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Objectives : To study bacterial contamination of fresh vegetables before cleaning and before serving to
patients in 14 hospitals.
Material and Method : Aerobic plate count was performed and emphasized on total viable aerobic bacteria,
fecal coliform, fecal Escherichia coli and enteric pathogens in fresh vegetables including romaine lettuce,
onion, parsley, celery and tomato before cleaning and before serving. Hospital nutrition officers who were
involved in food purchasing and processing were interviewed.
Results : One hundred and six of 403 of fresh vegetable samples (26.3%) before cleaning were contaminated
with > 107 colony forming unit per gram (CFU/gram) of viable aerobic bacteria, 106 of 178 samples (59.6%)
contained MPN/fecal coliform >1,100 / gram,  78 samples (43.8%) contained MPN fecal E.coli >10/gram.
Enteric bacteria were isolated from 7.2% of the total 304 samples including non typhoid Salmonella (1
sample), Vibrio cholerae non O1/O139  (7 samples) and Aeromonas species (14 samples). Forty of 396 ready
to serve vegetable samples (10.1%) contained > 107 CFU/gram of viable aerobic bacteria. Seventy five of 183
(40.9%) samples contained >1,100 MPN fecal coliform/gram and 43 (23.5%) contained >10 MPN fecal E.
coli/gram. Enteric bacteria were also detected in 7.6% of the samples including V. cholerae non O1/O139 (6
samples) and Aeromonas species (17 samples).

There were three different ways in obtaining  fresh vegetables to the hospitals : by auction (50%),
wholesalers (21.4%) and  retailers (14.2%). There were also different standards of transportation, packag-
ing, delivery and food processing,  particularly cleaning methods.
Conclusion : Ready-to-eat fresh vegetables were contaminated in high percentages with microorganisms in
the number that exceeded the standard. Better management is required to safeguard patients.

Keywords : Bacterial contamination, Vegetables, Hospital

J Med Assoc Thai 2005; 88 (Suppl 10): S42-8
Full text. e-Journal: http://www.medassocthai.org/journal

Foodborne illness is still a major problem in
many countries. The source of  causative organisms
include fresh fruits and vegetables. Vegetables are es-
sential food for healthy persons and also for patients
particularly, fresh vegetables.  Nowadays, consump-
tion of fresh vegetables has largely increased among
Thai people.  Preparation and handling ready-to-eat
vegetables must be performed with care, since veg-

etables planted in growing fields could be contami-
nated with soil microbes or even with human fecal flora
and enteric pathogens. Human intestinal infections
such as salmonellosis, shigellosis and cholera caused
by comsumption of raw vegetables have been reported
in many countries.(1-4) Enteric pathogens such as
Aeromonas, Salmonella, Shigella, Escherichia coli
O157:H7, Vibrio cholerae,  Bacillus cereus and
Campylobacter jejuni have been isolated from a wide
variety of fresh produce: lettuce, celery, sprout, green
onion, broccoli, cauliflower, pepper, spinach, mush-
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room, tomato, cabbage, chilli, strawberries and water
melon.(1) In addition, nosocomial outbreaks of Salmo-
nella,(5-9) Listeria(10-11) and Vibrio(3) have been reported.
In Thailand, the warm and  humid temperature all year
round is suitable for bacterial multiplication. Food poi-
soning in Thailand including nosocomial diarrhea are
common. Food hygiene in hospitals must be strictly
maintained since patients are more vulnerable to infec-
tions than normal persons. Contamination of patho-
gens to prepared foods could occur during food pro-
cessing by canteen personnel. Therefore, appropriate
preparation particularly, for vegetables served fresh
must be implemented. Harvesting, packaging, and trans-
portation from farms to hospitals are difficult to con-
trol, good food processing is ,thus, required to ensure
clean food. Information on food microbiology, handling
and processing of vegetables are needed to improve
food hygiene in hospitals. The present study was to
determinate the number of viable bacteria and enteric
pathogens : salmonella, shigella, vibrios and aeromonas
in vegetables on arrival at hospital canteens and when
they are ready to be served to patients.

Material and Method
The study was done during March 2002 and

January 2003. Fourteen hospitals were enrolled by ran-
domized stratified sampling. Information on sources,
providers, transportation and preparation of vegetables
was done by interviewing hospital canteen personnel.
Samples of romaine lettuce, onion, parsley, celery and
tomato were collected before and after processing by
co-operating infection control nurses (ICNs) for bacte-
rial culture. Quantitative cultures were done for viable
aerobic bacteria, fecal coliform, Escherichia coli and
Salmonella, Shigella, Vibrio, and Aeromonas spp.
Results were reported as number of bacteria per 1 gram
of vegetables.

Determination of viable aerobic bacterial count and
enteric pathogens in fresh vegetable

Twenty-five grams of vegetables was mixed
thoroughly with 225 ml of peptone broth. The suspen-
sion was ten fold diluted and examined for aerobic plate
count on enriched nutrient agar. Colony count was
done after 48 hours incubation at 35OC using spread
plate technique as previously described(12). Each 1 ml.
of the suspension was also transferred into gram-nega-
tive broth for isolation of salmonella and shigella and
into alkaline peptone for vibrios and aeromonas. Isola-
tion and identification of the enteric pathogen were
performed as previously described(13).
Determination of fecal coliform and Escherichia coli
in fresh vegetable

The vegetable suspensions were used to de-
termine the most probable number (MPN) per gram of
vegetables using the multiple tube MPN technique(14).

Results
Four hundred and three of raw and prepared

fresh vegetable samples and 396 ready to eat fresh
(REF) vegetable samples consisted of romaine lettuce,
onion, parsley, celery and tomato were examined for
viable aerobic plate count and enteric pathogens such
as salmonella, shigella, vibrios and aeromonas. Results
of bacterial culture are shown in Tables 1-3.

The results of total viable aerobic bacterial
count of vegetables from 14 hospitals are shown in
Table 1.  Forty six point nine per cent of the total raw
samples carried viable bacteria less than 106 CFU/gram.
Twenty six point eight per cent of the samples carried
10(6-7) colony forming units (CFU) per gram. Twenty six
point three per cent carried viable bacteria over 107

CFU/gram.  Rates of contamination of raw vegetable
over 107 CFU/gram were as follows; romaine lettuces
39/128 (30.5%), onion 25/77 (32.5%), parsley 15/44

Vegetables Total Raw Total Ready to serve
<106 106-107 >107(%) <106 106-107 >107(%)

Romaine lettuce 128   39   50   39 (30.5) 127   75 32 20 (15.7)
Onion   77   32   20   25 (32.5)   72   56 13   3 (4.2)
Parsley   44   21     8   15 (34.1)   37   20 10   7 (18.9)
Celery   36   13     8   15 (41.7)   36   19   9   8 (22.2)
Tomato 118   84   22   12 (10.2) 124 110 12   2 (1.6)
Total 403 189 108 106 (26.3) 396 280 76 40 (10.1)

Table 1. Total viable aerobic bacterial count per gram of fresh vegetables

Satisfactory < 106    Acceptable   106 - 107,  Unsatisfactory  >107
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(34.1%), celery 15/36 (41.7%) and tomato 12/118 (10.2%).
After they were cleaned and were ready to be served to
patients, 40 of 396 (10.1%) of the vegetables still car-
ried viable bacterial cells over 107 CFU per gram. Rate
of contamination was as follows; romaine lettuce 20/
127 (15.7%), onion 3/72 (4.2%), parsley 7/37 (18.9%),
celery 8/36 (22.2%) and tomato 2/124 (1.6%).

Table 2 shows the results of fecal coliform
and E. coli most probable number (MPN) per gram of
the raw vegetables and cleaned vegetables. Contami-
nation of raw vegetables by fecal coliform was found
in most of the samples.  Fecal coliform count of raw and
cleaned vegetables over 1,100 MPN/gram, were : total

vegetables 106/178 (59.6%) and 75/183 (40.9%), romaine
lettuce 42/55(76.4%) and 29/56 (51.8%), onion 26/34
(76.5%) and 16/35 (45.7%), parsley 10/17 (58.9%) and 7/
17 (41.2%), celery 12/19 (63.2%) and 13/20(65.0%) and
tomato 16/53 (59.6%) and 10/55 (18.9%) respectively.
The fecal E.coli count below 10 MPN/gram of raw and
cleaned  vegetables were : total vegetables 78/178
(43.8%) and 43/183(23.5%), romaine lettuce 32/
55(58.2%) and 8/56(32.1%), onion 14/34 (41.2%) and 6/
35 (17.1%), parsley 5/17 (29.4%) and 4/17 (23.5%), cel-
ery 10/19 (52.6%) and 10/20 (50.0%) and tomato 17/53
(32.1%) and  5/55 (9.1%).

The contamination of enteric pathogens from

Vegetables Total          MPN of fecal coliform                 MPN of  E. coli
<3 3-1,100 >1,100 <3 <10 (%) 10- >1,100 (%)

Romaine lettuce
   Raw   55   5   8   42(76.4%)   23   23(41.8) 23(41.8)
   Ready to eat   56   4 23   29(51.8%)   30   38(67.9) 18(32.1)
Onion
   Raw   34   3   5   26(76.5%)   20   20(58.8) 14(41.2)
   Ready to eat   35   5 14   16(45.7%)   27   29(82.9)   6(17.1)
Parsley
   Raw   17   1   6   10(58.9%)   12   12(70.6)   5(29.4)
   Ready to eat   17   4   6     7(41.2%)   10   13(76.5)   4(23.5)
Celery
   Raw   19   0   7   12(63.2%)     9     9(47.4) 10(50.0)
   Ready to eat   20   3   4   13(65.0%)     9   10(50.0) 10(50.0)
Tomato
   Raw   53 11 26   16(30.2%)   36   36(67.9) 17(32.1)
   Ready to eat   55 12 33   10(18.9%)   46   50(90.9)   5( 9.1)
Raw 178 20 52 106(59.6%) 100 100(56.2) 78(43.8)
Ready to eat 183 28 80   75(40.9%) 122 140(76.5) 43(23.5)

Table 2. Most probable number (MPN) of fecal coliform and Escherichia coli count per gram of fresh
vegetables

Vegetables Total Raw Ready to serve
Salmonella# Vibrio* Aeromonas Salmonella# Vibrio* Aeromonas

Romaine lettuce   96 - 3   7 - 3   9
Onion   59 1 2   - - 1   -
Parsley   29 - -   2 - -   -
Celery   25 - 2   4 - 2   4
Tomato   95 - -   1 - -   4
Total 304 1 7 14 - 6 17
Percentage 100 0.3 2.3   4.6 - 2.0   5.6

Total 3. Enteric pathogens isolated from the vegetables

# non-typhi Salmonella, * Vibrio cholerae non O1/O139
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raw vegetables and cleaned vegetables is shown in
Table 3. Salmonella species (not S. typhi) was isolated
from 1 sample (0.3%) of raw onion. V. cholerae  non O1/
O139 was isolated from 7 samples (2.3%) of raw veg-
etables and 6 samples (2.0%) from cleaned vegetables.
Aeromonas species included A. hydrophila and A.
sorbia were isolated from 14 samples (4.6%) of raw and
17 samples (5.6%) of cleaned vegetables.

Table 4 shows the supplying sources of veg-
etables for the 14 hospitals. Only 3 hospitals obtained
the vegetables from known and regular producers.
Seven hospitals (50.0%) bought the vegetables from
companies. Three hospitals obtained them from whole-
salers and 2 hospitals obtained them from retailers. Two
hospitals bought the vegetables from more than one
source.

Transportation of vegetables from providers
to the hospitals is shown in  Table 5. In 5 hospitals
(35.7%) the vegetables were transported in closed and
clean containers and to 1 hospital in temperature con-
trolled vehicles. Transported in separate containers was
reported from 8 hospitals (57.1%).

Preparation process of  the vegetables  is
shown in Table 6. In 8 hospitals (57.1%) they were
processed in separate rooms and in 13 (92.9%) with
separate sets of cooking tools. Preparation of the veg-
etables was done by trained staff in 11 hospitals
(78.6%). In 8 hospitals (57.1%) the raw vegetables were
treated with potassium permanganate or diluted cal-
cium chloride solution. In 3 hospitals (21.4%) the
cleaned vegetable were kept in close containers. All
hospitals used closed food delivery carts in transport-
ing food to patients.  Freshly prepared vegetables were
served to patients within 2 hours in 11 hospitals
(78.6%). While waiting for food delivery to wards, the
vegetables were kept in refrigerators in 3 out of 6 hos-
pitals reported.

Discussion
Gastrointestinal infection is a very common

health problem in developing countries. Patients with
low immunity have a  high risk of exposure to patho-
genic bacteria in food. The infection in immunocompro-
mized patients is more severe and could lead to death.

Standards of safety food have been set(15,16).
Acceptable microbiological guidelines for ready-to-eat
fresh vegetables include total aerobic count of less
than 107 CFU per gram, MPN of fecal E. coli less than
10 CFU per gram and undetectable amount of enteric
pathogens including Salmonella, E. coli O157:H7 and
V. cholerae in 25 grams of fresh vegetables. Foods

served to patients should strictly follow the standards.
The results in the present study showed that

the average aerobic bacterial plate count of raw veg-
etables exceeding the acceptable level (>107CFU/gm)
was 26.3%. The result was similar to a previous study.(17)

Even after processing the contamination remained as
high as 10%. High levels of fecal coliform (MPN >1,100/

Sources    Number Per cent
of hospitals

Producer
        Known and regular       3/14   21.4
        growing field
Providers
         Companies       7/14   50.0
         Wholesalers       3/14   21.4
         Retailers       2/14   14.3
         Combination       2/14   14.3

Table 4. Supplying sources of vegetables

Transportation    Number   %
of hospitals

In temperature controlled       1/14   7.1
vehicles
In closed containers       5/14 35.7
In separate containers       8/14 57.1

Table 5. Transportation of vegetables to the hospitals

Preparation/Transportation    Number    %
of hospitals

In separate room         8/14   57.1
Using separated cooking tools       13/14   92.9
By trained personnel       11/14   78.6
Using disinfectants         8/14   57.1
Using cleaned water         6/14   42.9
Keeping cleaned vegetables in         3/14   21.4
  clean and closed containers
Keeping in refrigerators         3/6   50.0
  before serving
Transporting prepared       14/14 100.0
  food in closed carts
Serving within 2 hours       11/12   91.7
  after preparation

Table 6. Preparation and transportation of the vegeta-
bles in hospitals
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gm) and fecal E. coli (MPN >10/gm) were found in
59.6% and 43.8% of raw vegetables. The contamina-
tion only slightly decreased after cleaning, indicating
defective processing methods. In addition, the pres-
ence of fecal E. coli indicates the possibility of enteric
pathogens contamination. In the present study, 7.2 %
of the raw vegetables were contaminated by non typhi
Salmonella, V. cholerae non O1/O139 and Aeromonas
species while 7.6% of cleaned vegetables were still
contaminated with V. cholerae non O1/O139 and
Aeromonas species. The increase in contamination of
the cleaned vegetables with Aeromonas species could
occur during food processing.

Different sources of supply resulted in inap-
propriate methods in packaging and transportation.
These practices increase the risk of contamination of
vegetables.

Several investigators reported the efficacy of
using chlorinated water in decontamination of raw veg-
etables(18-21). In the present study, more than half of the
hospitals used chlorinated or permanganate solutions.
Even though the number of contaminated vegetables
was reduced, 23.5% of cleaned vegetables were still
contaminated with E. coli. Various factors including
concentrations of disinfectants, duration of immersion,
number of washing, etc., play an important role in de-
contamination. A standard protocol for decontamina-
tion of vegetables is clearly needed.

Prepared food left in room temperature in a
warm climate allows the multiplication of contaminat-
ing bacteria. If the food could not be served immediate-
ly after preparation, it should be stored in a refrigerator.

Conclusion
The vegetables in the present study were con-

taminated with a high number of bacteria that exceeded
the acceptable levels both before and after cleaning.
The contaminated organisms included fecal coliforms,
fecal E. coli and some enteric pathogens. The whole
process including purchasing, transport, washing, de-
contaminating, storage and serving in the hospitals
should be reviewed.
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