(minimally processed)

30

13

1

(2000. 3)

3

fast-food

1989

(.

(23



2.
21
Table 1
fast-food
plate
count agar
(mesophilic  bacteria) 10 10
CFU/g
4.
10° 10° CFU/g
(5-10), 6,7
iceberg
).
MRS
(12) 10° CFU/g
).
. Enterdbacteriacese
, desoxycholate

10 CFU/g @

CFC pseudomonads

Brocklehurst  (4)

Enterdede

agglomerans 37 VRB
CFC

, Hankin (12)
(pectinalytic bacteria) 10° CFU/g
4).
80 90%
Gram (rods) P seudomonas
spp., Enterobacter spp., Erwinia spp.
(4,6-8,10,13- 15), Pseudomonads

Marchetti (15)
Pseudomonas spp.

Kok (16) Pseudomonadaceae

5 10
King (9) pseudomonads
56.7%

Flavobacterium spp.(9,13,14),
Xanthomonas spp.(9,13,15), CGramoecterium
spp.(15), Chryseomonas spp.(15), Rahnella
aquatilis(15), Serratia spp.(13,17), Adigaes
spp. Bacillus spp.(9,13)

pseudomonads P. fluorescens
(46,7,10,13,15)
(18). P. fluorescens
pseudomonads (50 90%)
(7,15), P. putida, P. chlororgohis,
P. cepacia, P. paucimobilis, P. viridiflava
(46,1013 15).
Enterbacter  agglomerans Erwinia
herbicola(4,6,7,10,13-15)  R. aquatilis(15)

Entecdbataiacese , Enterdecter  intermedium(p)
E. doame(15)
1%
L euconostoc  spp. ) L.
mesenteroides (6), Bracklehurst

@) (homo)
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Table 1. Number of microorganisms found in minimally processed fresh vegetables sampled in

industrial locations or in commercia display units

Product

: Mesophilic Lactic acid : Feca Yessts Pectindytic
(time elapsed between ; . Cdiforms’ : ¢ ; J
processing and andlysisf microflora bacteria cdifoms & mdds micrdflord
Mixed vegetables from 0-10 ©0-10 0-10 0-10 <0-10
retal outlet: lettuce,
cabbage, onion, pepper,
cress, cdery, swest
corn
Shredded cabbage 10- 10 25x 10° 17 10
Carot sticks 10- 10 10 18 10
Cauliflower florets 5x 10°-5¢ 10 <10 35x 10
Spinach 10°-5x 10 <10 12x 10
(1day & 0 )
Shredded carrot 10 10 <10
(No storage) 10'-10 10
10 <10°-5x 10'
S Vegetables: 10 gggg)) 10- 10 <10- 10 10- 10
carrat, chicory, cabbage y
(1day & 8 )
Ready-to-ea sdads: 10- 10 <10-1¢
lettuce, mixed green for 90% of the for 60% of
salads with tomato and samples the samples
radish, coeslaw
Mixed vegetables for 10'-10° 10-1¢ <10-10 10°- 10
caterers mean 10 mean 2x 10° mean 10° mean 2x 10
Precut salad vegetables 10-10 10-10
Cut lettuce 6x 10 3x 10
(No storage)
Packs of shredded or cut 10-10 10-10 10-10 10-10
vegetables: carrd,
chicory sdads, rocket
Mixed vagetebles from (o] (0] (o)
retal outlet: lettuce,
cabbage, carrat, onion,
pepper
Prepared lettuce for ax 10 8x 10°
caterers
Shredded chicory 10 10-10°
(No storage) 10 10-10°

* Whenever specified by the authars.
® Counted by plating on apprapriate sdective media incubated a temperature between 30 and 37 .
° Counted by plating on Desaxychdate media incubated a 44 .
¢ Counted by plating on Hankin media (12), or by testing far pectindysis a representative number of

cdanies from mesophilic micraflora count plates (10).



P. fluorescens, Enterobacteriaceae

(Gram ) L. mesenteroides (Gram )

Candida spp., Cryptococcus spp., Rhodotorula
spp., Trichosporon spp., Pichia spp., Torulagpora

spp.
(9,13,15,19). , Sclerotinia,
Mucor, Agergillus, Cadosporium, Phoma,
Rhizgpus
(6,9,14,15).

(20- 24).

ml g 10 10

10 10 ,

Candida maltosa,
C. sake, C tropicalis, C. magnoliae,
Hansenula spp., Hanseniasgpora  spp.,
Saccharomyces cerevisiae, Schwamiomyces
occidentalis,  Trichogporon  spp., Zygo-
saccharomyces rouxii
Lactobacillus  spp. L euconostoc
mesenteroides (21- 23).

22
(Pectinolytic Microorganisms)

(pectinalysis) ,
10 20%
(23).
pseudomonads(20  60%)
(6,10). Brocklehurst  (4)

10° 10° CFU/g
Hankin

10° 10'CFU/g

Pseudomonas
(biovars), P. paucimobilis, P.
viridflava, P. luteola, Xanthomonas maltgphila, P.

fluorescens

viridflava, P. luteola, Xan- thomonas maltqhila,
Flavobacterium spp., GCytgphaga spp., Vibrio

fluvialis (6,7,10,5).
(M ucor sp. Sclerotinia
sclerotiorum) (Trichogporon spp.)
(6,19).
23
Table 2
Listeria monocytogenes 3
19% ,
1 CFU/g 100 CFU/g (26).
Yersinia enterocoalitica 76%
, Brocklehurst
(@)
serovar
(27,28)
Aeromonas hydrophila
. E. cali
enterotoxicity
cytotoxicity
(29).
3.
3.1
311

(Saprophytic Microorganisms)
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Table 2. Occurrence of potential foodborne pathogens in minimally processed fresh (MPF)
vegetables and similar products

Positive

Microorganisms Product samples (%) Goservaions Cauntry
Listeria monooytagenes Chicay sdads’ 48 France
Chicary sdads' 8g < 1CFUg France
Shredded cebbage® N.S. France
Processed vegetables 3 England
and sdads
Mixed vegetebles' 7 England
Mixed vegetebles 5 Germany
Mixed vegetables' 9 England
Mixed vegetables 3toll < 100 CGFU/g Europe
Range of MPF vegetables 0 France
Yersinia enterocolitica Range o MPF vegetables’ 76 Srans na pathagenic to men France

Rage d MPF vegetables” 22t0%H6 Srans na pahagenic to maen France

Rage d MPF vegetables” &) No indication o pathagenicity France
Mixed vegetebles' NS Strans na pathagenic to man England
exogat ane sran ambiguous’
Aeromonas hydrephila Range o MPF vegetebles’ NS. 10-10 CRUg Italy
Prepared sdads 216 England
Staphylococcus aureus Mixed vegetebles' 0 Limit o deection 20 CGFU/g England
Rage d MPF vegetables” 0 Limit of detection 100 GFU/g Swiss
Mixed vegetebles 3to4 USA
Escherichia coli Mixed vegetebles' 5 < 500 GFU/g England
Range d MPF vegetables” 0 Limit of detection 10 GFU/g Swiss
Mixed vegetebles’ 2t06 USA
Salmonella spp. Range d MPF vegetables’ 0 Limit o deetin 1CGFUS5 g France

N.S. na specified.

* Product seded in pdymeric film pouches or in plagtic trays.

® Product from hospitdl.

° Viruence markers were cdcium dependent & 37  and fermentation of sdicin. In other cases,
pathogenicity of strains of Y. enterocolitica was established on the basis of ther serovar.

¢ Contamination during processing suspected or mentioned by the authors (104,105).

CFU/g Leuconostoc spp. ,
(1 33%) (35).
. P. fluorescens, E. herbicola, E.
agglomerans
(epiphytic microflora) (17 30- 33). (13,30,36,37). P. fluorescens
Mundt (34) 25x 10" Xanthomonas  spp., Gytphaga  spp.



flavobacterium spp.
(38-40).
fluo- rescent pseudomonads
(41-47), 1cm’ 10° CFU
Pseudo- monas  (30)

10° CFU/g
Pseudo- monas
(48).

(49), Pseudomonads

Erwinia spp. Brocklehurst  (4)

E. carotovora
P. cichorii
(50).

Erwinia
(51
(48)
(5253).

312
(Food- borne Pathogens)

(54-57).
Listeria monocytogenes (
9%, 58) ( 7.8%, 59)
( 258 30.3%, 60)

1 10" CFU/g Aeromonas spp.

(62).
Salmonella spp.
(62), Salmonella poona

1% (63).
Salmonella
(64).
Salmonella spp
7.5%(65), 8 63%(66) )
Shigella  spp.,
Salmonella spp., S. aureus (10° CFUgY)
(67). Notermans(68)
13.6% (69)
(70), (71), C
botulinum , B. cereus
(72).
20%, 66%
Aeromonas spp.
1% (73).

42% Aeromonas spp. ,

(74).
26
80% L. monocytogenes
(75,76).
Y. enterocolitica
) Yersinia
(77,78).

(79.80).
Vibrio cholerae
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(8182).
1982 Listeria

(3).
(84).

(Table 3). Bryan(79)

Salmonella L.

monocy togenes ,
1009%(85), 44.6%(86) L.
mono- cytogenes 7
CFU/ g 87).
Salmonella
E. coli
(66,80,88).
E. coli (49).
10% L. monogytogenes 3 5 CFU/g
Salmonella
(89).

67% L. monocytogenes ,
5
12% (90).

Campylobacter spp.
(91),
(80).

. L.
monocy togenes )
(85) 92)
Van
Renterghem  (93)
Bryan(79)
200
Salmonella . E. cali
21 (94).
clostridia
(559596) B. cereus(97)

A. hydrophila

(multilocus- enzyme- electrohoresis, bio and
serotyping)

(98.99).

(61). L. monocytogenes

(90,100- 102). ,

L. monocytogenes

32
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. 1986 shigellosis
(109) ,
(9,10).
Salmonella spp.
4,
10’
10" CFU/g 100 106 CFU/g
@), 10'
100 10 CFU/g (103). , )
1 (9,25,110- 114),
05 log cycle (necrosis)(10),
(115,116),
3). (6,117)
10/ ml
(10). 10 ,
10° CFU/g ’
4.1
(
)
(13, 10).
18% L. monocytogenes King (9 2 %
19%
(104). '
L. monogy/tagenes ’
. Laine  Michard(105)
L. monocytogenes serotype 1 2a
L. mono- cytogenes
Barriga (25)

1

(106- 108),
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5 35% P.
fluorescens (
coleslaw ) (10).
7 ) P. fluo-
, 7 14 rescens pseudomonads  60%
(118). 4 1
, 0 4 , 10
CFU/ g
10- 16 pseudomonads 10° CFU/g
(20,24) P. fluorescens
10 pseudomonads
(6).
, Brocklehurst  (4)
5 40% (20).
Erwinia carotovora
(6).
(10 CFU/g) @). fluorescent psaudommads
peptidolipid bcarfatat
. Bdin  (113) viscosin (119).
) (120),
(1¢ 10° CFU/mI
78
(20). 10° CFU/g
42 (6,7,117). 50 1
0 14
L euconostoc mesen- teroides
(6). , )
100 3 ,
, 10 10

2%
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L. mesenteroides

(20). Babic  (19)
(heterdferment- ative metabolism)

Candida
(6). L. lambica C. sake ,
mesenteroides Candida lambica
( 25% ) , 1 10 12
0 10
(121). L. mesen- teroides
( , )
(122). L euconostoc spp. (
(123). )
: 6 1
100 mg/ g ), (A. bisporus)
(15).
(15),
(), (110,112).
Lactobacillus  spp.
L euconostoc mesenteroides (116) ,
diacetyl
(124). @)
diacetyl
(24),
43
(125,126), (psychrotrophic)
(silage) (127)
(128)
, : (Z).
1%
(36,129), 8). 10
(22,124). 4

78 1
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(29). fluorescent
pseudomonads, 44
, P. marginalis (pectin- 441
oytic  fluorescent  pseudomonad) E.
carotovora 2 (doubling time) 0.2 1
5 20 57 154
Q). CO; O
(132,133).
( MA)
2 7. ( MA) (134).
5 (8 (MAP)
: 10 100 CFU/g)
©). (112,135).
®), (117),
(119,130) 10 ( )
2 iceberg
(13),
: (28 14 CO 19%
)
0 ). 10% COJ/3% O
20 (24). iceberg
2
10 6 (25).
(131). 20% CO. air
4 10
78 ®)
(20). CO.
. Mazdlier  (114) butterhead
97% N 10% CO. 90% N:
8
2
, 105% CO: 2.25% O
(136). , 25% 5% O 25%,
, 5%, 75% CO: 10
(A. Dbisporus) fluorescent

pseudo- monads
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(110). 10 . CO
fluorescent pseudomonads
1 2 log cycles . 20%
P. fluorescens
(140).
pectinolytic enzyme
(140). P. fluorescens pectinalytic
2) enzyme pH 3),
CO: pseudomonads pH 5 Aspergillus niger
, , pectinalytic enzyme CO.
(140), CO:
(137,138,139,115). 0.2%
O 10% CO P. . Siriphanich  Kader (141)
fluorescens E. carotovora 15% CO: (vacuoles)
(252), pseudomonads 0.1, 04 pH
2%
P. marginalis 4% 10% O 442
MA in vitro butter-
(118). head )
Barriga (15) 10% COJ/3% O 0% O/ 10% CO:
in vitro P. marginalis (124).
2,6 10
15% 20% CO 20% CO;
74). 5).
CO: CO:
O
(649, 135,136). CO (137). 40% CO; 1% O
10

L. mesen- teroides in
vitro (6,121).

(139). Carlin  Nguyen-the  (5)

2 6 CO:
(121).
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443

3% G
, 3% O

(130).

Co 2 10% O

(19).

(4

CO.

(132).

3% O/10% CC: CA

iceberg
9). 10 20 50%
CO
(142).
(MAP)
(143,144)

5.
(Table 3).
1991
, (145), 1973 1987
2%
(146). 1988 1990 L. mono-
cytogenes
(147,148),
, L. monocytogenes
ligeiasis
Table 3
(83,209,
137,149,150).
51
. Shigella sonnei 22
(12 3 log cycle
) (24 3 4
log cycle ) (209,
151). 3

pH . L.
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Table 3 Examples of foodborne infections linked to the consumption of raw vegetables and

fruits
Microorganisms Product suspected Country
Clostridium botulinum Shredded cabbage in coleslaw USA
Listeria monocytogenes Shredded cabbage in coleslaw® Canada
Raw vegetables in salads USA
Alfafa tablets Canada
Salted mushrooms Sweden
Vibrio cholerae Cabbage’ Peru
Salmonella Cantaloupe in fruit salads USA
Watermelon USA
Unpasteurized apple juice’ USA
Bean sprouts England
Shigella sonnei Shredded Iettuce’ USA
Escherichia coli enterotoxic Salads of raw vegetables Mexico
Bacillus cereus Bean sprouts USA
Virus hepatitis A Lettuce USA

* Qutbregks linked to the contamination of vegetables in the fidd by arganic fertilizers o pdiuted

irrigating water (8384).

® Qutbresk linked to a contamination during processing of vegetables (109).

monocy togenes 25 , 8 2 4 6
1log ) % ,1 2 log ) (139), B type
(152,153),
.28 24 25
E. coli, Salmonella (157),
typhimurium, Staphylococcus aureus (A. bisporus) 4
(154). S. aureus (158).
10° CFU/g botulinum (type A, B, E)
2 10 10 1 8
CFU/ g (155). A. ,
bigporus) 37 (inhibitors)
Saureus 2 (159). C. botulinum(A B type
(156). A type C ) MAP 23
botulinum(100 spores/ g) 2%
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Table 4. Growth of Listeria monocytogenes in minimally processed vegetables at refrigeration

temperaures
. -, Temperaure Increase in counts (log)
Product Packaging conditions ) during storage (days)
Shredded |ettuce Pouches sedled in ar 5 03 log in 7 days
11 log in 14 days
12 2log in 7 days
3log in 14 days
Pauches sedled in ar® and 5 0 log in 8 days
pauches sedled under 97% N llog in 14 days
10 2log in 3 days
25-35 log in 10 days
Shredded cebbage  Pouches sedled under ar*® and 5 15 log in 13 days
pauches seded under 3% N + 70% QO
Na specified 5 3log in 9 days
41og in 25 days
Shredded chicory Pauches’ made with high barrier or 4 Olog in 10 days
semipermegble film, seded in ar 8 Olog in 8 days
Pouches made with semipermesble film 4 Olog in 6 days
seded under 100% N. 1llog in 10 days
8 2log in 8 days
Pouches made with high barrier film 4 05 log in 8 days
seded under 100 N: 12 log in 10 days
8 18 log in 3 days
26 log in 8 days
Sdlads of mixed Seded pouches 4 03 log in 4 days
vegetables
* No differences between maodified atmospheres and air.
® high barrier film used for madified atmosphere packaging.
¢ No differences between the two films tested.
22 Salmonella typhimurium
(160). (Flammulina velutipes) A. bisporus
15 4
Shigella sonnei 6 (158,161).
15
(109), Stgphylococcus aureus 25 C. botulinum(162)
(A. bisporus) (156),
Salmonella typhimurium 4
2 . Shigella sonnei 5

(160). C. botu- linum 3



18

7 1 log
(109). 5
7 24
(151). 21
L. mono- cytogenes 5
15 (163).
Enterovirus
(164,165).

(psychrotrophic foodborn)

1

L. monocytogenes
(Table 4).
Stein- bruegge (152) L. monocytogenes

, Ringle  (166)
8
L. monocytogenes
Aeromonas hydrgphila  Aeromonas spp.

4 5

(61,167).
5 7 A. hydrophila 10
-0 10 CFU/g (15).
52

5.2.1 Costridium botulinum

, C. botulinum

(proteolytic) C. botulinum

(158,168- 170).

1 2%
(158,168).

2% ( 22 70%)
(170).
in vitro )
1% nutrient  broth
proteolytic C. botulinum 1
(20 pH7) :
2% (172).
. A. bisporus (158,169),
(157), (69) :
C. botulinum
(Flammulina
velutip es)
(161), Alternaria spp. C. botulinum
29
(168).
pH 46 48
522
( , 30%
N2/ 70% CO: , ) 24
Shigella sonnei 1
3 4 log cycles ,
(15). 0 6 S. sonnei
MAP . L.
monocytogenes 97% N:/3% O
(130)
70% COJ/30% N (153)
8 4
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monocy togenes )
(Table
4). 3
L. monocytogenes
in vitro
L. mono- cytogenes
pH 45 yeast
extract tryptone soybean
L. monocytogenes
(172),
(173).
(CA)
L. monocytogenes A.
hydraphila 4 15 3 10% COJ/1
0 18% O
(167,174).
CO: (50% 100% )
L. monocytogenes )
(175- 179). A. hydrophila
100% CO:
(180).
(132). MAP
(C
botulinum )
53 (Epiphytic

Microorganisms)

L. monocytogenes
P. fluorescens
Lactobacillus plantarum
(181).

(182,183).
L euconostoc  spp. )
CO.

(6,114,121,131). Leuconostoc spp.
L. monocytogenes
bacteriocins
(184).
Fluorescent pseudomonads
L. monocytogenes
pseudomonads
L. monocytogenes
(185).
L. monocytogenes
pseudo-
monads
(186,187).
fluorescent
pseudomonads

54
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pH

54.1 pH
Listeria monocytogenes

(163). pH
Lund(57)
pH
pH L. monocytogenes
(188), pH 368

Salmonella typhimurium
, (160) protedytic C.

botulinum pH 4.32
pH :
pH 60 pH 46 6), 24
4 pH 5.09 pH
3.70 (151)
542
(189).
(190- 192), L. mono-
cytogenes (bacteriostatic)
(193).

1

oleuropen  Bacillus cereus
lactobacilli
(194,195). (296)
coumarins poly-

acetylene
(297).

hydrophila
(15).
L. monocytogenes

L. monocytogenes

(198,199).

543

(274)
L. monocyto-
genes 4 2
1 2 log cycles, 15 1 3 4 log
cycles) (Table 4).

(200).

monocytogenes
(166)
. Chambroy (201)
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6.
10 10 CFU/g
MAP
(phytopathogenic ~ micro-
organism)
GMP
HACCP

. Anon., IVe gamme, Fel actualites, 78,

22, 1990.

. Harvey, J. M., Reduction of losses in

fresh market fruits and vegetables,
Ann. Rev. Phytgathal.,, 16, 321, 1978.
Lund, B. M., Bacterial spoilage, in
Post-Harvest Pathology d Fruits and
Vegetables, Dennis, C., Ed., Academic
Press, London, p.219, 1983.

. Brocklehurst, T. F., Zaman-Wong, C.

M., and Lund, B. M., A note on the
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1987.
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