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ABSTRACT

Food establishment could be a good source of spreading food born diseases.
Some food products, such as salad, which don't require heating during their preparation, are
potentially dangerous for the consumers. Therefore, good hygiene practice is very important
for the preparation of salad. The aim of this study was to monitor the hygienic status
maintained during the preparation of salads in the local restaurants in Cairo, Egypt. A total of
240 samples of different items of salads were collected randomly from several restaurants in
Cairo. Microbiological analysis has been done for the detection of some emerging
pathogens. It was found that Saimonella spp. was detected in 20%, 6.7%, 3.3%, 6.7%, 13%
and 3.3% of samples from green salad, Tabola, Humus, Tehina, , Mayonnaise, Yoghurt
respectively, While Shigella and Listenia monocytogen were detected only in Green salad
and Tabola in the same percentage of 13% and 3.3% respectively. High Enterobacteriacae
and Coliform counts were detected in Green salad, Toboola and Cucumber at percentage
(100%,100% and 66.7%) and (100 % , 90% and 16.7% ) respectively. While the lowest
percent of detection of Escherichia coli was in Green Salad and Cucumber at percentage
33% and 3.3% respectively. Staphylococcus aureus was isolated from five kinds of salads(
Green salad, Toboola, Tehina, Bab Ganooch and Mayonize in percent ranged from 16.7 %
to 90%.

These results are an indication that the possibility of contaminated raw materials,
un cleaned equipments and unhygienic food handlers are the main sources of contamination
of salads. Inspection of food establishment should be concentrated on the way of preparing
salads as well as on the equipmenis, raw material used and the hygienic condition of the
establishment and the food handlers.

INTRODUCTION:

Iingredients for the preparation of salads could be from different food items.
Green vegetables, olives, white cheese and mayonnaise are the main
items generally used in the preparation of salads. Fresh products such as
vegetables are not only at risk of getting contaminated while in the field, but
also this may happen during the post harvest handling, processing and
distribution (Beuchat and Ryu, 1997). Sources of post harvest
contamination may be harvest equipment, wash and rinse water,
transportation and cross contamination. On the other hand, at preharvest
stage, feaces, irrigation water and human handling could be sources of
microbial contamination (Endiey et al., 2003)
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The consumption of commercially prepared salads has been
increasing during the past few years. Salad, in general, are neither heated
to ensure the destruction of pathogen and spoilage organisms, nor exposed
to any treatment such as freezing and additting to prolong the shelf life.
Some studies have been done to assess the safety of such foods
(Christiansen and King, 1971; Fowler and Clark, 1975; Fowler and Foster,
1976). It was reported that some food poisoning cases were registered due
to consumption of contaminated salads (Meyer and Oxhoj, 1964, Peterson,
1964, Helmy ef af., 1980). However, the information about the microbial
content of salad is very scarce in the Middle East region (Helmy et al.,
1880). In Egypt, as well as in other countries in the region, green salad is
the most popular one. In addition to other types of salads such as Homus,
Tehina, mayonnaise salad etc. No detailed studies, however, have been

done in Egypt to assess the microbial characteristics of salads. Therefore,
the aim of this study was to monitor the hygienic status maintained during the preparation of
salads in the local restaurants in Cairo

MATERIALS AND METHODS

A total of 240 salad samples representing 30 samples of Green
salad Taboola, Homus, Tehina, Mutable, Baba Ganooch, Mayonaie and
cucumber with yoghurt were collected from different restaurants in sterile
containers in Egypt and brought to the laboratory in ice boxes. All the
samples were analyzed for the determination of pathogens expected in this
kind of foods, such as Enterobactericae coliforms, E. coli, Saimonella spp.,
Staph. aureus, Shigella spp. and L. monocytogenes.

Preparation of the tested samples was done by initial suspension
and decimal dilution according to ISO 6887-2-(2001) and ISO 6887-
1.(1999). Ten grams of sample were weighted into a sterile stomacher bag
and 90 m! diluents (buffered peptone water) was added and biended for 1-2
min. Then, decimal dilution to 107 in buffer peptone water was made to
perform enumeration of Enterobactericae, Coliform, Staph aureus and
E.cofi. Enumeration of Enterobacteriaceae (37°C /24 hrs) was determined
using crystal violet neutral red bile dextrose (VRBD), (ISO 7402,19893). The
coliform group enumeration was done by poor plate method according to
ISO 4832,(2005) on crystal violet neutral red bile lactose (VRBL) and
incubated at 37°C for 48 hrs.

Escherichia coli enumeration was done by surface plate method
according to NMKL No. 125 — (1998) modified on VRB-Mug incubated at
44 5°C for 24 hrs.

Staph. aurus enurneration was done by surface plate method according to
ISO 6888 1998 on Baird parker agar (BP) and incubated at 37°C for 48 hrs.
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Salmonlla were tested according to 1SO 6579 - (2002). Pre—
enrichment, 25g sample was performed in 225 mi buffer peptone water and
incubated at 37°C for 16 — 20 hr. Then, 1 mi and 0.1 ml was transferred into
10 ml in two selective enrichment broth Titra Thionate { TTB) broth and
Rappart — vassiliadis broth (RV) and incubated at 37°C and 41.5°C for 24
hrs, respectively. One lop from each selective enrichment was streaked on
Hektone enteric agar, XLD and phenol red Brillient green agar at 37°C for
24 hrs. Suspected colonies were subjected to biochemical identification on
lysine decarboxylase, triple sugar iron agar and urea agar at 37°C for 24
hrs. Positive colony subjected to conformation by using APl 20 E system
and serology antibody reaction.

Shigella spp. were tested according to ISO 21567 -
(2002).Enrichment, 25g sample was performed in 225 ml GN Broth
containing 0.5 pg /ml and incubated anaerobic at 41.5°C for 16 — 20 hr.
One lop from enrichment broth was streaked on MacConkey agar Hektone
enteric agar and XLD agar at 37°C for 24 hrs. Suspected colonies were
subjected to biochemical identification on lysine decarboxylase, triple sugar
iron agar and urea agar at 37°C for 24 hrs. Positive colony subjected to
conformation by using APl 20 E system and serology antibody reaction.

Listeria monocytogen was tested according to 1ISO 11280-1(1996).
25g of sample were added to 225 mi half frazier broth and incubated at
30°C for 24hr .0.1 m! from primary enrichment was transferred to 10.0 mi of
frazier broth (secondry enrichment ) and incubated at 37 °C for 48hr . Two
loops from second enrichment were streaked on Oxford and Palcam agar
at 37°C for 24 hr .Suspected colony subjected to confirmation with AP{
listeria.

Quality control :

General guidelines on quality assurance for the preparation of
culture media were applied in the laboratory according to ISO 111331
(2000) and ISO 11133-2 (2002).

RESULTS AND DISCUSSION

Prevention of contamination is the most efficient way to insure
food safety and prevent food born iliness. Thus, much effort should be done
to protect food from contamination. Raw food stuffs, particularly vegetables
grown close to the soil, may be contaminated with microoganisms.

The specific types of microorganisms predominant in freshly
harvested vegetables are quite variable. Because these foods are
subjected to different environmental conditions. These foods can be
contaminated with different types of microorganisms. In general, however,
the typicat micro flora of freshly harvested vegetables could be gram
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negative bacteria. The specific bacteria include Enterobacter spp and
Pseudomonas spp. (Brackett, 1998, Skovgaard, 1984 and Zhao et al.,
1997). Enterobacteriaceae bacteria that are found in the human or animat
intestinal tract, such as Safmonella and Shigella. Enterobacteriaceae are
useful indicators of hygienic condition of foods.

Among 240 samples of different types of salads analysed 15
samples were found to be contaminated with Salmonella and 5 samples
were contaminated with both Shigelfa and Listeria  monacytogen.
Table®(1) showed that Salmoneifa spp. was detected in 20%, 6.7%, 3.3%,
6.7%, 13% and 3.3% in samples from green salad, Tabola, Humus, Tehina,
,  Mayonnaise, Yoghurt respectively. While Shigefla and Listeria
monocytogen were detected only in Green salad and Tabola in the same
percentage of 13% and 3.3% respectively. Beuchat (1996) stated that
bacterial pathogens may contaminate vegetables at any point throughout
the production system. Potential pre-harvest sources of contamination
include soil, feces, irrigation water, water used to apply fungicides and
insecticides, dust, insects, inadequately composted manure, wild and
domestic animals and human handiing.

All of the Green salad samples and, Taboola samples were
contaminated with Enterobacteriacae at counts ranging from (7.5x10° to
1.7x10* cfu/g) and (6.0x10° to 1.5x10° ciu/g) respectively.While the
frequencies of incidence of Enterobactericae in Homus,Tehina, Baba
ganoouch, mayonaize, and cucomber were 6.7%, 16.7%, 33.3% and
66.7% respectively.On the other hand the Enterobactericae was not
detected in Yoghort Table (2).

Coliform not detected { < 10 cfu/g) in both kinds of salad Homus and
Yoghort. While the frequency of incidence of Coliform in green salad,
Tabola Tehina, Baba Ganoouch, Mayonaize, and Cucomber were
100%,90% 2.7%, 6.7%, 6.7%and 16.7% respectively.

Helmy et al. (1980) have reported the detection of Coliforms in 19 out of 20
samples of Tehina salad. They showed counts ranging from 1.4x10" to
4.0x10° cells/g. In the present case, the Coliform counts in Tehina was
detected in one sample out of thirty sample. it was considered relatively
low showing count 1.5x10% cfu/g. However, this is indicative of unhygienic
handling during the preparation.

Coliform counts in Green salad were higher than that encountered in
Tehina, the range being 5.0x10? to 1.1x10° cfu/g. Besides these, two of the
samples also showed the presence of £. coli {1.0x10? cfulg and 9.0x10°
cfu/g ) and twenty seven samples had coagulase positive S. aureus
ranged from (5.0x10° cfulg to 5.0x10° cfu/g). These high counts of Coliforms
and the presence of E. cofi and S. aureus might have originated either from
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the raw materials or from the handlers. Prokopowich and Blank (1991)
reported a coagulase positive S. aureus contamination rate of 24% in the
vegetable sprouts and seeds they surveyed. However, it is questionable
whether this organism would be able to grow on these produces in large
numbers and produce enterotoxin feading to public heaith risk. Growth of S.
aureus on salad bar vegetables to a concentration of about 10° cfu/g, but
without the production of enterotoxin has been reported by Gourama et al.
(1981). Homus, Tehina, Baba Ganoouch, Mayonaize, and Yoghortwere
totally free from any E Coli. While the incidence of E Coli in Green salad,
Toboola and Cucumber were 33%.6.7% and 3.3% respectively. The
frequencies of incidence of Staph. aureus in Green salad, Taboola |,
Tehina, Baba Ganoouch and Mayonaize were 90%, 66%, 33%, 16.7% and
23.3% respectively.

Table 1: Prevalence of pathogenic micro organisms in different kind
of salads

Sallmonella Shigella Listeria

prevalence Y prevalence % prevalence %

Green salad 6(30) 20% {30) 13% 4(30) 13%

Tabola 130)  B.7%  1(30)  33%  1(30)  3.3%
Homus 1(30)  33%  0(30) 0% 0(30) 0%
Tehin 2(30)  67%  0(30) 0% 0(30) 0%
Bab Ganoch  ©(30) 0%  0(30) 0% 0(30) 0%

Mayonnaise  4(30)  13%  0(30) 0% 0(30) 0%
Yoghort 1(30)  3.3%  0(30) 0% 0(30) 0%

Cucumber 0(30) 0%  0(30) 0% 0(30) 0%
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The high counts of Enterbacteriacae, coliform , the presence of E.
cofi and S. aureus might have originated either from the raw materials or
from the handlers. Prokopowich and Blank (1991) reported a coagulase
positive S. aureus contamination rate of 24% in the vegetable sprouts and
seeds they surveyed. However, it is questionable whether this organism
would be able to grow on these produces in large numbers and produce
enterotoxin leading to public health risk. Growth of S. aureus on salad bar
vegetables to a concentration of about 10° cfu/g, but without the preduction
of enterotoxin has been reported by Gourama et al. (1991).

A number of earlier studies have shown that the pathogenic bacteria
not only survive but can also grow on vegetables under congenial
conditions {(Abdoul-Raouf et al., 1993, Farber et al., 1998; Gourama et al,,
1891, Thunberg et al., 2002; Endley et al., 2003). Salmonella has been
detected in lettuce, cauliflower, sprouts, mustard cress, spinach etc.
{Beuchat, 1995; Blaser ef al.; 1981, Mahon et al., 1997; QOci ef al., 1997). E.
coli 1057:H7 has heen detected by Beuchat (1995) in sprouts, cabbage,
lettuce and cilantro. S. aureus including enterotoxin producing strains have
been detected in a number of fresh produces such as alfaifa sprouts,
broccoli, broccoli sprouts, cauliflower, celery, lettuce, and mung been
sprouts (Thunberg ef al., 2002). They also have reported the presence of a
variety of Listeria spp. including L. monocytogenes in these produces,

Also it has been reported that food born outbreaks were linked to
the consumption of raw vegetables, epidemiological investigation identified
manure as the source of contamination: L. monocytogens on cabbage in
Canada, and Salmonelfa and E.coli on apples used in making apple juice in
U.S. (Nguyen-the & Carlin 2000 and Tauxe et al., 1997).

Ready-to-eat vegetables which form the major ingredients of green
salads and other ingredients such as sesame seed paste (Tehina), chick
pea paste (Homus) etc. are subjected to minimal or no processing before
consumption. Hence, these produces are prone to get contaminated with
pathogenic microorganisms, which can occur at any stage from farm to the
dinning table. Contaminated raw materials, uncleaned equipments and
unhygienic food handlers are main sources of contamination of salads.
Inspection of food establishment should be concentrated on the way of
preparing salads as well as on the equipments, raw material used and the
hygienic condition of the establishment and the food handlers.

Vol. 11 (1), 2006 62



€9

Table 2 incidence of different microorganism {cfu/g) in different kind of salads

Enterobactria cfulg coliform cfulg E.coli cfulg staph aures cfulg
Kind Of salad N.D Mean range N.D Mean range N.D Mean range N.D Mean  range
“Green salad - 15000 (750017000} - 8000 500-1100 20 500 100500 3 3000 500-5000
100% 100% 86% 33% 10% 90%
-Tohoola - 12000 (600-1500) 3 6500 {3060-900} 28 500 (400-600) 10 2500 300-4000
100% 10% 90% 93.3% 6.7% 33.3% 66%
-Homus 28 200 150-250 30 30 30
93.3% 6.7% 100% 100% 100%
-Tehina 25 500 200-700 29 150 450 30 20 1500 500-2000
83.3% 16.7% 97.7% 100% 66.7% 333%
-Baba Ganooch 23 300 100-500 28 150 30 30 - 25 500 100-700
T76.7% 23 93.3% 6.7% 100% 83.2% 16.7%
-Maycnaie 20 500 100-900 28 10¢ 50-150 n 23 100 200-1500
66.7% 33.3% 93.3% 6.7% 100% 76.7% 23.3%
-Yoghort 30 30 30 30
100% 0% 100% 100% 100%
-Green salad 10 1000 500-2000 25 800 3001100 29 150 150 30 -
333% 66.7% 833 16.7% 97.7% 13% 100%

9007 (1} 11 '10A

(eyseq eqes "oudy '08) Sy OUSY APY [



J. Adv. Agric.Res. (Fac. Agric. Saba Basha)

REFERENCES

Abdoui-Raouf, U. M., L. R. Beuchat, and M. S. Ammar. (1993). Survival
and growth of a Escherichia coli 0157:H7 on salad vegetables. Applied
and Environmental Microbiology. §9: 1999-2006.

Beuchat, L. R. {(1995). Pathogenic microorganisms associated with fresh
produce. Journal of Food Protection. 59; 204-216.

Beuchat, L.R. (1996). Pathogenic microorganisms associated with fresh
produce, J. Food Prot. 59; 204-216.

Beuchat, L. R, and J. H. Ryu. (1997). Produce handling and processing
practices. Emerging Infectious Diseases. 3:459-465.

Blaser, M. J., E. M. Rafuse, J. G. Wells, R. A, Pollard, and R. A.
Feldman. (1981). An outbreak of salmonellosis involving muitiple
vehicles. American Journal of Epidemiology. 114 663-670.

Brackett, R.E. (1998). Fruits, vegetables and grains, p.117-126 . In M.P.
Doyle, L.R. Beuchat, and T.J. Montville {eds.}, Food microbiology:
fundamental and frontiers. ASM Press, Washington. D.C.

Christiansen, L. N, and N. 8. King. (1971). The microbial content of
some salads and sandwiches at retail outlets. Journal of Milk and Food
Technology. 34: 289-293.

Fowler, J. L., and W., D. Clark. (1975). Microbiology of delecatessen
salads. Journal of Mitk and Food Technology. 38: 146-149.

Endley, S., L. Lu, E. Vega, M. E. Hume, and S. D. Pillai.( 2003). Male-
specific coliphages as an additional fecal contamination indicator for
screening fresh carrots. Journal of food Protection. 66 88-93.

Farber, J. M., 8. L. Wang, Y. Caj, and 5. Zhand. (1998). Changes in
populations of Listeria mnocytogenes inoculated on packaged fresh-cut
vegetables. Journal of Food Protection. 61: 182-195.

Fowler, J. L., and J. F. Foster. (1976). A microbioiogical survey of three
fresh green salads—can guidelines be recommended for these foods.
Journal of Milk and Food Technology. 39: 111-113,

Gourama, H., W. Y. J. Tsai, and L. B. Bullerman. (1991). Growth and
production of enterotoxins A and D by Staphylococcus aureus in salad
bar ingredients and clam chowder. Journal of Food Protection. 54: 844-
847.

Helmy, A., A. Abd-El-Bakey, and Z. Y. Daw. (1980). Microbiological
studies on Egyptian market salads with special reference to food
poisoning organisms. World Congress on Food Born Infections and
Intoxications. Berlin, Germany.

Vol. 11 (1),2006 64



F. Adv. Agric.Res. (Fac. Agric. Saba Basha)

International standardization Organization (1ISO) (1993). Microbiology-
General guidance for the enumeration of Enterobacteriaceae without
resuscitation-MPN technique and colony-count technique 7402.

International standardization Organization (ISO) -- (1996) Microbiology
of food and animal feedings stuffs-Horizontal method for detection of
Listeria monocytogen 11290-1.

International standardization Organization (ISO) (1998) Microbiology of
food and animal feeding stuffs- Horizontal method forenumerationof
coagulase-positive Staphylococci (Staphylococcus aureus and other
spp 6888.

International standardization Organization (ISO)FDIS (1999).
Microbiology of foodand animal feeding staffs. Preparation of test
samples, initial suspension and decimal dilution of microbiclogical
examination Part 1: General rules for the preparation of the initial
suspension and decimal dilutions 6887-1.

International standardization Organization (ISO) (2000) Microbiology of
food and animal feeding stuffs -General guidelines on quality
assurance for the preparation of culture media in the laboratory
11133-1.

International standardization Organization (1ISO) (2001) Microbiology of
food and animal feeding stuffs- Preparation of test sample, initial
suspension and decimal ditution of Microbiologica! examination 6887-
2.

international standardization Organization (ISO) (2002) Microbiology of
food and animal feeding stuffs-Practical guidelines on performance
testing of culture media11133-2.

International standardization Organization (ISO) (2002) Microbiology of
food and animal feedings stuffs-Horizontal method for detection of
Salmonella spp 6579.

International standardization Organization (ISO) - (2002) Microbioclogy
of food and animal feedings stuffs-Horizontal method for detection of
Sgigella spp 21567.

International standardization Organization (1SO) (2005) Microbiology of
food and animal feeding stuffs- Horizontal method for enumeration of
Coliform. Colony-count technique 4832.

Mahon, B. E., A. Ponka, W. N. Hall, K. Komatsu, S. E. Dietrich, A.
Siitonen, G. Cage, P. S. Hayes, M. A, Lambert-Fair, N. H. Bean, P.
M. Griffin, and L. Slutsker. (1997). An international outbreak of
Salmonelia infection caused by alfalfa sprouts grown from
contaminated seeds. Joumnal of Infection Diseases. 175:876-882.

Vol. 11(1), 2006 65



J. Adv. Agric.Res. (Fac. Agric. Saba Basha)

Meyer, J., and P. Oxhoj. (1964). En musetyfusepidemi. Medlemsbl.
Danske Dyrlaegeforen. 47: 810-819.

Nguyen-the, C. and Carlin, F. (2000). Fresh and processed vegetables,
In: The microbiological safety and quality of foods "B.M. Lund, T.C.
Baid Parker and G.W. Goold {eds.). Aspen publication, Gaithersburg,
pp 620-684. .

NMKL {Nordic committee on food analysis) — 125 (1996) Determination
of Faecal coliform (Thermo tolerant coliform).

Ooi, P. L., K. T. Goh, K. S. Neo and C. C. L. Ngan.( 1997). A shipyard
outbreak of Salmoneliosis traced to contaminated fruits and
vegetables. Annals of the Academy of Medicine Singapore. 26: 539-
543.

Peterson, J. (1364). Ex udbrud af levnedsmiddelinfektion fremkhadt af

mayonnaise inficeret med Salmonella typhimurium. Medlemsbl. Danske

Dyrlaegeforen. 47; 284-287.

Prokopowich , D., and G. Blank. (1991). Microbiological evaluation of
vegetable sprouts and seeds. Journal of Food Protection. 54. 560-
562.

Skovgaard, N. (1984). Vegetables as an ecological environment for
microbes, p.27-33. In Kiss, I. Deak, T. and Incze, K. (eds.), microbial
associations and interactions in food. Akademia Kiado, Budapest.

Tauxe, R.; Kruse, H.; Hedberg, C.; Potter, M.; Madden, J. and
Wachsmuth, K. (1997). Microbiologica! hazards and emerging issues
associated with produce. A preliminary report to the National Advisory
Committee on microbiologic criteria for foods. J. Food Prot. 60:1400-
1408. _

Thunberg, R. L., T. 7. Trang, R. W. Bennett, R. N. Matthews, and N.
Belay. (2002). Microbial evaluation of selected fresh produce
obtained at retail market. Journal of Food Protection. 65: 677-682.

Zhao, T.; Clavero, M.R.S.; Doyle, M.P. and Beuchat, L.R. (1997). Health
relevance of the presence of fecal coliforms in iced tea and leaf tea
.J. Food Prot. 60:215-218.

Vol. 11(1),2006 66



J. Adv. Agric.Res. (Fac. Agric. Saba Basha)

2 paidal
5 AN aelhaa (ha 5aa) alt dhabed) £ gl (land Aaual gyl
chakll A3k
S B LY B iy el Shiie Gilatls SS el Genal Rieh 0 Sigadh S 50

sl gan . al a1 LY pleadl aal (e 0585 o Saal e aladal gl
el W) e agghB ki ) e sl ol i B 2l ) Akl (e aladal
= dd ol 338 e gl L Ala jel ey aledlull sl A oassaal cldel GOWY i 6 g 1Y
Yiy e 4o gane . Aag el Cla g deadal 8 Akl juaas U8 L0 3 apaall b ghadl aniia
el ddae aelhae e Ui gde lgaasd o5 A 4kl jalie Cilide e dle
s A paall L S gy LY g e e as 5 S

O YoV, TV T %N,V %T, %N,V (Y b il D galludl U S o) aag iy
c L gy dwigle v aen s Alpdl ol pmdll Al Gilie
NIV DV V| PO NS [PV DU R 15 0 SR\ - S Ly P TR R P SR Y
. almllh %Y, T % T

PESTE AP R EPR VORI SIS RS VU PRI I PCES IV WA RN P
48 L . Oy AR (R TS AR AN PR i CARRILCRICRRS Ch & W RO TR EPT I e §
ot Al of pradd Akl 8 2y LSl il eale ColS Al B i) as
' -l %Y, V%Y

Al B g b T il e Sl 0 e e X dgiiall Ui, Je 5 a
% NNY G T oy gl T sy i glally s Wb aadall ¢ /byl ¢l uadd)
XRIRIPIR > [N S PRUPPRU PO I JRVSPIATS RPN RUR JEA AP I TR F L N
ARl Sy i phaall g e skl Gesals 3k Jaba cpat it ali DU Daalt
REEUINPISUPICTPO (FRNPRIS TR REOICH BUDI S0 50 JUENR I S PRI LI § PR
- pladall Gupulll o ghads (Jaks alildVy (anall gl g dasdindd

Vol. 11(1),2006 67





