x10"  12x10"  7.7x10°  55x10°  4.7x10 —
ACBY 25 1.0x10°  3.0x10° 9.3x10° 23x10°  1.3x10° -
35 30x10°  7.3x10"  2.3x10°  26x10°  25x10° -

Y KCBC : Korean Chilled Belly A, ? KCBB : Korean Chilled Belly B,
? ACB : American Chilled Belly, ¥ TBC : Total Bacterial Count,
¥ PSY : Psychrotrophs, % ANA : Anaerobes, ” LAB : Lactic acid bacteria.
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Table A-15. =-u] Sk Evwl7] 24 < )

Table A-15-1. Qutbreaks and cases of the food borne diseases by year in

Korea

Year Outbreaks Cases Deaths Cases/Outbreaks
1991 42 814 — 20.1
1992 44 1,189 5 27
1993 54 1,136 10 21
1994 104 1,746 12 16.8
1995 55 1,584 — 28.8
1996 31 2,797 — 345
1997 94 2,942 — 31.3
1998 119 4577 — 38.5
1999 174 7,764 3 44.6
2000 104 7,269 2 69.8
2001 93 6,406 — 68.9
2002 78 2,980 — 38.2

2003. 8 101 6,694 — 66.3

Table A-15-2. Outbreak of the food borne diseases by etiologic agent, 1998

to 2002
No. of outbreaks of the food borne diseases(%5)
Pathogens
1998 1999 2000 2001 2002
Salmonella 928/28: 2,840/44 2,591/30 561/13 589/25
(23.5) (25.3) (28.8) (13.9) (32.1)
Sta. aureus 1,420/18 690/9 824/9 363/10 370/8
’ (15.1) (5.2) (8.6) (10.7) (10.2)
V. parahem 1,376/34 1,523/48 235/14 254/13 188/10
- P (28.6) (276) (135) (13.9) (12.8)
Vi 769/2 935/3 137/1
frus (1.1) (3.2) (12.8)
Others 19/3 426/10 942/16 913/15 414/8
(1.6) 6.7 (15.4) (16.1) (10.2)
Unknown 834/36 2,209/61 2,677/35 3,380/39 1,282/26
(30.2) (35.1) (33.6) (41.9) (33.3)
Total 4577/199 7,764/174 7,269/104 6,406/93 2,980/78

* cases/outbreaks of the food borne diseases
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Table A-15-3. Outbreak of the food borne diseases by causative foods, 1998

to 2002
) Outbreaks of the food borne diseases
Causative foods

1998 1999 2000 2001 2002
Megt gnd its 853/30%  2258/44  3571/29  837/20  316/13
Milke and its - 23/2 593/3 245/2 137/1
E d it
products - - - - 55/3
Seafood and its 1516/37  2278/69  896/27  281/12  384/11
Complex cooked 1 436/99  2003/34  968/25  2,806/45  481/15
(Kimbap, luncheon)
Grajns, and its 153/5 234/8 16/1 — 27/2
Vegetables and its g/ 438/4 775/6 20/1 /1
Natural toxin 24/2 19/2 39/4 41 23/2
(mushrooms)
Gorund water — 197/4 148/1 32/1 34/1
Other 53/3 19/2 - — 234/3
Unknown 509/12  295/5 263/8  2181/11  1282/16
Total ABTT/119 7764174 7269/104  6406/93  2980/78

* cases/outbreaks of the food borne diseases
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Table A-15-4. Cases of the food borne diseases by months, 1998 to 2002

Cases of the food borne diseases by months

Year

1 2 3 4 5 6 7 8 9 10 11 12
1998 — 175 80 644 434 948 166 482 1,124 404 120 —
@ & O a0 (14 (12 a9 G99 © @
1999 —  — 273 1,060 1,547 1548 420 604 1223 832 231 36
6) @21 28 16 (18 (24 @9 dA5 G (2)
2000 — 27 542 17 1717 1,378 988 260 1,787 533 20 —
@ 0 @ @3 (19 19 a0 12 ©® (@)
2001 199 54 355 267 2,257 1938 416 426 345 35 91 23
2 @ © ® a$) @20 @& @O 16 @) 6 (@)
2002 266 179 184 454 298 231 349 212 276 97 354 &0
4 @ . 3d2 a0 & G a3 a0 @ @ (@)
Total 465 435 1434 2,432 6,253 6,043 2,339 1,984 4,755 1,901 816 139
Table A-16. %#F° A% 3 Fe/hdS A% 7MW -AFA A ANA v
T o WA Ve M- (sEF-SAVIEd T4, A EEd T, A

gal (2001))

Table I-16-1. Microbial contamination of pork carcesses during the

slaughtering and processing

Total plate coqnts Coliform Salmonella

(log CFU/cm?) (log CFU/cm?)

First Second First Second First Second

trial trial trial trial trial trial
After Singeing 448+1.75 7.06+191 1.04+1.12 2.83+1.76 Negative Negative
E)e(fgfe chilling  309.1 15 588:162 2.92+117 415:1.76 Negative Negative
After 12hr in the 419,139 6192158 1264138 226087 Negative Negative
chilling room
Deboning Knife 4.71£1.94 5.78+1.49 2.74+1.72 2.50+1.84 Negative Negative
Working glove 6.93+1.25 8.23+1.21 5.05+1.14 6.40+1.26 Negative Negative
Working table 51,195 4894126 240+1.85 3.06+1.18 Negative Negative

surface
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Table A-16-2. slaughtering plant in kyunggi Province (n=5)

Usage of Water supply in the lairage

Usage of electric prod in the lairage

Usage of electric prod to lead to the stunning

room

Chilling room in the slaughter house

water at chilling room floor

Percentage(%)
First trial Second trial
100 100
73.33 72.21
86.66 85.43
100 100
0 0

Table A-16-3. Status of slaughtering equipment and plant in kyunggi

Province (n=5)

Using state

First trial

Second trial

lairage time

Electric Stunning power(Ampere)
Electric Stunning power(Volt)
Bleeding time(sec)

Time to chilling room after stunning
Temperature of scalding tank(TC)
Passage time of scalding tank(min)
Slaughtering capacity (animal per 1 day)
Chilling time(hr)

Height to carcass from the floor(cm)
Humidity of chilling room(%)

Temperature of chilling room(C)

Interior temperature of carcass after
12hr(C)

3.73£1.90
94.67+9.03
350.00+104.71
152.31+17.79
19.00+8.09
60.88+1.58
4.06+1.77
707.69+299.20
14.12+£2.71
106.54+14.37
74.62+£10.92
0.38+2.05

4.12+1.56

4.40+1.67
8.88+8.90
400.00+66.33
228.0+£78.23
22.80£5.76
60.06+0.13
5.86+0.95
923.40+544.09
19.60£6.99
120.00+16.77
82.80=10.08
0.00£0.71

8.60+5.68
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Table A-16-4. Microbial contamination of Slaughtering equipment and plant in

kyunggi Province (n=5)

Total plate counts Caliform

(log CFU/cm?) (log CFU/cm?) Salmonelia

First Second First Second First Second

trial trial trial trial trial trial
Rope 47905 457050 1.49+097 4.15£0.55 Negative Negative
Carcass—-gambler 3.24+0.33 3.74+£0.37 0.93+0.42 3.07£0.88 Negative Negative
Apron 3.80£0.85 4.10+0.17 1.76+£0.22 3.29+0.23 Negative Negative
Long boots 5.62+£0.66 6.00+0.32 2.15+0.02 3.96+0.05 Negative Positive
szrt‘éiss washing 9 94,084 354032 0.00+0.00 1.0840.24 Negative Negative
Cutting Knife 4.65+0.57 6.01£0.34 1.77+0.81 2.68+0.37 Negative Negative
Dehider/deskinner 5.97+0.78 6.97£0.74 0.92+0.40 1.15£0.14 Negative Negative
CIng TOOM 5484068 6394061 2095075 515+008 Negative Negative
Working table
surface before 559+0.45 6.29+0.70 3.18+0.22 5.76+0.37 Negative Negative
washing
Working table
surface 448+0.4 545052 3.00£0.13 2.66+0.82 Negative Negative
by—product
Walls of - 6.13+0.39 7.06+0.45 0.78+056 1.33+0.88 Negative Negative
slaughter-house
Floor of plant 699,053 7314056  275:0.60 1.26+0.68 Positive Positive
after washing
Working glove 3.95+091 4.28+097 2.15%0.72 3.83+0.57 Negative Negative
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Table A-17. $7° A% 2 FEAAS A &ML 55504 2 4%
A DA BR-(FAY-FANEATA, FRAEANRATY, Ao etm

(2001))

-

Table A-17-1. 72 A=W A4H|Fo]

(unit: 1000 ton, kg)

2 A 4] 317] 2] 317
T Fan 199 % 2] 1% 2] 193
1990 852.3 20.1 177.0 4.1 504.8 11.8
1991 940.6 21.7 233.3 52 510.8 11.8
1992 1,043.3 23.9 226.9 52 585.0 134
1993 1,087.0 24.7 233.0 53 613.0 139
1994 1,146.7 25.8 269.8 6.1 632.2 14.2
1995 1,231.0 275 301.2 6.7 661.7 14.8
1996 1,303.1 28.8 322.9 7.1 696.9 154
1997 1,339.3 29.3 361.9 79 698.3 15.3
1998 1,306.6 28.2 345.5 74 700.8 15.1
1999 1,430.7 30.5 392.7 84 7955.3 16.1
2000 1,509.6 31.9 402.4 85 779.9 16.5
Table A-17-2. & &7F9 A1 2 FAFLE) (unit: 1000 ton)
3] 317] = 2] 317
T

A FAFA) eHEB) A/B 0 A FARHA) TEEB) A/B

1996 382.7 611.2 993.9 61.5 884.5 663.4 1,547.9 42.9
1997 370.1 658.9 1,029.0  64.0 901.8 517.5 1,419.3 36.5
1998 3714 681.8 1,003.2  64.7 904.1 945.5 1,449.6 37.6
1999  381.3 682.6 1,063.9  64.2 892.3 652.9 1,545.2 42.3
2000 364.1 738.4 1,1025  67.0 878.4 650.8 1,629.2 42.6

FBFFAA g ANHL
A G FHALGAEAAT, (FA] Au,
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Table A-17-3. A7 T4 &HL2)

(unit: 1000 ton)

. 2] 317) # 2] 3L 7]
TE g wE®) AB WA WEMB  AB
1996 310.6 298.7 104.0 168.1 495.2 339
1997 326.9 330.8 98.8 128.8 388.7 33.1
1998 319.7 361.1 88.5 1495 396.2 377
1999 336.2 345.2 974 1815 471.3 385
2000 362.3 375.3 96.5 192.8 457.4 42.2
g QR EFAAANFAAE, (Eare] HH
Table A-17-4. +2 S7F9 ArA¥H(LE)
T 1995 1996 1997 1998 1999
& 317] 153 142 147 150 151
2] 317] 210 213 208 214 219
Au: B A, TARFFE,, AR 5desE /EAY,
Table A-17-5. /449 FA4H] & (L) (unit: %)
T 1991 1992 1993 1994 1995 1996 1997 1998 1999
7HA 48 47 46 44 43 41 41 39 38
7+ 9 8 8 8 8 9 9 10 9
H317] 7] et
(FF, 43 45 46 48 49 50 50 51 53
914)
7HA 40 39 40 39 40 40 41 41 41
= % 7+ 30 32 30 30 31 31 31 30 29
a17] 7€}
(A }jll), 30 29 30 31 29 29 28 29 30
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Table A-17-6. 7}A 1913 SFF 2] (L) (unit: g)

T 1996 1997 1998 1999 2000
4 a17] 3,198 3,275 3,173 3,150 3,079
A 27] 4,765 4719 4,852 4913 4,939

AR QB FRY, AZARD,

Table A-17-7. 8 7] A4 g v (0] =)

(unit: Mk o= o)

A7) AA 7]
FRE T q— P pp— L
FaoE e S 199

1995 25,222 25,534 97.1 17,849 17,768 67.5
1996 25,525 25,861 97.4 17,117 16,797 63.2
1997 25,490 25,611 95.6 17,274 16,823 62.8
1998 25,760 26,305 97.2 19,011 18,309 67.7
1999 26,493 26,932 98.7 19,309 18,952 69.4
2000 26,882 27,362 99.3 18,935 18,608 67.6

o H31719 20008 % ARE AAX o, HAa7]E 19989 % AE7F AA X
olv 199937} 20009 % AR FAHA Y.
ZF&: USDA, "Agricultural Statistics 2001
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(unit: Mg+ 9o
o sz 9l

- 2] 17)? ) %) 317 Au7?  wA 7
1995 1,821 787 2,104 664
1996 1,877 970 2,073 620
1997 2,136 1,044 2,343 634
1998 2,171 1,230 2,643 705
1999 2,417 1,278 2,874 27
2000" 2,510 1,292 3,076 967

1 1) 2000 &= A}
2)4 7] FobA wrl= EHH UL

Ztg: USDA, TAgricultural Statistics 2001, , 2001

=4

e 4449,
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