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Establishment of Microbial Criteria by Investigation of
Microbial Contamination in Ready-to-Eat Foods
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ABSTARCT - Internationally different food safety regulation and standards could cause troubles in trade unless
those are built on scientific knowledge. In this research, we monitored the microbial population and analyzed the
results to determine the level of microbial contamination in foodstuffs using relatively new statistical analysis (micro-
biological sampling plan, International Commission on Microbiological Specification for Foods). The goal of this
research falls on establishing entirely new standards for various food categories addressed in the Korean “Food Code”.
Targets for monitoring were indicator organisms (i.e. total aerobic count, coliform and Escherichia coli) and food-
borne pathogens (i.e. Bacillus cereus, Staphylococcus aureus and Clostridium perfringens) in ready-to-eat (RTE)
products. As the result of the monitoring, total aerobic count, coliform, E. coli, and B. cereus in RTE products were
found at the mean values of 2.10 log CFU/g, —0.60 log CFU/g, —1.33 log CFU/g and —1.23 log CFU/g, respectively.
S. aureus was detected with the level of —1.35 log CFU/g only in fresh-cut food, while C. perfringens was —1.37
log CFU/g only in ready-to-cook food. Other samples did not have any food borne pathogens. Total aerobic count, B.
cereus, S. aureus and C. perfiringens satisfied the Food Code (the MFDS). On the basis of the analysis, we proposed a

draft of microbial criteria for RTE products.
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Materials and Methods

- HOMER AE 7Y

B A3 o AsE 20159 329E 11974 A=t
221 AY z%Pr SE=nlE Ugselnle wald ekl
uﬂ%g oZ /\-”H oﬁﬂ\ﬂﬂf__ Z/H/K‘] }\]u—vQ_ 6302_‘]., é_
Mz %-8— 1,02071, AV A o)A F-2 3907102 F 2,040
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=
=44

OE BN A3 3N F|
T AF 2% 27 " sample bag (Whirl-pak®
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bags, Nasco, Fort Atkinson, WI, USA)°l 25 g2 F 3| A
e A2 9S4 225mLS YL stomacher (BagMixer®,
Interscience, Saint Nom, France)ol|A] 1527} 423} &0
o, A 2F v ETE Y3 (ICMSF; International
Commission on Microbiological Specifications for Foods)
7hol =gl Fote] FLAF HA SHE W= vHE
AEE A8kt

QYN *<=(Total aerobic count) g M

4d3std AE8 1 mLek 2k 108 ©A B4 1 mLE
UUkM -8 Petrifilm (Aerobic Count Plate, 3M, St. Paul,
MN, USA) HE3 & & &4 AlF|L 35~37°ColA] 48
A7 vl T AN E Bo HEgrE
2 ol Al Folo] 24E MBS

Coliform /Escherichia coli 7§’g 3l ¥F 82M
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Staphylococcus aureus 3 M
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A

2232 Microsoft Excels ©]-§-3te] A2l z2 o=
sheet 74 AW, 7|&3 XY, A&, 229 HAH4, 2
=9 AR, 32y ARAoE "o, B Al
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GPAE FA ABEHE 8019 . e m, MY ne
AAE AT AR 4, me TS S 871EARA A3
2% moladl A% AT B, M oI4E 0
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$olE Aoz APAL.

QUAEATS A9 st 2o} 3THE A
7, NEAR FmE A AR Aoz hEE Abgel
£ n-58 A9aR0w, o @ N EA R ICMSFe)
case BEEE Hvste] AT ICMSFIA] Al Zal=
Newsamplesplan 2 Z2 7138 83} 0|82 4HS &
Zal7] Slalel 7} 7o) o Aa, dde 2 0%
;;94 00:]1: E:]EL71—37+ EZE:];‘(]_7L_°_ Eij_ﬂﬂoﬂ x%_&g],oﬂ
S W (Fig. 1), P(acceptance)#te] 0.959] 7M=E m(FA=
s &71EA)E AgslaL M(Hl*gailtﬁfﬁ%?}ﬁlx] )& m
EE} 1 logl0 =A1 A8kt

4g1Ee oA e, A AE 0 24
Qs WAL, AT N, A7, ﬁaﬂoﬂ w
2} 7159 caseE Hotal AstIZl cased] WE n, oS
A7 31 th(Table 1)'.

B

Probability density function (PDF) for log counts.
Distribution mean = 1.59 and sigma = 2.28

Probability density function (PDF) for log counts.
Distribution mean = -1.03 and sigma = 1.04
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Fig. 1. Probability density function curve (A) for aerobic cell in ready-to-eat foods and (B) for E. coli in fresh ready-to-eat foods.
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Table 1. Suggested sampling plans for combinations of degrees of health hazard and conditions of use (i.e., the 15 ‘Cases’)

Conditions in which food is excepted to be handled and consumed after

sampling, in the usual course of events

Type of hazard

Conditions reduced Conditions cause no change
degree of concern

Conditions may

in concern of concern increase concern

- . . . Case 1 Case 2 Case 3
Utility (e.g., general contamination, reduced shelf-life, spoilage) n=5, =3 n=5, =2 n=5, c=1
. - Case 4 Case 5 Case 6
Indicator; low, indirect hazard =5, ¢=3 n=s, =2 n=5, c=1
Moderate hazard, not usually ll'fe threatening, usually no Case 7 Case 8 Case 9
sequelae, normally of short duration, symptoms are self-limiting, . . .
. n=5, ¢=2 n=5, c=1 n=5, c=1
can be severe discomfort
Serious hazard, incapacitating but not usually life threatening, Case 10 Case 11 Case 12
sequelae rare, moderate duration n=5, ¢c=0 n=10, ¢c=0 n=20, ¢c=0
Severe hazard for. (a) t'he general Populatlon or (.b) restrlc.ted Case 13 Case 14 Case 15
populations, causing life-threatening or substantial chronic - - - - - -
. . n=15, ¢=0 n=30, ¢c=0 n=60, c=0
sequelae or illness of long duration
Table 2. Total aerobic count contamination level in ready-to-eat products
Mean + SD Prevalence total aerobic count of samples
Food type
(log CFU/mL) < >]1~<2  >2~<3  >3~<4  >4~<5  >5~<6 >6~<7 >7~<8
Ready-to-cat food 1.59+£2.28 233 77 124 101 64 21 10 )
4 (69.2%) (37.0%) (122%)  (19.7%) (16%) (10.2%) (3.3%) (1.6%)
Ready-to-cook food 1.51+2.29 371 97 251 149 129 22 1 )
4 (65.9%) (36.6%) (9.3%) (24.6%) (14.6%)  (12.6%) (2.2%) (0.1%)
Fresh readv-to-eat food 447+ 1.78 12 7 70 60 55 101 73 12
4 (97.4%) (3.1%) (1.8%) (17.9%)  (154%) (14.1%) (25.9%) (18.7%) (3.1%)

Results and Discussion

Y| #= (Total aerobic count) X ﬁ

SHAF - HAEFFY At
o} o}, SHHFAFS] diAldTE %jxﬂ 63071 % 436
2(69.2%)01 4 Ald57t ElEden, HdE
1.59 log CFU/g. & UElth A Ald5e B¥s 4
HH™A 1log CFU/g ©ldh= 2337, 1~2log CFU/g= 774,
2~3 log CFU/g= 12471, 3~4log CFU/g= 1017, 4~5log
CFU/g= 6471, 5~6 log CFU/g= 2171, 6~7 log CFU/g= 10
702 AT

SHzxEAFY] Al s A 10200 F 6727
(65.9%)01X AlF7F EA=ENeH, AE Ht2 1.51 log
CFU/ge 2 Yelgth A& Mase £X8 A9Ed |
log CFU/g °]3l+= 37174, 1~2log CFU/ge 977, 2~3 log
CFU/g= 25171, 3~4 log CFU/g= 14971, 4~5 log CFU/g=
1297, 5~6 log CFU/g= 2271, 6~7 log CFU/g= 17122 %
Ab= ATt

AM AP A Feo] AMMFFE A 3904 F 3804
(97.4%)°NA A7t IRIEAS™, HE Ht2 4.47 log
CFU/ge 2 Yelyth AEE Alagse EXs AR

1 log CFU/g ©]3l= 124, 1~2log CFU/gx 77, 2~3 log
CFU/gE 707, 3~4 log CFU/gE 6071, 4~5 log CFU/gT: 55
7, 5~61log CFU/g= 1017, 6~7 log CFU/g= 737, 7~8
log CFU/ge= 127102 ZAE A

Table 3> SA44HF - A2 F R §Y ZE AR
(n=35) ukAlFe] HHHAL FEAE UERA Zojth

ZX A2 A E Z/HZE]NE’ /\])\qﬁqg]/\lﬁoﬂ;q =9 A

T, T T1as

5 70e] Huizkd HAake] ZFol7t 0.5 log CFU/g ©] 387t
jz1¥ 54.0%, 71.1%, 42.3%= el o™, 1 log CFU/g ©
Aol z+zb 27.8%, 11.8%, 26.9%= 2] 8] 2] &l A
REG MAE QH9REF AY T Ugkon,
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Table 3. The analysis of maximum and minimum levels of total
aerobic count contamination in ready-to-eat products

Max.- Min. levels

Food type <0.5 >0.5~<1 >1
Ready-to-eat food 54.0% 18.3% 27.8%
Ready-to-cook food 71.1% 17.2% 11.8%
Fresh ready-to-eat food 42.3% 30.8% 26.9%
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Table 4. Coliform and Escherichia coli contamination level in ready-to-eat products

Coliform

Escherichia coli

Food type Mean = SD Max.- Min. levels Mean + SD Max.- Min. levels
(log CFU/mL)  <0.5 >0.5 ~ <1 >1 (log CFU/mML)  <0.5 >0.5 ~ <1 >1
— +
Ready-to-eat food O(.g;‘so/ifg 71.4% 5.6% 23.0% ND" - - -
~1.17+0.81 . . .
Ready-to-cook food (7.4%) 89.7% 1.5% 8.8% ND - - -
o 1.03 +£2.46 o o 0 -1.03£1.04 o o 0
Fresh ready-to-eat food (53.1%) 50.0% 12.8% 37.2% (11.8%) 83.3% 3.8% 12.8%

PND : not detected

59 Ao MeXG FE5EHE 4437 - A
2F T W, W] W 9iAlaSE 2 4.19, 4.54 log
CFU/g= & Ao 34 A3, Mz AF9 Aldre
LAZTE B ZoF IFYoH, AMH A ES
4.48 log CFU/g= & A3} WIS 720 -2 vttt
%3 Chung 5" o] dolM= SHHFAXNES 4%
2] F oA 7 log CFU/g ©1/32] LukA| =7} 2H2} 18.4%,
53.9%% FAEIQARE, B Ael|AE 7log CFU/g ©]%4
o] AWAFFE HEHA Lk, AT 2 E] AL
Chung 59 AF-olX= 7log CFU/g ©1/d°] 13.3%% =
A dERd v 2 A= 31%E A ER1EATH
Al 1% A SAHF - B EF Ay AFTA
=S4z dske] 1g T 100,0000] 5100,
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Coliform/Escherichia coli £

SAAHF - B EFRE] WA ] @
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AM==a 5 B. cereus, S. aureus, C. perfringens 2
=

S84 - H X ER/O| AF5d T B. cereus, S. aureus,
C. perfringens ¢ LEX+= Table 5 ¢ 2t} B cereus®]
B A Hd 29 FEE SHAFHAAFC] -1.73+0.83
log CFU/g, %241 #-& ~1.24+0.68 log CFU/g, 214
o] 4)&Fo0] —1.32+0.53 log CFU/gE YEFTH A3 2| FF
oA AAE B. cereus®] 7152 SAAFAXEFH A

rx o
o

Table 5. Foodborne pathogens contamination level in ready-to-
eat products

B. cereus
Food type Mean + SD Max.- Min. levels
(log CFU/mL)  <0.5 >0.5~<1 >I
-1.17+£0.83 o o 0
Ready-to-eat food (7.3%) 92.1% 4.0% 4.0%
-1.24£0.68 N o o
Ready-to-cook food (5.5%) 93.6% 0.5% 5.9%
-1.32+£0.53 o o 0
Fresh ready-to-eat food (2.3%) 94.9% 1.3% 3.8%
S. aureus
Food type Mean + SD Max.- Min. levels
(log CFU/mL)  <0.5 >0.5~<1 >1
Ready-to-eat food ND" - - -
Ready-to-cook food ND - - -
-1.35+£0.
Fresh ready-to-eat food 135 £0.37 96.2% 0.0% 3.8%
(1.5%)

C. perfiingens

Food type Mean + SD Max.- Min. levels
(log CFU/mL)  <0.5 >0.5~<1 >1
Ready-to-eat food ND - - -
-1.37+0.30 0 5 o
Ready-to-cook food (0.9%) 99.5% 0.0% 0.5%
Fresh ready-to-eat food ND - - -

PND : not detected
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NBEZHn=5)2 HNHAE EEX}= 0.5log CFU/g ©] 3}l
A B 90% oo 2 FRIFHITE Kang 5 M= &
A F M9 AH =X B cereus AE AN A
A A2 W 91E 1.00~4.20 log CFU/g, ME =% 1.00~
258 log CFU/g= YEI O™, Ay =e A 4ol B3|
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S. aureus®] 739 SAFHAXNEFL SH X FAAM=
AEEA AL, A H ]2 FA AR Het -1.35+0.37 log
CFU/gZ HEHAE Kim 572 AFolre 444 -
Hej2) Fol| A Hit oF 1.5log CFU/g] LUEE BTt
ZAE S, Kim 59 E3F H#H = 2.78 log CFU/g
AZHATL 39 Jo 5 AFolME EFAIA A
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S, aureus®] LFFEL HWE e FXE YEhgtth

C. perfringens °| 735 SHAFAFH AdA 23
AqMe HEEHA Fkon, Mz FolAMTt F#4d
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A 71Eol Age AR Hol 93] Axe
Aoz Yepgoy Axy 5 F9 AT A4
gdad ZAow AgdA)

1

o3
=4
=X

S
52 N
3o rle

X TN 2 FE TARAR| et FAIH BN

SHAAFAE, SHxAF, AR F AAA R
Al A, g, Wdtt) #4000 tstd A% 7H
g mAE 7IE - AAS AdstaAt Ak n, @
ICMSFollA A 8H= case 7ol &§ ZlolH, A& 7]
T2 AsiEe] FR, T AFlM AA F HFH7A A
F Wl nAEe] ST, €3 AT, AR A
Z8E B 1Y S st caseE ERSAT?.
g, " A 95%2] TFe o= THA T (P(accept) =
95%) 2ES] e FTF Y-S AEste] vlast
AT,

= LHE A ARE e R Hit AEUH 151
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Az E, AAHXNE BE 09 BRI w7} Yol (FF
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