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Antibiotic Resistances of Enterococcus Isolated from Salad and Sprout. Kang, Tae-Mi, Sun-Kyung Cho,
and Jong-Hyun Park*. Department of Food Science and Biotechnology, Kyungwon University, Seongnam
461-701, Korea — To evaluate the antibiotic resistance of Enterococcus from salad and sprout, Enterococcus
were isolated and identified from 47 salad samples and 37 sprout samples, and then their antibiotic resistances
were analyzed. Ninety five Enterococcus, 41 strains from salad and 54 strains from sprout, were ultimately
isolated. The frequent Enterococcus in salad and sprout were E. gallinarum, E. faecalis, E. faecium, E. hirae,
and E. avium. Minimum inhibitory concentrations of the isolates for vancomycin were below 4 pg/mL, which
were not high levels of resistance. All Enterococcus proved to be resistant to streptomycin and chlorampheni-
col. Twenty two percentage of the isolates were resistant to penicillin, however, almost the isolates were sensi-
tive to tetracycline. Eighteen percentage of the isolates were resistant to erythromycin. All E. faecium and E.
faecalis were found to be ampicillin-resistant, and seven E. faecalis and five E. faecium were resistant to
rifampicin. Overall antibiotic resistances of Enterococcus isolates were relatively low and low resistance to
vancomycin was similar to those evidenced by Enterococcus isolated from the other foods. Therefore, there
may be no special risk from the antibiotics resistances of Enterococcus and especially vancomycin-resistant
Enterococcus from the fresh-cut salads and the sprouts.
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Fig. 1. Agarose gel electrophoresis showing PCR product with
Ent 1, Ent 2 primer from isolated Enterococcus spp. in salad.
Lanes : 1, Enterococcus; faecalis KCTC 2011, 2, Esa -1, 3; Esa-2,
4; Esa-3, 5; Esa-4, 6; Esa-5, 7; not detected, 8; Esa-6, 9; not
detected, 10; not detected; M; 100 bp DNA ladder. Esa™: Entero-
cocci isolated from salad.
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Table 1. Identification of isolated Enterococcus spp. isolated from 47 salad (A) and 37 sprout (B) by Vitek and API 20 strep kit

(A) (B)
Relative Relative

No. Strain Organism probability| No. Strain Organism probability
(%) (%)
1 Esa-1 Enterococcus casseliflavus /Igallinarum 99 1 Esp-1 Enterococcus casseliflavus /gallinarum 99
2 Esa-2 Enterococcus gallinarum 99 2 Esp-2 Enterococcus gallinarum 98
3 Esa-3 Enterococcus avium 96 3 Esp-3 Enterococcus hirae 85
4 Esa-4 Enterococcus gallinarum 90 4  Esp-4 Enterococcus casseliflavus /gallinarum 95
5 Esa-5 Enterococcus casseliflavus /gallinarum 99 5 Esp-5 Enterococcus gallinarum 92
6 Esa-6 Enterococcus faecium 89 6 Esp-6 Enterococcus faecalis 99
7 Esa-7 Enterococcus faecium 99 7  Esp-7 Enterococcus casseliflavus /gallinarum 90
8 Esa-8 Enterococcus avium 80 8 Esp-8 Enterococcus casseliflavus /gallinarum 99
9 Esa-9 Enterococcus avium 80 9  Esp-9 Enterococcus faecalis 99
10 Esa-10 Enterococcus avium 98 10 Esp-10 Enterococcus gallinarum 99
11 Esa-11 Enterococcus avium 86 11 Esp-11 Enterococcus faecium 73
12 Esa-12 Enterococcus casseliflavus Igallinarum 96 12 Esp-12 Enterococcus gallinarum 93
13 Esa-13 Enterococcus casseliflavus /gallinarum 99 13 Esp-13 Enterococcus avium 96
14 Esa-14 Enterococcus avium 95 14 Esp-14 Enterococcus casseliflavus /gallinarum 85
15 Esa-15 Enterococcus avium 66 15 Esp-15 Enterococcus avium 99
16 Esa-16 Enterococcus avium 95 16 Esp-16 Enterococcus faecalis 99
17 Esa-17 Enterococcus avium 91 17 Esp-17 Enterococcus faecalis 99
18 Esa-18 Enterococcus casseliflavus Igallinarum 98 18 Esp-18 Enterococcus gallinarum 97
19 Esa-19 Enterococcus casseliflavus /gallinarum 98 19 Esp-19 Enterococcus gallinarum 82
20 Esa-20 Enterococcus gallinarum 73 20 Esp-20 Enterococcus gallinarum 90
21 Esa-21 Enterococcus gallinarum 80 21 Esp-21 Enterococcus casseliflavus /gallinarum 98
22 Esa-22 Enterococcus faecium 93 22 Esp-22 Enterococcus avium 98
23 Esa-23 Enterococcus gallinarum 73 23 Esp-23 Enterococcus casseliflavus /gallinarum 99
24 Esa-24 Enterococcus avium 99 24 Esp-24 Enterococcus gallinarum 85
25 Esa-25 Enterococcus gallinarum 97 25 Esp-25 Enterococcus gallinarum 89
26 Esa-26 Enterococcus faecium 89 26 Esp-26 Enterococcus faecium 97
27 Esa-27 Enterococcus gallinarum 91 27 Esp-27 Enterococcus faecium 99
28 Esa-28 Enterococcus casseliflavus /gallinarum 99 28 Esp-28 Enterococcus gallinarum 87
29 Esa-29 Enterococcus casseliflavus Igallinarum 81 29 Esp-29 Enterococcus gallinarum 96
30 Esa-30 Enterococcus casseliflavus /gallinarum 99 30 Esp-30 Enterococcus avium 89
31 Esa-31 Enterococcus casseliflavus /gallinarum 99 31 Esp-31 Enterococcus casseliflavus /gallinarum 99
32 Esa-32 Enterococcus gallinarum 90 32 Esp-32 Enterococcus faecium 99
33 Esa-33 Enterococcus gallinarum 99 33 Esp-33 Enterococcus faecium 99
34 Esa-34 Enterococcus faecalis 99 34 Esp-34 Enterococcus casseliflavus /gallinarum 99
35 Esa-35 Enterococcus casseliflavus Igallinarum 99 35 Esp-35 Enterococcus casseliflavus /gallinarum 79
36 Esa-36 Enterococcus hirae 95 36 Esp-36 Enterococcus faecium 90
37 Esa-37 Enterococcus hirae 97 37 Esp-37 Enterococcus faecium 90
38 Esa-38 Enterococcus casseliflavus [gallinarum 99 38 Esp-38 Enterococcus gallinarum 89
39 Esa-39 Enterococcus gallinarum 73 39 Esp-39 Enterococcus hirae 97
40 Esa-40 Enterococcus gallinarum 97 40 Esp-40 Enterococcus faecalis 99
41 Esa-41 Enterococcus gallinarum 97 41 Esp-41 Enterococcus casseliflavus /gallinarum 99
42 Esp-42 Enterococcus casseliflavus /gallinarum 99
43 Esp-43 Enterococcus faecalis 99
44 Esp-44 Enterococcus casseliflavus /gallinarum 99
45 Esp-45 Enterococcus casseliflavus /gallinarum 94
46 Esp-46 Enterococcus gallinarum 98
47 Esp-47 Enterococcus faecalis 98
48 Esp-48 Enterococcus gallinarumx 95
49 Esp-49 Enterococcus gallinarum 84
50 Esp-50 Enterococcus faecium 93
51 Esp-51 Enterococcus hirae 99
52 Esp-52 Enterococcus faecium 99
53 Esp-53 Enterococcus gallinarum 81
54 Esp-54 Enterococcus faecium 97
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Fig. 2. Agarose gel electrophoresis showing PCR product with
Ent 1, Ent 2 primer from isolated Enferococcus spp. in sprout.
Lanes: 1; Enterococcus faecium KCCM 12118, 2; not detected, 3;
not detected, 4; Esp™-1, 5; Esp-2, 6; Esp-3, 7; Esp-4, 8; Esp-3, 9;
not detected, 10; Esp-6, M; 100 bp DNA ladder. Esp”: Entero-
cocci isolated from sprout.
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Fig. 3. Composition of Enterococcus spp. isolated from salad
and sprout.
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Table 2. Minimum inhibitory concentrations of vancomycin against Enterococcus spp. isolated from salad and sprout.

MIC (/L)
Species (No.of isolates) Range
0.25 0.5 1.0 2.0 4.0 8.0
E. avium (10) 0 0 9 0 1 0 1.0-4.0
E. faecalis (1) 0 0 0 1 0 0 2.0

Salad E. faecium (4) 1 0 3 0 0 0 025-1.0

E. gallinarum (12) 2 0 0 1 6 3 0.5-8.0

E. hirae (2) 0 1 1 0 0 0 0.5-1.0

E. gallinarum/casseliflavs (12) 0 0 3 0 3 6 0.5-8.0

E. avium (4) 0 0 3 0 0 1 1.0-8.0

E. faecalis (7) 0 0 0 6 1 0 2.0-4.0

Sprout E. faecium (10) 0 0 8 0 2 0 1.0-4.0

E. gallinarum (16) 0 0 3 2 8 3 1.0-8.0

E. hirae (3) 0 1 1 1 0 0 0.5-2.0

E. gallinarum/casseliflavs (14) 0 0 0 0 2 12 4.0-8.0
Holze| 4N ZM 2] 3 enterococci®] FAA| 7rpA) HAMEAH, penicillin,
Al EH9  enterococciell ampicillin, chloramphenicol, tetracycline, ciprofloxacin, chloramphenicol @ rifampicin

erythromycin, penicillin, rifampicin, streptomycin “Z&] 2%
tetracycline®] ZHpA3E FALSE A3, streptomycinel] HaiA]
L 32 ug/mL ©]AHe] WAS ¥%.2w, chloramphenicolo]
A e 2-16 pg/mle WHA-E e iek(Table 3).
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AHEE A AREATE o] mhE Aol 7]QlE ZloE B
ol

webr] 2 A7 A, du =9 AR Lo A Eelst
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rifampicin, ampicillin?} erythromycin®] ©h& 3FAAo) o)
M Tl wet 92 s Jelle] 5E FE)
Enterococcus9be oH& A A4S B

A AF 5 Enterococcus®] 7 W3 A7 X @
A 2 AA o). HT EHe IA7) 8 9l fresh-
cut-vegetable 3JENS] AEFE A Fs= Hge] F7l8laL 8l
}. Enterococcuss AFa3730 Qe8] £-¥ala gle=z 2]

Table 3. Minimum inhibitory concentrations of antibiotic against Enterococcus spp. isolated from salad and sprout.

MIC (ug/mL)
Antibiotic Range
0.25 0.5 1 2 4 8 16 32 32>

ampicillin 0 0 1 14 17 41 22 0 0 2-16
chloramphenicol 0 0 0 2 59 25 9 0 0 2-16
erythromycin 13 17 21 27 14 2 1 0 0 0.25-16
penicillin 53 1 6 14 5 15 0 0 0.25-16
rafampin 22 3 12 12 23 20 3 0 0 0.25-16
streptomycin 0 0 0 0 0 2 12 37 44 8-32>
tetracycline 10 9 48 25 0 1 2 0 0 0.25-16
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faecium, E. hirae, E. casseliflavus, E. avium2-2 57 =
%iv}. Vancomycin®] A A8 A3l FEE 4 pg/ml o]
st2 A=k ARA AolA B2 R Enterococcusol| A=
vancomycin Aol 7] @& 7eg vehgdh. 223 B
£ Enterococcus?l| 4 streptomycin}t chloramphenicole]] Y
g B2, 22% Enterococcus= penicillind] A #5=
YAS Byd. 23y A9 EE  Enterococcusd) A
tetracyclineol] 917H4-S Jehldet. 228 25 E faecium
3+ E. faecalisIM % ampicillin A5% WAS EHoH, 7
T2 E. faeciumd}t 5EFE] E. faecalis S)A rifampinAls
= WAS Bodd Aty e g Bl Enterococcust
vancomycinZ & gAAe ] A W2 WS 4
7+ Helow o2 AlE el M E ARt 23S Hel
T vk agER A= s i Fed
Enteroccocus= vancomycin?} the A Alo] o}
3] A4 HAEE 34 g ALE Held,

HAtel =2
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