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Food Bacteriology Assessment of Fresh Vegetables on the Market in Tokyo
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Authors studied the bacterial contamination of 814 samples of fresh vegetables marketed in Tokyo
from 2000 to 2002. Those samples were tested for standard plate count (SPC) and coli form group (CFG)
as an indicator of environmental hygiene, and fecal Escherichia coli (FEC) as a contamination indicator of
feces of human or animals, and enterohaemorrhagic Escherichia coli 0157 (EHEC 0157), Salmonella,
Listeria monocytogenes and Staphyrococcus aureus which are food poisoning bacteria.

The results were as follows: SPC per gram of vegetables was distributed generally from <10! to 1010,
and the peaks were root vegetables 106, stalk vegetables 106~107, leafy vegetables 106~107, fruit
vegetables 102, fruits 103, sprout vegetables 107~10% and cut vegetables 10%4~106 . However, CFG per
gram in each vegetable group was distributed widely from <10! to 108 and the peaks were not shown.
The isolation rate of FEC in each group was different and was not related to the order of CFG. The
lowest result was 3.0% (4 out of 132 samples) in fruit vegetables and the largest was 17.0% (28 out of
165 samples) in sprout vegetables. These results suggested the possibility of contamination by
entero-pathogenic bacteria. EHEC 0157 and Salmonella were not isolated, but Listeria monocytogenes was
isolated from a welsh onion and packaged beansprout. Staphyrococcus aureus was isolated from 35 (4.3%)

out of 814 samples, in particular we noted 20 (6.8%) of 293 samples of leafy vegetable were

contaminated.
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Table 1. Fresh vegetables studied from 2000 to 2002
- - SET RPLA
Organic Ordinary  The
Subtotal
culture culture  others
Root vegetables 8 26 34
Stalk vegetables 7 63 70 BREER
Leafy vegetables 29 264 293 1. BEREEOREIKR
Fruit vegetables 22 110 132 1) SPC 1lg SPC
Fruits 0 5 5 Table 2
Cutsegigbles s 113 sPe 0t 10
ut vegetables .
Total 66 468 280 814 55-9% 10°
103 1010 106
107 70.0 % 107 108 78 %
2. ®REFE
1) BRAEOFTNE 103 108 106 107
75.1 %
107
25 g 101 108 10
Table 2. Distribution of SPC* values for fresh vegetables
No. of Distribution of SPC* values (%)
samples  <10'  x10'  x10>  x10°  x10"  x10°  x10°  x10"  x10®°  x10°  x10"
Root 34 2 7 19 6
vegetables (5.9 %) (20.6 %) (55.9 %) (17.6 %)
Stalk 70 2 3 6 18 31 8 1 1
vegetables (29%) (43%) (8.6%) (25.7%) (443 %) (11.4%) (1.4 %) (1.4 %)
Leafy 293 2 10 42 111 109 19
vegetables 0.7%) (3.4%) (14.3 %) (37.9 %) (37.2 %) (6.5 %)
Fruit 132 1 2 0 9 21 40 43 14 2
vegetables (0.8%) (1.5%) (0.0%) (6.8 %) (15.9 %) (30.3 %) (32.6 %) (10.6 %) (1.5 %)
Fruits 5 1 0 0 2 1 1
(20.0 %) (0.0 %) (0.0 %) (40.0 %) (20.0 %) (20.0 %)
Sprout 165 1 3 21 88 52
vegetables 0.6%) (1.8%) (12.7 %) (53.3 %) (31.5 %)
Cut 115 1 1 2 11 31 25 24 17 3
vegetables (0.9%) (0.9%) (1.7%) (9.6%) (27.0 %) (21.7 %) (20.9 %) (14.8 %) (2.6 %)
Total 814 2 3 2 24 68 123 236 264 84 1 1

*:Standard plate counts(cfu/g).
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106 62.9 %
1 101 4 103 105
10 108 107 10% 84.8%
10t 108
104 108 69.6 %
SPC 101 108
1086
106 107 105 108 103 107 108
104 108 SPC
( SPC
) 3) FEC
FEC Table 4
SPC FEC 814 86 (10.6 %)
2) CFG lg CFG 34 3 (8.8 %) 70 8
Table 3 SPC 11.4 % 293 39 13.3 % 132
(Table 2) CFG 4 (3.0 %) 5 0 165
10t 108 28 (17.0 %) 115 3.5%)
101 105 Table 3 FEC
10t 108 10t 108
101 108 101 102 FEC
10t 108 10t 107 lcful/g
Table 3. Distibutin of CFG* values for fresh vegetables and FEC** positive samples for each order
No. of Distibutin of CFG* values (%) and [ FEC** positive samples ]
samples  <10' x10" x10° x10° x10* x10° x10° x10’ <10
Root 34 5 8 6 9 6
vesetables (14.7%) (23.5%) (17.6%) (26.5%) (17.6%)
g [1]%** [1] (1]

Stalk 70 3 16 5 5 11 16 10 3 1
vegetables 43%) (229%) (T.1%) (71%) ((157%) (229%) (143%) (“3%) (1.4%)
s 3] [4] [1]
Leaf 293 5 44 40 44 76 58 21 3 2
ve etalzlles (1.7%) (15.0%) (13.7%) (15.0%) (259%) (19.8%) (7.2%) (1.0%) (0.7 %)
g (2] 3] [5] [11] [12] [4] (1] (1]

Fruit 132 16 23 28 29 24 7 5
vegetables (12.1%) (174%) (21.2%) (22.0%) (182%) (53%) (3.8%)
(2] (1] [1]
5 1 1 3
Fruits (20.0 %) (20.0 %) (60.0 %)
Sprout 165 10 9 10 22 44 56 12 2
Vegl;tables 6.1%) (5.5%) (6.1%) (133%) (26.7%) (33.9%) ((73%) (1.2%)
(1] [4] [11] [9] (3]
Cut 115 1 31 23 25 18 14 2 1
vegetables 09%) (27.0%) (20.0%) (21.7%) (157%) (122%) (1.7%) (0.9 %)
(1] (2] (1]
Total 814 25 129 113 119 160 145 94 19 5
*:Coli form group(cfu/g).

**:Fecal Escherichia coli.
*#k: Number of FEC positive samples.
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Table 4. FEC positive vegetables* and the detailes of the positive samples
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No. of samples No. of positives (%)

Details of the positive samples

FEC positive fresh vegetables

No. of samples No. of positives(%)

*: Fruit vegetables.

Root vegetables 34 3 Carrot 14 1 (7.1%)
(8.8 %) Japanese radish 13 1 (7.7 %)
Buldock 3 1 (33.3 %)
Stalk vegetables 70 8 Welsh onion 41 6 (14.6 %)
(11.4 %) Celery 9 2 (22.2 %)
Leafy vegetables 293 39 Salad lettuce 26 3 (11.5%)
(13.3 %) Lettuce 65 7 (10.8 %)
Parsley 12 4 (333 %)
Spinach 33 1 (3.0%)
Cabbage 16 2 (12.5 %)
Honewort 60 12 (20.0 %)
Santyu 8 3 (37.5%)
Komatuna 8 2 (25.0%)
Rukkora 13 3 (23.1%)
others 5 2 (40.0 %)
Fruit vegetables 132 4 Okura 3 1 (33.3%)
(3.0 %) Tomato 68 2 (29%)
Green pepper 14 1 (7.1 %)
Fruits 5 0
Sprout vegetables 165 28 Alfalfa 19 3 (15.8%)
(17.0 %) White radish 53 6 (11.3%)
Celery 1 1 (- %)
Brocoli 9 1 (11.1 %)
Red cabbage 2 1 (50.0 %)
Buckwheat 6 1 (16.7 %)
String beans 12 2 (16.7 %)
Beans 49 13 (26.5 %)
Cut vegetables 115 4 Complex 75 4 (5.3%)
(3.5 %)
814 86
Total (10.6 %)
*:FEC were positive by enrichment culture method for 1.1 g of samples.
60 12 (20.0 %) 49
Table 5. O-antigen types of FEC isolated from fresh 13 (26.5 %)
vegetables 36 FEC128
O-antigen Root Stalk Leafy Fruit* Sprout Cut Total Table 5 06 08
1 1 1
6 3 4 7 128
8 6 2 8
18 2 2 12) 1996 1997
25 1 1 2 456
63 3 3
%6a 3 3 75 (16.4 %) 84
112ac 1 1 0167 8 029
114 1 2 3 0119 0O127a 1 Shigatoxin
119 2 2
125 2 2
136 1 1
143 2 2 2. WREREOHEHIKR
146 1 1 1) BEBJ FIOKE 814
152 1 1 35 (4.3%) Table
153 1 1 2 6 (293
159 1 1
168 1 ) 20 6.8 %)
UT 3 7 47 7 20 1 85
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Table 6. Isolation of entero-pathogenic bacteria from fresh vegetables
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No. of samples Staphylococcus aureus Listeria monocytogenes Bacillus cereus EHEC* 0157 Salmonella

Root 34 3 0 16 0 0
vegetables (8.8 %) (47.0 %)
Stalk 70 1 1 47 0 0
vegetables (1.4 %) (1.4 %) (87.1 %)
Leafy 293 20 0 175 0 0
vegetables (6.8 %) (59.7 %)
Fruit 132 3 0 47 0 0
vegetables (2.2 %) (35.6 %)
Fruts 5 0 0 0 0 0
Sprout 165 7 1 50 0 0
vegetables (4.2 %) (0.6 %) (30.3 %)
Cut 115 1 0 19 0 0
vegetables (0.8 %) (16.5 %)
Total 814 35 2 354 0 0
(4.3 %) (0.2 %) (43.5 %)
*:Enterohaemorrhagic Escherichia coli.
600 cfu/g 1,600 132 4 3.0 %
cfu/g 1,800 cfu/g 165 28 17.0 %
100 cfu/g 3) 814
35 35 (4.3 %)
8 ) 293 20 6.8 %
6 ) G ) 1
5 14.3 814 354 (43.5 %)
2) YRTU7F EHEC 0157
) 1
1/2a FEC # i
SPC 108 CFG 105 108
) ELORE 814
354 43.5
X [
4) EHEC 0157 RUYIJLE®XS EHEC 0157 1) 15(2) 91-95 1998
814 2) 40 417-425 1999
3) 17(1) 31-35 2000
& B 4) 17(1) 37-41 2000
12~14 814 5) 1000 12 6 8
6)
2000)
1) SPC 101 1010 7) 29(6) 397-404 2001
8) 30(1) 21-28 2002
55.9 106 70.0 % 75.1% 106 9) 31(2) 85-89 2003
107 62.9% 105 106 60.0 % 103 10) 59 ( 12 1 20 )
104 84.8 % 107 108 69.6 % 11)
104 106 1990
2) CFG 12) 26(12) 673-678
101 108 FEC 1998



