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Examination of Microbiological Contamination of
Ready-to-eat Vegetable Salad

Jin Sook Kim', Ok-Kyun Bang*, and Hae Choon Chang*
Seoul regional KFDA, *Department of food & medcine, Chosun University

ABSTRACT - 120 samples of ready-to-eat salad product were purchased at department stores, marts and family
restaurants in metro area. Coliform bacteria and food borne pathogenic bacteria were isolated from these samples.
In 73 samples among the 120 salad product samples, coliform bacteria and food bome pathogenic bacteria were
detected by 60.8% of isolated rate. Salad were classified into organic and non-organic salad. According to a salad
type, salad were classified into vegetable salad and mixed vegetable salad with fried chicken and extra food.
According to a packing type, packed salad product and salad-bar product were classified. After the classification, the
results of each cases were compared. There is no statistical relation between cultivation or packing methods and
contaminated bacteria. But the incidence number of microbial strains was significantly different between vegetable
salad and mixed vegetable salad(p<0.005). In vegetable salad, more various strains were detected. E. coli was
isolated in 10 cases among the 90 cases in non-organic vegetable and in 7 cases among the 30 cases in organic salad.
Food borne pathogenic bacteria were isolated in non-organic vegetable salad product. Staphylococcus aureus was
isolated in 4 cases of vegetable salad product and Salmonella spp. isolated in 1 case. After 5 times examination of
each 4 market products, the total number of aerobic bacteria was average 4.8 +0.19 log cfu/g. One sample from this
product, saline and a detergent for vegetable were used for 3 minutes to notice the effect. As a result, when saline
was used 5 times and detergent for vegetable was used 1 time, bacterial contamination was decreased up to 95.5%.

Key words: coiliform bacteria, food borme pathogenic bacteria, vegetable salad, organic vegetable salad

2 vt JX oFdE EX og Salmonella spp.

Listeria monocytogenes 59 215%

Aol 285E 7

#Hat A2le] o] RGN Mese F9 syt 2
A Aoz Auuz s Yok T3 vl Qakw) 7}
Z50) 72 B AR AR AF T TAse] 24
X QA 5 Y ready-to-eat A= EAA|Fo] Bolx|
T Qleh 2 Wik, 0g Wi 2 HreFed 58
T8 Bo) Wigy gon 2y HAEY 5o Y v
B EINE Bol o83 Yot Zeh} AF - TaE o}
AP == gRre] A% 7194 o] AFIea w3
AL F ooz dHse A B4 A AN AH, T3
2 $E 34 Fo] FOIB 2T T AL AFEo] WG
227} 9lo)'? FAF gaBelst Do AFoltY. 9
vgllM = Ao FoliA BWAA E coli 0157:H70] £

TAuthor to whom correspondence should be addressed.
Tel: +82-2-552-6571; Fax: +82-2-565-2668
E-mail: jin1015@kfda.go.kr

60

gol Jem= AATAl] o Byt FE9) el ¢
3 QHEA YTE B3] FF 7Igool P AlAe &
AlolMe G EAIFC] obd ol 8AIEA), FAMIIEE,
QFF, NzIMA 5 AFEIT} JE BRAY] FEFY
Ao 2 BEY Tl o8 2F® oIS e ggFe
2 AHsle A5 ARE WEolof gtk A 3o
Me AR 8719 AR 2 A9 AEs § 9
AAQ T Wigo] E=dFoloket @8 9 JE dAl
oA e A& FAZE vl Fasit) i) AFude] A
$7Fs €5 5~46+2°C FZolu& gut B ZE A] 4°C
B RATOEA AFFHe A o] AME 217}
FFs ST, o3 AEse AN o) ol27)7A)
AuH oz A Fojof gtk u]=F FDAYNAME The Guide
to Minimize Microbial Food Safety Hazards for Fresh
Fruits and Vegetables A ZAYE Sl A4 A4 L S84



Examination of Microbiological Contamination of Ready-to-eat Vegetable Salad 61

7l 71 HEg FXE 8 e, ¥Y TH T
FEA AFALI o]27171A] RS 2HE Fol7] §
3 GAPs ¥ GMPsell Wi2EE AA3laL vt z22vt -2
veke] A$- olx FAA 71FE FAol AAHRX Yo} ok
A AZA Y] T Aol B3] AH $ xE A
BE AFE AF T 59 T AVt Brise] e ¢
FE5HF wH Ay 2PETE I F Jens
GMPs7} ¥t=A] H Qg Ropolct. waby, B A7= A3
>4E AERe AEF VE 44 43S A% 2%
F22A4 AH=AEY coliform group} food borme pathogenic
bacteria®] LUEE FARBIE AF AFL F3) guFF
oF ol AHAY AFHEH T2 NFI

Mz Yy

HH ME

2003 4858 1089744 Mg, WA, U, B35, 5
Ae] wWishd, I, BlEFEA € AUy HLEFH
Ar AH Qlo] HF 7 AY=gE SAEF017),
Salad barolA1e] &8 #)(277]) FelE Y3 okl
=, #71%F AYE, §7 R FUEC] EE ety
E 5 120729 AH=E YR H(Table 1). 79 Fole
WAAARIZ  2ursle] Coliform bacteria, E. coli, E. coli
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Coliform bacteria, E. colie| 28] ¥ 53

Coliform bacteria= ZH 25g2 FF3LZ FHsl9 LB
broth (Oxoid, England) 225ml®}, E. colit- EC broth
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Table 1. Types of salad

Vegetable Mixed
Salad Type Salad  Vegetable Salad Total
Nonorganic Vegetable salad 67 23 90
Organic vegetable salad 26 4 30
Total 93 27 120
YA Fe2 API 20E kit (Biomerieux, France) 3 &
A Aldez lEiT.

Staphylococcus aureus 22| ¥ 53

AA 25g& 10% NaCle] FH7tE Tryptic soy broth
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Bacillus cereus 22| ¥ =3

AA 25 0.85% B A Ao go] g g}sia

Journal of Food Hygiene and Safety, Vol. 19, No. 2



62 Jin Sook Kim, Ok-Kyun Bang, and Hae Choon Chang
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M=ol £2|El coliform bacteria §2| HEE

AA 1204 = coliform bacteria, E. coli 2 food
bome pathogenic bacteria’t w&8]€ Z& 737122 60.8%
o] AEEE BT dvE o AplE o= 67
A (558%)y%= E. coli 2 Coliform bacteria 5°] HAEE 7
A 527 @33%)°1AL g AA N DA oo o] F
E A2y dz=s 274 225%)010eH, #71% ok
HE 267 (QL7%)y% 117 (9.2%)°W E. coli B Coliform
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A (83%)0IA E. coli 5| AEHAL 173 (0.8%)1M 270
o] go] FE AEHol F 1204 F 737 (60.8%)14
Coliform bacteria 5°| 7250t} (Table 2).

£2| &l coliform bacteria 52 3

zt A=A E8E E coli 2 Coliform bacteria 5
5% A= Table 33 2t} opid2 = 12071 5 Coliform
bacteria 5ol 7373004 EEHULY, ©| F Enterobacter

Table 2. Incidence of *microbial flora from salad type

No. of Isolated Strain  **No. of Over-

Salad Type from Samples lapped Isolates
Vegetable Salad 52(71.6%) 27(40.3%)
n=67
Organic Vegetable Salad
=26 11(42.3%) 0(0%)
***Mixed Vegetable Salad
=27 10(37.0%}) 1(0.4%)
If‘la;go' of Samples 73(60.8%) 28(23.3%)

*Coliform group, E. coli, Staphylococcus aureus, Salmonella spp.
**]solated above two strain from one sample
***Mixed vegetable salad is include of meat or extra foods
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Klebsiella pnewmoniae, Citrobacter freundii 53+ 1. 9]¢

Enterobacter cloacae, Serratia odorifera, Staphylococcus
aureus?t -] = AT}

d2E el E ZHES

oR] Al Wy H de:= I E HEE A A
Table 49} 2t} LWkd o2 Auid v§7]w oA
= 6771 % Coliform bacteria 5°] AZEH HAl= 4770]

== 234 F &AM AE HA /7715 okidEE 26
A F 1644 coliform bacteria 5°] HAEHUL F71%
oRIEFAB =T 47 F 27 (83%)0NA HEEUTH (Table
4). 22" d% % Coliform bacteria® A<k £ 2F
71221 E. colik 2155 AAF Staphylococcus aureusSt
Salmonella spp.2] AZEEE Table 591 Yeldon Az=
B geldF 2 Table 654 2t

Opxidizi=o| YBIMT+

oAz =] URAIFFE Table 734 Zo] AF £8 5
ol Blf71% AlE EAAFE 45 (A, B, C, D)l sl 53]
of Ax z=AREE At F AldTe] S 4.80log cfugE
ZAFE AT

MBS MM M opilel MEHET}
chigeI=s] AR BAHEE 2] 98] A1Zel @
o] RESE dE 13¢ Al 085% YelHAFt 2

Journal of Food Hygiene and Safety, Vol 19, No. 2



Examination of Microbiological Contamination of Ready-to-eat Vegetable Salad 63

Table 3. Identified microbial flora in salad

Strains Vegetable Mixed Organic Vegetable Organic Mixed Total
Salads(%) Vegetable Salads (%) Salads (%) Vegetable Salads (%) (%)
E. coli 11 1 4 1 17
Enterobacter cloacae 21 3 1 25
Enterobacter aerogenes 2 2
Enterobacter sakazakii 2 2
Klebsiella oxytoca 10 2 1 1 14
K. pneum. pneumoniae 11 2 13
Klebsiella ornithinolytica 2 2
Kluybera spp. 2 2
Citrobacter freundii 16 2 18
Citrobacter braakii 4 4
Citrobacter koseri 1 1
Citrobacter youngae 2 2
Chryseomonas luteola 1 1
Pantoea spp. 3 3
Serratia odorifera 1 1
Serratia marcescens 1 1
Serratia liquefacens 1 i
Staphylococcus aureus 3 1 4
Salmonella spp. 1 1
The others 4 4
Total 97 7 11 3 118
Table 4. Incidence of microbial flora depends on method of cultivation
Salad Type Vegetable Salad Mixed Vegetable Salad Total
Non-organic Vegetable Salad 47/67(70.1%) 8/23(34.2%) 55/90(61.1%)
Organic Vegetable Salad 16/26(61.5%) 2/4(50.0%) 18/30(60.0%)
Total 63/93(67.7%) 10/27(37.0%) 73/120(60.8%)
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dee AN Ann a7t B Ao 2AEIG FEg. O 3| * Saline
D. BRASE 58, ARAE 18 AR A 955%el Az S vegetbe |
& a7t e Ao vekan, 2 —

I &

& drelMe S iz 2 o] aHE s
FA43E BH=AFN A B E 9= AT
Fasieted S AHERA 2 frlsAlER At ARl
g HIf71E oBiAEeR PRI ofRte g FE A
BEe opds =R, FX §avl, ER ol £ A
HEE ERAIFSR Uro] TESINY. 7 A 27 E

of wet XA AFS dFFeT FEIAL, AL

HAEY FolM A= nplld LEst] puE AFS 4

1 2 3 4 5 6 7 8
Washing time (No.)

Fig. 1. Washing effect according to different kinds of washing
materials.
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Hlgld W 55024 oy S4AHFH A= Az Al A
G &g PIAE 0F HAEHE HAZ 54 2
€ XY Enterobacter cloacae, Citrobacter freundii % E.
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log,, cf/ge® YRt} ] L.C. Kubheka® 52 A+2
#HR1 59406 log,, cfu/ghith 22 FFEO|AL 77he dE9
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Table 6. Incidence number of microbial strain depends on
type of salad

Aerobic Plate Counts(log cfu/g)

Sampling times B C 5
1 4.55 4.68 5.06 497
2 4.67 461 5.10 4.89
3 484 4.62 5.15 5.01
4 4.50 441 495 4.61
5 4.64 4.67 5.11 4.88
Average 4.6410.12 4.6030.10 5.07+0.07 4.8710.14
Total Average 4.80%0.19
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Table S. Incidence of E. coli, Staphylococcus aureus, Salmonella spp. depends on methods of cultivation

Salad Type Vegetable Salad Mixed Vegetable Salad Total
Non-organic Vegetable salad 13/67(19.4%) 2/23(8.7%) 15/90(16.7%)
Organic Vegetable salad 6/26(23.1%) 1/4(25%) 7/30(23.3%)

Total 19/93(20.4%) 3/27(11.1%) 22/120(18.3%)
Table 7. Total aerobic plate counts(APC) of vegetable salads

Salad Type Not Detected 1 Strain 2 Strains Over 3 Strains Total
Vegetable Salad 30 36 17 10 93
Mixed vegetable Salad 17 9 0 1 27

Total 47 45 17 11 120

*Coli form bacteria, Staphylococcus aureus, Salmonella spp
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9] 7% 3074 F 774N ESEHIAT 455 4Ad-S H571E Ae) o AR = 47dolX Staphylococeus aureus?t,
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