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ABSTRACT - From April to December in 2009, microbial investigation is accomplished for 100 frozen foods
asked to microbial control team that corresponds with total acrobic viable bacteria, coliform group, Escherichia coli,
Enterococcus spp. and antibiotic resistance patterns of Enterococcus spp. isolates are investigated. Average of total
aerobic viable bacteria numbers is 4.3 x 10 CFU/g. Average of coliform group numbers is 4.3 x 10° CFU/g. Average
of Enterococcus spp. numbets is 1.8 x 10° CFU/g. Escherichia coli from 100 frozen foods is not detected and detec-
tion rate is 0.0%. 22 Enterocaccus spp. are isolated from 100 frozen foods. 12 of 22 Enterococcus spp. strains are
identified as E. faecium. 7 of 22 Enterococcus spp. strains are identified as E. faecalis. 2 of 22 Enterococcus spp.
strains are identified as E. gallinarum. 1 of 22 Enterococcus spp. strains is identified as £. fiirae. Enterococcus spp.
isolates show a high resistance to erythromycin, rifampin, tetracycline, ciprofloxacin, chlorampenicol, penicillin and
a susceptibility to vancomycin, ampiciliin, gentamicin, strepomycin, linezolid. 15 of 22 Enterococcus spp. strains are
multi-resistant and the most frequent multi-resistant pattern is erythromycin-rifampin for 6 Enterococcus spp. strains.
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Table 1. The list of antibiotics tested in this study

Antibiotics Abbreviation Concelnt'rai} on Zone diameter(mm)

(ng/disk) Resistant Intermediate Susceptible

Ampicillin AM 10 16 - 17
Gentamicin GM 120 10 7-9 6
Swrepomycin S 300 10 7-9 6
Ciprofloxacin CipP 5 15 16-20 21
Chloramphenicol C 30 12 13-17 18
Linezolid LZD 30 23 21-22 20
Erythromycin E 15 13 14-22 23
Penicillin p | 14 - 15
Rifampin RA 5 16 17-19 20
Tetracyeline te 30 14 15-18 19
Vancomycin VA 30 14 15-16 17
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Table 2. Comparative numbers of total aerobic viable bacteria

with cohform group in Frozen foods intaken after heating

Frozen foods intaken No. (?f . No. of

after heating. total aerob;(? viable coliform group
bacteria

sample 1 60 0
sample 2 23 % 10° 18
sample 3 1.2 % 10° 0
sample 4 5.2 % 10° 0
sample § 6.1 x 10° 26
sample 6 1.2 % 10° 0
sample 7 1.6 x 10° 0
sample 8 7.3 x 10° 0
sample 9 1.8 % 10 0
sample 10 1.2 % 10 0
sample 11 1.0 x 10 1.4 % 10
sample 12 4.2 % 10° 0
sample 13 5.5 % 10° 0
sample 14 4.0 x 10° 1.1 % 10
sample 15 3.5 % 107 0
sample 16 2.6 x 10° 12
sample 17 2.8 % 10° 6.7 x 10°
sample 18 82 0
sample 19 9.2 % }0° 0
sample 20 5.8 x 10° 6.8 x 10°
sample 21 90 0
sample 22 0 0
sample 23 2.1 x 10° 0
sample 24 8.7 x 10° 0
sample 25 0 0
sample 26 1.4 x 10° 0
sample 27 1.0 x 10° 32 % 10°
sample 28 0 0
sample 29 4.8 % 10° 3.9 x 107
sample 30 60 0
sample 31 2.0 x 10° 11 x 10
sample 32 3.8 %10 2.6 x 10
sample 33 2.6 x 10 1.2 % 10
sample 34 2.4 x 10° 0
sample 33 3.2 % 10° 0
sample 36 7.0 x 10° 0
sample 37 1.2 x 10° 0
sample 38 1.6 x 10° 1.5 % 10°
sample 39 1.0 x 10° 0
sample 40 1.3 % 10? 0
sample 41 3.6 % 10° 70
sample 42 0 0
sample 43 6.0 x 10° 0
sample 44 1.2 x 10° 0
sample 45 4.5 x 10 58 x 107

37°CONAM 16~18A17F v ggh 5 gh=shit.
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Table 3. Comparative numbers of total aerobic viable bacteria
with coliform group in slush of Frozen foods intaken after no
heating

slush of Frozen No. of

foods intaken after aerobic viable .NO' of
no heating. bacteria coliform group
sample | 1.8 x 107 0
sample 2 0 0
sample 3 35 0
sample 4 S 0
sample 5 0 0
sample 6 1.5% 10° 0
sample 7 1.6 x 10 0
sample 8 8.1x10° 0
sample 9 3.7 % 10° 0
sample 10 35 0
sample 11 5.9x 10° 0
sample 12 48 0
sample 13 2.8 % 10? 0
sample 14 4.1 x 10? 0
sample 15 0 0
sample 16 64 0
sample 17 3 0
sample 18 7 0
sample 19 41 23
sample 20 29 8
sample 21 0 0
sample 22 1.0x 10
sample 23 1.1 x 10 6.0 % 10
sample 24 1.7 % 102
sample 25 0 0
sample 26 20 0
sample 27 0
sample 28 0 0
sample 29 27 0
sample 30 0 0
sample 31 1.8% 10° 45
sample 32 3.0x 10° 32
sample 33 2.2 % 10 17
sample 34 2.5%10° 14
sample 35 0 0

&5 'goﬂﬂi Anbal 2 19142 A9sk 817
AN A& 101 81.0%% HEES JYepldith Ho A&
& 43 x 10'CFU/g 12, 10-10°CFU/g 2071, 10%10*CFU/g
4071, 10* o] CFU/g 1874015} AT = 0AdA
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Table 4. Comparative numbers of total aerobic viable bacteria
with coliform group in ice cream of Frozen foods intaken after no
heating

ice cream of Frozen No. of e
foods intaken after  1otal aerobic viable ) .N‘)‘ of
no heating. bacteria coliform group
sample | 2.6 % 10° 0
sample 2 80 0
sample 3 18 0
sample 4 1.0 % 10° 0
sample § %10 0
sample 6 10 0
sample 7 10 0
sample 8 0 0
sample 9 0 0
sample 10 0 0
sample 11 0 0
sample 12 0 0
sample 13 30 0
sample 14 9.0 x 107 0
sample 15 28 0
sample 16 8.0 % 107 0
sample 17 40 0
sample 18 2.4 % 10° 0
sample 19 0 0
sample 20 80 0
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Table 5. Comparative numbers of Enterococcus spp. with E.coli
in Frozen foods intaken after heating

Frozen foods intaken No. of No. of
after heating. Enterocaccus spp. E. coli
sample | 0 ND
sample 2 22 ND
sample 3 2.2 % 10° ND
sample 4 14 ND
sample 5 0 ND
sample 6 242 10° ND
sample 7 52 ND
sample § 1.6 x 107 ND
sample 9 9.0 x 10° ND
sample 10 36 ND
sample 11 LI 10° ND
sample 12 2 ND
sample 13 2 ND
sample 14 52 x10° ND
sample 15 0 ND
sample 16 70 ND
sample 17 6.4 x 10° ND
sample 18 0 ND
sample 19 0 ND
sample 20 6.8 x 10° ND
sample 21 0 ND
sample 22 0 ND
sample 23 0 ND
sample 24 0 ND
sample 25 0 ND
sample 26 0 ND
sample 27 5.3 x 10 ND
sample 28 0 ND
sample 29 60 ND
sample 30 0 ND
sample 31 33 x 10° ND
sample 32 [.4x10° ND
sample 33 7.0 x 10° ND
sample 34 0 ND
sample 35 0 ND
sample 36 0 ND
sample 37 0 ND
sample 38 4.7 %10 ND
sample 39 2.0 % 10 ND
sample 40 0 ND
sample 41 0 ND
sample 42 0 ND
sample 43 0 ND
sample 44 0 ND
sample 45 0 ND

*ND: Not Detected

o} 3L 10-10°CFU/g 671, 10-10°CFU/g 114, 10* o}t CFU/g
3710190tk AHS 1007 2ol BHEE 0] 0.0%9)
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Table 6. Comparative numbers of Emrerococcus spp. with E.coli

ce Park, Kyung-sig Kim, Young-a Yoo, Jae-kyoo Lee, Sung-kook §

in slush and ice cream of Frozen foods intaken after no heating
Frozen foods intaken No. of No. of
after no heating. Enterococcus spp. E. coli
slush sample 1~35 ND ND
ice cream sample
am samp ND ND

1-20

"ND: Not Detected

Table 7. Numbers of Enterococcus spp. identified from 22 samples

Species

No. (%)

E. faecium
E. fuecalis
E. gallinarum

E, hirae

12 (54.5%)
7 (31.8%)
2(9.2%)
I (4.5%)
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Table 8. Antibiotic Resistance Ratios of Enterococcu spp.(n=22) isolated from Frozen foods

E. faecivum E faecalis E.gallinarum E hirae
Antibiotic (n=12) (n=7) (n=2) (n=1)
agent Resistant(%) Resistant(%) Resistant(%) Resistant(%o)

Ampicillin ND ND ND ND
Ciprofloxacin 1(8.3) 2(28.6) ND ND
Chloramphenicol 1(8.3) ND ND ND
Erythromycin 8(66.7) 3(42.9) 2(100) ND
Penicillin 1(8.3) ND ND ND

Rifampin 8(66.7) 2(28.6) 2(100) H100)

Tetracveline 3(25.0) 4(57.1) ND 1(100)
Vancomycin ND ND ND ND
Gentamicin ND ND ND ND
Streptomycin ND ND ND ND
Linezolid ND ND ND ND

"ND: Not Detected
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Table 9. Antibiotic multi-resistance patterns of Enterococcus spp.
isolates

Enterococcus  Multi-resistance

$pp. pattern No. of isolates  subtotal(%6)
All suseptable | 1(8.3)
RA 2 4(33.3)
E fueci E 2
" ;’fj ’2‘;’” E-RA 4 S(41.8)
P-TE 1
E-RA-TE ] 1(8.3)
E-RA-TE-CIP-C 1 1(8.3)
Total 12 12(100)
All suseptable ] 1(14.2)
E fuecali E-TE 3 5(71.6)
(‘;‘_f% " RA-TE 1
RA-CIP i
E-TE-CIP 1 1(14.2)
Total 7 T(100)
E.gallinarum ~
& ) E-RA 2 2(100)
Total 2 2(100)
E.hirae .
(n=1) RA-TE 1 1(100)
Total 1 1{100)
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